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1. Introduction


1.1. Overview

The Community Data Management System is an object-oriented data management
system, specialized for organizing multidimensional, gridded data used
in climate analysis and simulation.

CDMS is implemented as part of the Climate Data
Analysis Tool [CDAT](https://cdat.llnl.gov/), which uses the Python language. The examples in
this chapter assume some familiarity with the language and the Python
Numpy module (http://www.numpy.org). A number of excellent tutorials
on Python are available in books or on the Internet. For example, see
the Python Foundation’s homepage [https://python.org].




1.2. Variables

The basic unit of computation in CDMS is the variable. A variable is essentially a multidimensional data  array,
augmented with a domain, a set of attributes, and optionally a spatial and/or temporal coordinate system
(see Coordinate Axes). As a data array, a variable can be sliced to obtain a portion of the
data, and can be used in arithmetic computations. For example, if u and v are variables representing
the eastward and northward components of wind speed, respectively, and both variables are functions of time,
latitude, and longitude, then the velocity for time 0 (first index) can be calculated as:

>>> # wget "http://cdat.llnl.gov/cdat/sample_data/clt.nc"
>>> f1=cdms2.open("clt.nc")
>>> u = f1('u')
>>> v = f1('v')
>>> from cdms2 import MV2
>>> vel = MV2.sqrt(u[0]**2 + v[0]**2)





This illustrates several points:


	Square brackets represent the slice operator. Indexing starts at 0,
so u[0] selects from variable u for the first timepoint. The
result of this slice operation is another variable. The slice
operator can be multidimensional, and follows the syntax of Numpy
Python arrays. In this example, u[0:10,:,1] would retrieve data
for the first ten timepoints, at all latitudes, for the second
longitude.


	Variables can be used in computation. ** is the Python
exponentiation operator.


	Arithmetic functions are defined in the cdms2.MV2 module.


	Operations on variables carry along the corresponding metadata where
applicable. In the above example, vel has the same latitude and
longitude coordinates as u and v, and the time coordinate is
the first time of u and v.







1.3. File I/O

A variable can be obtained from a file or collection of files, or can be
generated as the result of a computation.

Files can be in any of theself- describing formats:


netCDF, HDF, GrADS/GRIB (GRIB with a GrADS control file),
or PCMDI DRS.




Note:    (HDF and DRS support is optional, and is configured at the time CDAT is installed.)

For instance, to read datafrom file sample.nc into variable u:

>>> # wget "http://cdat.llnl.gov/cdat/sample_data/clt.nc"
>>> f = cdms2.open('clt.nc')
>>> u = f('u')





Data can be read by index or by world coordinate values. The following
reads the n-th timepoint of u (the syntax slice(i,j) refers to indices k
such that i <= k < j):

>>> n = 0
>>> u0 = f('u',time=slice(n,n+1))





To read u at time 1.:

>>> u1 = f('u',time=1.)





A variable can be written to a file with the write function:

>>> g = cdms2.open('sample2.nc','w')
>>> g.write(u) 
<cdms2.fvariable.FileVariable object at ...
>>> g.close()








1.4. Coordinate Axes

A coordinate axis is a variable that represents coordinate information.
Typically an axis is associated with one or more variables in a file or
dataset, to represent the indexing and/or spatiotemporal coordinate
system(s) of the variable(s).

Often in climate applications an axis is a one-dimensional variable
whose values are floating-point and strictly monotonic. In some cases an
axis can be multidimensional (see Grids). If an axis is
associated with one of the canonical types latitude, longitude, level,
or time, then the axis is called temporal .

The shape and physical ordering of a variable is represented by the
variables domain , an ordered tuple of one-dimensional axes. In the
previous example, the domain of the variable u is the tuple (time,
latitude, longitude). This indicates the order of the dimensions, with
the slowest-varying dimension listed first (time). The domain may be
accessed with the getAxisList() method:

>>> u.getAxisList() 
[   id: time1
Designated a time axis.
units:  months since 1978-12
Length: 1
First:  1.0
Last:   1.0
Other axis attributes:
   calendar: gregorian
   axis: T
Python id:  ...
,    id: plev
Designated a level axis.
units:  hPa
Length: 2
First:  200.0
Last:   850.0
Other axis attributes:
   axis: Z
   realtopology: linear
Python id:  ...
,    id: latitude1
Designated a latitude axis.
units:  degrees_north
Length: 80
First:  -88.2884
Last:   88.2884
Other axis attributes:
   axis: Y
   realtopology: linear
Python id:  ...
,    id: longitude1
Designated a longitude axis.
units:  degrees_east
Length: 97
First:  -180.0
Last:   180.0
Other axis attributes:
   axis: X
   topology: circular
   modulo: 360.0
   realtopology: linear
Python id:  ...
]





In the above example, the domain elements are axes that are also
spatiotemporal. In general it is not always the case that an element of
a domain is spatiotemporal:


	An axis in the domain of a variable need not be spatiotemporal. For
example, it may represent a range of indices, an index coordinate
system.


	The latitude and/or longitude coordinate axes associated with a
variable need not be elements of the domain. In particular this will
be true if the variable is defined on a non-rectangular grid (see Grids).




As previously noted, a spatial and/or temporal coordinate system may be
associated with a variable. The methods getLatitude, getLongitude,
getLevel, and getTime return the associated coordinate axes. For
example:

>>> t = u.getTime()
>>> print t[:]
[ 1.]
>>> print t.units
months since 1978-12








1.5. Attributes

As mentioned above, variables can have associated attributes ,
name-value pairs. In fact, nearly all CDMS objects can have associated
attributes, which are accessed using the Python dot notation:

>>> u.units='m/s'
>>> print u.units
m/s





Attribute values can be strings, scalars, or 1-D Numpy arrays.

When a variable is written to a file, not all the attributes are
written. Some attributes, called internal attributes, are used for
bookkeeping, and are not intended to be part of the external file
representation of the variable. In contrast, external attributes are
written to an output file along with the variable. By default, when an
attribute is set, it is treated as external. Every variable has a field
attributes, a Python dictionary that defines the external attributes:

>>> print u.attributes.keys()
'name', 'title', 'tileIndex', 'date', 'source', 'time', 'units', 'type']





The Python dir command lists the internal attribute names:

>>> dir(u)
['T', '_FillValue', '_TransientVariable__domain', ..., 'view']





In general internal attributes should not be modified directly. One
exception is the id attribute, the name of the variable. It is used in
plotting and I/O, and can be set directly.




1.6. Masked Values

Optionally, variables have a mask that represents where data are
missing. If present, the mask is an array of ones and zeros having the
shape of the data array. A mask value of one indicates that the
corresponding data array element is missing or invalid.

Arithmetic operations in CDMS take missing data into account. The same
is true of the functions defined in the cdms2.MV2 module. For example:

>>> a = MV2.array([1,2,3]) # Create array a, with no mask
>>> b = MV2.array([4,5,6]) # Same for b
>>> a+b # variable_... array([5,7,9,]) 
variable_...
masked_array(data = [5 7 9],
         mask = False,
    fill_value = 999999)
>>>
>>>
>>> a[1]=MV2.masked # Mask the second value of a a.mask()
>>> a.mask
array([False,  True, False], dtype=bool)
>>> a+b # The sum is masked also 
variable_...
masked_array(data = [5 -- 9],
         mask = [False  True False],
    fill_value = 999999)





When data is read from a file, the result variable is masked if the file
variable has a missing_value attribute. The mask is set to one for
those elements equal to the missing value, zero elsewhere. If no such
attribute is present in the file, the result variable is not masked.

When a variable with masked values is written to a file, data values
with a corresponding mask value of one are set to the value of the
variables missing_value attribute. The data and missing_value
attribute are then written to the file.

Masking is covered in Section 2.9. See also the
documentation of the Python Numpy and MA modules, on which cdms2.MV2
is based, at

https://www.numpy.org/.




1.7. File Variables

A variable can be obtained either from a file, a collection of files, or
as the result of computation. Correspondingly there are three types of
variables in CDMS:


	file variable is a variable associated with a single data file.
Setting or referencing a file variable generates I/O operations.


	dataset variable is a variable associated with a collection of
files. Reference to a dataset variable reads data, possibly from
multiple files. Dataset variables are read-only.


	transient variable is an in-memory object not associated with a
file or dataset. Transient variables result from a computation or I/O
operation.




Typical use of a file variables is to inquire information about the
variable in a file without actually reading the data for the variables.
A file variable is obtained by applying the slice operator []  to a file,
passing the name of the variable, or by calling the getVariable
function.

Note That obtaining a file variable does not actually read the
data array:

>>> u = f.getVariable('u') # or u=f['u']
>>> u.shape
(1, 2, 80, 97)





File variables are also useful for fine-grained I/O. They behave like
transient variables, but operations on them also affect the associated
file. Specifically:


	slicing a file variable reads data,


	setting a slice writes data,


	referencing an attribute reads the attribute,


	setting an attribute writes the attribute,


	and calling a file variable like a function reads data associated
with the variable:




>>> import os
>>> os.system("cp clt.nc /tmp")
0
>>> f = cdms2.open('/tmp/clt.nc','a') # Open read/write
>>> uvar = f['u'] # Note square brackets
>>> uvar.shape
(1, 2, 80, 97)
>>> u0 = uvar[0] # Reads data from sample.nc
>>> u0.shape
(2, 80, 97)
>>> uvar[1]=u0 # Writes data to sample.nc
>>> uvar.units # Reads the attribute 'm/s'
'm/s'
>>> u24 = uvar(time=1.0) # Calling  a variable like a function reads data
>>> f.close() # Save changes to clt.nc (I/O may be buffered)





For transient variables, the data is printed only if the size of the array is less
than the print limit . This value can be set with the function
MV2.set_print_limit to force the data to be printed:

>>> MV2.get_print_limit() # Current limit 1000
1000
>>> smallvar  
small variable
masked_array(data =
  [[  0.   1.   2.   3.   4.]
  [  5.   6.   7.   8.   9.]
  [ 10.  11.  12.  13.  14.]
  [ 15.  16.  17.  18.  19.]],
   mask =
  False,
        fill_value = 999999.0)
>>> MV2.set_print_limit(100)
>>> largevar   
large variable
masked_array(data =
[[   0.    1.    2. ...,   17.   18.   19.]
[  20.   21.   22. ...,   37.   38.   39.]
[  40.   41.   42. ...,   57.   58.   59.]
...,
[ 340.  341.  342. ...,  357.  358.  359.]
[ 360.  361.  362. ...,  377.  378.  379.]
[ 380.  381.  382. ...,  397.  398.  399.]],
mask = False,
fill_value = 999999.0)





The datatype of the variable is determined with the typecode function:

>>> u.typecode()
'f'








1.8. Dataset Variables

The third type of variable, a dataset variable, is associated with a
dataset, a collection of files that is treated as a single file. A
dataset is created with the cdscan utility. This generates an XML
metafile that describes how the files are organized and what metadata
are contained in the files. In a climate simulation application, a
dataset typically represents the data generated by one run of a general
circulation or coupled ocean-atmosphere model.

For example, suppose data for variables u and v are stored in six files:


	u_2000.nc,


	u_2001.nc,


	u_2002.nc,


	v_2000.nc,


	v_2001.nc,


	v_2002.nc.




A metafile can be generated with the command:

$ cdscan -x cdsample.xml [uv]*.nc

The metafile cdsample.xml is then used like an ordinary data file:

>>> import os
>>> os.system("cdscan -x cdsample.xml [uv]*.nc")
0
>>> f = cdms2.open('cdsample.xml')
>>> u = f('u')
>>> u.shape
(3, 16, 32)








1.9. Grids

A latitude-longitude grid represents the coordinate information
associated with a variable. A grid encapsulates:


	latitude, longitude coordinates


	grid cell boundaries


	area weights




CDMS defines a rich set of grid types to represent the variety of
coordinate systems used in climate model applications. Grids can be
categorized as rectangular or nonrectangular.

A rectangular grid has latitude and longitude axes that are
one-dimensional, with strictly monotonic values. The grid is essentially
the Cartesian product of the axes. If either criterion is not met, the
grid is nonrectangular .

CDMS supports two types of nonrectangular grid:


	A curvilinear grid consists of a latitude and longitude axis, each of
which is a two-dimensional coordinate axis. Curvilinear grids are
often used in ocean model applications.


	A generic grid consists of a latitude and longitude axis, each of
which is an auxiliary one-dimensional coordinate axis. An auxiliary
axis has values that are not necessarily monotonic. As the name
suggests, generic grids can represent virtually any type of grid.
However, it is more difficult to determine adjacency relationships
between grid points.





1.9.1. Example: A Curvilinear Grid

In this example, variable sample is defined on a 128x192 curvilinear
grid. Note that:


	The domain of variable sample is ( y , x ) where y and x are index
coordinate axes.


	The curvilinear grid associated with sample consists of axes ( lat ,
lon ), each a two-dimensional coordinate axis.


	lat and lon each have domain ( y , x )




>>> f = cdms2.open('sampleCurveGrid4.nc')
>>> # lat and lon are coordinate axes, but are grouped with data variables
>>> f.variables.keys()
['lat', 'sample', 'bounds_lon', 'lon', 'bounds_lat']
>>> # y and x are index coordinate axes
>>> f.axes.keys()
['nvert', 'x', 'y']
>>> # Read data for variable sample
>>> sample = f('sample')
>>> # The associated grid g is curvilinear
>>> g = sample.getGrid()
>>> # The domain of the variable consists of index axes
>>> sample.getAxisIds()
['y', 'x']
>>> # Get the coordinate axes associated with the grid
>>> lat = g.getLatitude() # or sample.getLatitude()
>>> lon = g.getLongitude() # or sample.getLongitude()
>>> # lat and lon have the same domain, a subset of the domain of 'sample'
>>> lat.getAxisIds()
['y', 'x']
>>> # lat and lon are variables ...
>>> lat.shape
(32, 48)
>>> lat  
lat
masked_array(data =
[[-76.08465554 -76.08465554 -76.08465554 ..., -76.08465554 -76.08465554
-76.08465554]
[-73.92641847 -73.92641847 -73.92641847 ..., -73.92641847 -73.92641847
-73.92641847]
[-71.44420823 -71.44420823 -71.44420823 ..., -71.44420823 -71.44420823
-71.44420823]
...,
[ 42.32854943  42.6582209   43.31990211 ...,  43.3199019   42.65822088
42.32854943]
[ 42.70106429  43.05731498  43.76927818 ...,  43.76927796  43.05731495
42.70106429]
[ 43.0307341   43.41264383  44.17234165 ...,  44.17234141  43.41264379
43.0307341 ]],
mask = False, fill_value = 1e+20)
>>> lat_in_radians = lat*MV2.pi/180.0






[image: curvilinear grid]
Figure 1: Curvilinear Grid






1.9.2. Example: A Generic Grid

In this example variable zs is defined on a generic grid. Figure 2
illustrates the grid, in this case a geodesic grid:

>>> f.variables.keys()
['lat', 'sample', 'bounds_lon', 'lon', 'bounds_lat']
>>> f.axes.keys()
['nvert', 'x', 'y']
>>> zs = f('sample')
>>> g = zs.getGrid()
>>> g
<TransientCurveGrid, id: ..., shape: (32, 48)>
>>> lat = g.getLatitude()
>>> lon = g.getLongitude()
>>> lat.shape
(32, 48)
>>> lon.shape # variable zs is defined in terms of a single index coordinate
(32, 48)
>>> # axis, 'cell'
>>> zs.shape
(32, 48)
>>> zs.getAxisIds()
['y', 'x']
>>> # lat and lon are also defined in terms of the cell axis
>>> lat.getAxisIds()
['y', 'x']
>>> # lat and lon are one-dimensional, 'auxiliary' coordinate
>>> # axes: values are not monotonic
>>> lat.__class__
<class 'cdms2.coord.TransientAxis2D'>






[image: generic grid]
Figure 2: Generic Grid



Generic grids can be used to represent any of the grid types. The method
toGenericGrid can be applied to any grid to convert it to a generic
representation. Similarly, a rectangular grid can be represented as
curvilinear. The method toCurveGrid is used to convert a non-generic
grid to curvilinear representation:

>>> f = cdms2.open(cdat_info.get_sampledata_path()+'/clt.nc')
>>> clt = f('clt')
>>> rectgrid = clt.getGrid()
>>> rectgrid.shape
(46, 72)
>>> curvegrid = rectgrid.toCurveGrid()
>>> curvegrid
<TransientCurveGrid, id: ..., shape: (46, 72)>
>>> genericgrid = curvegrid.toGenericGrid()
>>> genericgrid
<TransientGenericGrid, id: ..., shape: (3312,)>










1.10. Regridding

Regridding is the process of mapping variables from one grid to another.
CDMS supports two forms of regridding. Which one you use depends on the
class of grids being transformed:


	To interpolate from one rectangular grid to another, use the built-in
CDMS regridder. CDMS also has built-in regridders to interpolate from
one set of pressure levels to another, or from one vertical
cross-section to another.


	To interpolate from any lat-lon grid, rectangular or non-rectangular,
use the SCRIP regridder.





1.10.1. CDMS Regridder

The built-in CDMS regridder is used to transform data from one
rectangular grid to another. For example, to regrid variable u (from
a rectangular grid) to a 96x192 rectangular Gaussian grid:

>>> f = cdms2.open('clt.nc')
>>> u = f('u')
>>> u.shape
(1, 2, 80, 97)
>>> t63_grid = cdms2.createGaussianGrid(96)
>>> u63 = u.regrid(t63_grid)
>>> u63.shape
(1, 2, 96, 192)





To regrid a variable uold to the same grid as variable vnew:

>>> f = cdms2.open('clt.nc')
>>> uold = f('u')
>>> unew = f2('uwnd')
>>> uold.shape
(1, 2, 80, 97)
>>> unew.shape
(1, 14, 181, 360)
>>> t63_grid = unew.getGrid() # Obtain the grid for vnew
>>> u63 = uold.regrid(t63_grid)
>>> u63.shape
(1, 2, 181, 360)








1.10.2. SCRIP Regridder

To interpolate between any lat-lon grid types, the SCRIP regridder may
be used. The SCRIP package was developed at [Los Alamos National
Laboratory] (http://oceans11.lanl.gov/drupal/Models/OtherSoftware).
SCRIP is written in Fortran 90, and must be built and installed
separately from the CDAT/CDMS installation.

The steps to regrid a variable are:

(External to CDMS)


	Obtain or generate the grids, in SCRIP netCDF format.


	Run SCRIP to generate a remapping file.




(In CDMS)


	Read the regridder from the SCRIP remapping file.


	Call the regridder with the source data, returning data on the target
grid.




Steps 1 and 2 need only be done once. The regridder can be used as often
as necessary.

For example, suppose the source data on a T42 grid is to be mapped to a
POP curvilinear grid. Assume that SCRIP generated a remapping file named
rmp_T42_to_POP43_conserv.nc:

>>> # Import regrid package for regridder functions
>>> import regrid2, cdms2

>>> # Get the source variable
>>> f = cdms2.open('sampleT42Grid.nc')
>>> dat = f('src_array')
>>> f.close()

>>> # Read the regridder from the remapper file
>>> remapf = cdms2.open('rmp_T42_to_POP43_conserv.nc')
>>> regridf = regrid2.readRegridder(remapf)
>>> remapf.close()

>>> # Regrid the source variable
>>> popdat = regridf(dat)





Regridding is discussed in Chapter 4.






1.11. Time Types

CDMS provides extensive support for time values in the cdtime module.
cdtime also defines a set of calendars, specifying the number of days
in a given month.

Two time types are available: relative time and component time .
Relative time is time relative to a fixed base time. It consists of:


	a units string, of the form "units since basetime" , and


	a floating-point value




For example, the time “28.0 days since 1996-1-1” has value= 28.0 , and
units=” days since 1996-1-1”. To create a relative time type:

>>> import cdtime
>>> rt = cdtime.reltime(28.0, "days since 1996-1-1")
>>> rt
28.000000 days since 1996-1-1
>>> rt.value
28.0
>>> rt.units
'days since 1996-1-1'





A component time consists of the integer fields year, month, day, hour,
minute, and the floating-point field second. For example:

>>> ct = cdtime.comptime(1996,2,28,12,10,30)
>>> ct
1996-2-28 12:10:30.0
>>> ct.year
1996
>>> ct.month
2





The conversion functions tocomp and torel convert between the two
representations. For instance, suppose that the time axis of a variable
is represented in units ” days since 1979”. To find the coordinate
value corresponding to January 1, 1990:

>>> ct = cdtime.comptime(1990,1)
>>> rt = ct.torel("days since 1979")
>>> rt.value
4018.0





Time values can be used to specify intervals of time to read. The syntax
time=(c1,c2) specifies that data should be read for times t such that
c1<=t<=c2:

>>> fh = cdms2.open(cdat_info.get_sampledata_path() + "/tas_6h.nc")
>>> c1 = cdtime.comptime(1980,1)
>>> c2 = cdtime.comptime(1980,2)
>>> tas = fh['tas']
>>> tas.shape
(484, 45, 72)
>>> x = tas.subRegion(time=(c1,c2))
>>> x.shape
(125, 45, 72)





or string representations can be used:

>>> fh = cdms2.open(cdat_info.get_sampledata_path() + "/tas_6h.nc")
>>> tas = fh['tas']
>>> x = tas.subRegion(time=('1980-1','1980-2'))





Time types are described in Chapter 3.




1.12. Plotting Data

Data read via the CDMS Python interface can be plotted using the vcs
module. This module, part of the Climate Data Analysis Tool (CDAT) is documented in the VCS reference manual. The
vcs module provides access to the functionality of the VCS visualization
program.

To generate a plot:


	Initialize a canvas with the vcs init routine.


	Plot the data using the canvas plot routine.




For example:

>>> import cdms2, vcs, cdat_info
>>> fh=cdms2.open(cdat_info.get_sampledata_path() + "/tas_cru_1979.nc")
>>> fh['time'][:] # Print the time coordinates
array([ 1476.,  1477.,  1478.,  1479.,  1480.,  1481.,  1482.,  1483.,
        1484.,  1485.,  1486.,  1487.])
>>>
>>> tas = fh('tas', time=1479)
>>> tas.shape
(1, 36, 72)
>>> w = vcs.init() # Initialize a canvas
>>> w.plot(tas) # Generate a plot
<vcs.displayplot.Dp object at...





By default for rectangular grids, a boxfill plot of the lat-lon slice is
produced. Since variable precip includes information on time, latitude,
and longitude, the continental outlines and time information are also
plotted. If the variable were on a non-rectangular grid, the plot would
be a meshfill plot.

The plot routine has a number of options for producing different types
of plots, such as isofill and x-y plots. See Chapter 5
for details.







            

          

      

      

    

  

    
      
          
            
  
2. CDMS Python Application Programming Interface


2.1. Overview

This chapter describes the CDMS Python application programming interface
(API). Python is a popular public-domain, object-oriented language. Its
features include support for object-oriented development, a rich set of
programming constructs, and an extensible architecture. CDMS itself is
implemented in a mixture of C and Python. In this chapter the assumption
is made that the reader is familiar with the basic features of the
Python language.

Python supports the notion of a module, which groups together associated
classes and methods. The import command makes the module accessible to
an application. This chapter documents the cdms, cdtime, and regrid
modules.

The chapter sections correspond to the CDMS classes. Each section
contains tables base. If no parent, the datapath is absolute.describing
the class internal (non-persistent) attributes, constructors (functions
for creating an object), and class methods (functions). A method can
return an instance of a CDMS class, or one of the Python types:


2.1.1. PythonTypes used in CDMS







	Type

	Description





	Array

	Numpy or masked multidimensional data array. All elements of the array are of the same type. Defined in the Numpy and MV2 modules.



	Comptime

	Absolute time value, a time with representation (year, month, day, hour, minute, second). Defined in the cdtime module. cf. reltime



	Dictionary

	An unordered 2,3 collection of objects, indexed by key. All dictionaries in CDMS are indexed by strings, e.g.: axes['time']



	Float

	Floating-point value.



	Integer

	Integer value.



	List

	An ordered sequence of objects, which need not be of the same type. New members can be inserted or appended. Lists are denoted with square brackets, e.g., [1, 2.0, 'x', 'y']



	None

	No value returned.



	Reltime

	Relative time value, a time with representation (value, units since basetime). Defined in the cdtime module. cf. comptime



	Tuple

	An ordered sequence of objects, which need not be of the same type. Unlike lists, tuples elements cannot be inserted or appended. Tuples are denoted with parentheses, e.g., (1, 2.0, 'x', 'y')











2.2. A First Example

The following Python script reads January and July monthly temperature
data from an input dataset, averages over time, and writes the results
to an output file. The input temperature data is ordered (time,
latitude, longitude).

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20

	>>> import cdms2, cdat_info
>>> from cdms2 import MV2
>>> jones = cdms2.open(cdat_info.get_sampledata_path()+'/tas_mo.nc')
>>> tasvar = jones['tas']
>>> jans = tasvar[0::12]
>>> julys = tasvar[6::12]
>>> janavg = MV2.average(jans)
>>> janavg.id = "tas_jan"
>>> janavg.long_name = "mean January surface temperature"
>>> julyavg = MV2.average(julys)
>>> julyavg.id = "tas_jul"
>>> julyavg.long_name = "mean July surface temperature"
>>> out = cdms2.open('janjuly.nc','w')
>>> out.write(janavg)
<cdms2.fvariable.FileVariable object...
>>> out.write(julyavg)
<cdms2.fvariable.FileVariable object...
>>> out.comment = "Average January/July from Jones dataset"
>>> jones.close()
>>> out.close()













	Line

	Notes





	2,3

	Makes the CDMS and MV modules available. MV defines arithmetic functions.



	4

	Opens a netCDF file read-only. The result jones is a dataset object.



	5

	
	Gets the surface air temperature variable. ‘tas’ is the name of the variable in the input dataset.
	This does not actually read the data.








	6

	
	Read all January monthly mean data into a variable jans.
	

	Variables can be sliced like arrays.


	The slice operator [0::12] means take every 12th slice from dimension 0, starting at index 0
and ending at the last index.


	If the stride 12 were omitted, it would default to 1.








	Note: That the variable is actually 3-dimensional.
	

	Since no slice is specified for the second or third dimensions, all values of those 2,3 dimensions are retrieved.


	The slice operation could also have been written [0::12, : , :].








	Also Note: That the same script works for multi-file datasets.
	
	CDMS opens the needed data files, extracts the appropriate slices, and concatenates them into the result array.



















	7

	Reads all July data into a masked array julys.



	8

	Calculate the average January value for each grid zone. Any missing data is handled automatically.



	9,10

	
	Set the variable id and long_name attributes.
	
	The id is used as the name of the variable when plotted or written to a file.











	14

	Create a new netCDF output file named ‘janjuly.nc’ to hold the results.



	15

	
	Write the January average values to the output file.
	
	The variable will have id “tas_jan” in the file. write is a utility function which creates the variable in
the file, then writes data to the variable.


	A more general method of data output is first to create a variable, then set a slice of the variable.





	Note: That janavg and julavg have the same latitude and longitude information as tasvar.
	It is carried along with the computations.












	17

	Set the global attribute ‘comment’.



	18

	Close the output file.









2.3. Cdms Module

The Cdms Module is the Python interface to CDMS. The objects and methods
in this chapter are made accessible with the command:

>>> import cdms2





The functions described in this section are not associated with a class.
Rather, they are called as module functions, e.g.,

>>> file = cdms2.open('sample.nc')






2.3.1. Cdms Module Functions







	Type

	Definition





	Variable

	
	asVariable(s):
	
	Transform s into a transient variable.
	
	s is a masked array, Numpy array, or Variable.


	If s is already a transient variable, s is returned.


	See also: isVariable.















	Axis

	
	createAxis(data, bounds=None):
	
	Create a one-dimensional coordinate Axis, which is not associated with a file or dataset.
	
	This is useful for creating a grid which is not contained in a file or dataset.
	
	data is a one-dimensional, monotonic Numpy array.


	bounds is an array of shape (len(data),2), such that for all i


	data[i] is in the range [bounds[i,0],bounds[i,1] ].






	Note:
	

	If bounds is not specified, the default boundaries are generated at
the midpoints between the consecutive data values, provided that the
autobounds mode is ‘on’ (the default).








	See setAutoBounds.


	Also see: CdmsFile.createAxis



















	Axis

	
	createEqualAreaAxis(nlat):
	
	Create an equal-area latitude axis.
	
	The latitude values range from north to south, and for all axis values
	
	x[i], sin(x[i])sin(x[i+1]) is constant.
	
	nlat is the axis length.












Note: The axis is not associated with a file or dataset.












	Axis

	
	createGaussianAxis(nlat):
	
	Create a Gaussian latitude axis.
	
	Axis values range from north to south.
	
	nlat is the axis length.








Note: The axis is not associated with a file or dataset.












	RectGrid

	
	createGaussianGrid(nlats, xorigin=0.0, order='yx'):
	
	Create a Gaussian grid, with shape (nlats, 2*nlats).
	
	nlats is the number of latitudes.


	xorigin is the origin of the longitude axis.


	order is either ‘yx’ (lat-lon, default) or ‘xy’ (lon-lat)





















2.3.2. Cdms Module Functions(cont’d)







	Type

	Definition





	RectGrid

	
	createGenericGrid(latArray, lonArray, latBounds=None
	
lonBounds=None, order='yx', mask=None):




Create a generic grid, that is, a grid which is not typed as Gaussian, uniform,
or equal-area.



	The grid is not associated with a file or dataset.
	
	latArray is a NumPy array of latitude values.


	lonArray is a NumPy array of longitude values.


	latBounds is a NumPy array having shape (len(latArray),2), of latitude boundaries.


	lonBounds is a NumPy array having shape (len(lonArray),2), of longitude boundaries.


	
	order is a string specifying the order of the axes, either ‘yx’ for (latitude,
	longitude), or ‘xy’ for the reverse.







	mask (optional) is an integer-valued NumPy mask array, having the same shape and
ordering as the grid.


















	RectGrid

	
	createGlobalMeanGrid(grid):
	
	Generate a grid for calculating the global mean via a regridding operation.
	
	The return grid is a single zone covering the range of he input grid.
	
	grid is a RectGrid.



















	RectGrid

	
	createRectGrid(lat, lon, order, type='generic', mask=None):
	
	Create a rectilinear grid, not associated with a file or dataset.
	
	This might be used as the target grid for a regridding operation.
	
	lat is a latitude axis, created by cdms2.createAxis.


	lon is a longitude axis, created by cdms2.createAxis.


	order is a string with value ‘yx’ (the first grid dimension is latitude) or ‘xy’
(the first grid dimension is longitude).


	type is one of ‘gaussian’,’uniform’,’equalarea’,or ‘generic’.





	Note: If specified, mask is a two-dimensional, logical Numpy array (all values
	are zero or one) with the same shape as the grid.




















	RectGrid

	
	createUniformGrid(startLat, nlat, deltaLat,
	
start-Lon, nlon, deltaLon, order='yx', mask=None)





	Create a uniform rectilinear grid.
	The grid is not associated with a file or dataset.
The grid boundaries are at the midpoints of the axis values.



	startLat is the starting latitude value.


	nlat is the number of latitudes.


	If nlat is 1, the grid latitude boundaries will be startLat +/- deltaLat/2.


	deltaLat is the increment between latitudes.


	startLon is the starting longitude value.


	nlon is the number of longitudes.


	If nlon is 1, the grid longitude boundaries will be startLon +/- deltaLon/2.


	deltaLon is the increment between longitudes.


	order is a string with value ‘yx. (the first grid dimension is latitude) or .xy.
(the first grid dimension is longitude).





	Note: If specified, mask is a two-dimensional, logical Numpy array (all values
	are zero or one) with the same shape as the grid.

























2.3.3. Cdms Module Functions(cont’d)







	Type

	Definition





	Axis

	
	createUniformLatitudeAxis(startLat , nlat, deltaLat):
	
	Create a uniform latitude axis.
	The axis boundaries are at the midpoints of the axis values.
The axis is designated as a circular latitude axis.



	startLat is the starting latitude value.


	nlat is the number of latitudes.


	deltaLat is the increment between latitudes.


















	RectGrid

	
	createZonalGrid(grid):
	
	Create a zonal grid.
	The output grid has the same latitude as the input grid, and a single longitude.
This may be used to calculate zonal averages via a regridding operation.



	grid is a RectGrid.


















	Axis

	
	createUniformLongitudeAxis(startLon, nlon, delta-Lon):
	
	Create a uniform longitude axis.
	The axis boundaries are at the midpoints of the axis values.
The axis is designated as a circular longitude axis.



	startLon is the starting longitude value.


	nlon is the number of longitudes.


	deltaLon is the increment between longitudes.


















	Variable

	createVariable(array, typecode=None, copy=0, savespace=0, mask=None, fill_value=None, grid=None, axes=None , attributes=None, id=None):



	Integer

	
	getAutoBounds():
	
	Get the current autobounds mode.
	
	Returns 0, 1, or 2.


	See setAutoBounds.















	Integer

	
	isVariable(s):
	
	Return 1 if s is a variable, 0 otherwise.


	See also: asVariable.

















2.3.4. Cdms Module Functions(cont’d)







	Type

	Definition





	Dataset

	
	open(url,mode='r'):
	
	Open or create a Dataset or CdmsFile.
	

	url is a Uniform Resource Locator, referring to a cdunif or XML file.


	If the URL has the extension ‘.xml’ or ‘.cdml’, a Dataset is returned, otherwise
a CdmsFile is returned.


	If the URL protocol is ‘http’, the file must be a ‘.xml’ or ‘.cdml’ file, and the mode must be ‘r’.


	If the protocol is ‘file’ or is omitted, a local file or dataset is opened.


	mode is the open mode.  See Open Modes








	Example:
	Open an existing dataset: f = cdms2.open('sampleset.xml')



	Example:
	Create a netCDF file: f = cdms2.open('newfile.nc','w')
















	List

	
	order2index (axes, orderstring):
	
	Find the index permutation of axes to match order.
	
	Return a list of indices.


	axes is a list of axis objects.


	orderstring is defined as in orderparse.















	List

	
	orderparse(orderstring):
	
	Parse an order string.
	
	Returns a list of axes specifiers.






	orderstring consists of:
	
	Letters t, x, y, z meaning time, longitude, latitude, level


	Numbers 0-9 representing position in axes


	Dash (-) meaning insert the next available axis here.


	The ellipsis … meaning fill these positions with any remaining axes.


	(name) meaning an axis whose id is name




























2.3.5. Cdms Module Functions(cont’d)







	Type

	Definition





	None

	
	setAutoBounds(mode):
	
	Set autobounds mode.
	In some circumstances CDMS can generate boundaries for 1-D axes and rectilinear grids, when
the bounds are not explicitly defined.
The autobounds mode determines how this is done:



	If mode is 'grid' or 2 (the default), the getBounds method will automatically
generate boundary information for an axis or grid if the axis is designated as a latitude or
longitude axis, and the boundaries are not explicitly defined.


	If mode is 'on' or 1, the getBounds method will automatically generate boundary
information for an axis or grid, if the boundaries are not explicitly defined.


	If mode is 'off' or 0, and no boundary data is explicitly defined, the bounds will
NOT be generated; the getBounds method will return None for the boundaries.




Note: In versions of CDMS prior to V4.0, the default mode was 'on'.















	None

	
	setClassifyGrids(mode):
	
	Set the grid classification mode.
	This affects how grid type is determined, for the purpose of generating grid
boundaries.



	If mode is 'on' (the default), grid type is determined by a grid classification method,





regardless of the value of grid.get-Type().





	If mode is 'off', the value of grid.getType() determines the grid type.


















	None

	
	writeScripGrid(path, grid, gridTitle=None):
	
	Write a grid to a SCRIP grid file.
	
	path is a string, the path of the SCRIP file to be created.


	grid is a CDMS grid object. It may be rectangular. gridTitle is a string ID for the grid.





















2.3.6. Class Tags







	Tag

	Class





	‘axis’

	Axis



	‘database’

	Database



	‘dataset’

	Dataset, CdmsFile



	‘grid’

	RectGrid



	‘variable’

	Variable



	‘xlink’

	Xlink











2.4. CdmsObj

A CdmsObj is the base class for all CDMS database objects. At the
application level, CdmsObj objects are never created and used directly.
Rather the subclasses of CdmsObj (Dataset, Variable, Axis, etc.) are the
basis of user application programming.

All objects derived from CdmsObj have a special attribute .attributes.
This is a Python dictionary, which contains all the external
(persistent) attributes associated with the object. This is in contrast
to the internal, non-persistent attributes of an object, which are
built-in and predefined. When a CDMS object is written to a file, the
external attributes are written, but not the internal attributes.


2.4.1. Attributes Common to All CDMS Objects








	Type

	Name

	Definition





	Dictionary

	attributes

	External attribute dictionary for this object.









2.4.2. Getting and Setting Attributes







	Type

	Definition





	various

	
	value = obj.attname
	
	Get an internal or external attribute value.
	
	If the attribute is external, it is read from the database.


	If the attribute is not already in the database, it is created as an external attribute.




Note:  Internal attributes cannot be created, only referenced.












	various

	
	obj.attname = value
	
	Set an internal or external attribute value.
	
	If the attribute is external, it is written to the database.























2.5. CoordinateAxis

A CoordinateAxis is a variable that represents coordinate information.
It may be contained in a file or dataset, or may be transient
(memoryresident). Setting a slice of a file CoordinateAxis writes to the
file, and referencing a file CoordinateAxis slice reads data from the
file. Axis objects are also used to define the domain of a Variable.

CDMS defines several different types of CoordinateAxis objects. See MV module
documents methods that are common to all CoordinateAxis
types. See HorizontalGrid specifies methods that are unique to 1D
Axis objects.


2.5.1. CoordinateAxis Types







	Type

	Definition





	CoordinateAxis

	
	A variable that represents coordinate information.
	
	Has subtypes Axis2D and AuxAxis1D.











	Axis

	
	A one-dimensional coordinate axis whose values are strictly monotonic.
	
	Has subtypes DatasetAxis, FileAxis, and TransientAxis.


	May be an index axis, mapping a range of integers to the equivalent floating point value.


	If a latitude or longitude axis, may be associated with a RectGrid.











	Axis2D

	
	A two-dimensional coordinate axis, typically a latitude or longitude axis related
	
to a CurvilinearGrid.





	Has subtypes DatasetAxis2D, FileAxis2D, and TransientAxis2D.











	AuxAxis1D

	
	A one-dimensional coordinate axis whose values need not be monotonic.
	
	Typically a latitude or longitude axis associated with a GenericGrid.


	Has subtypes DatasetAuxAxis1D, FileAuxAxis1D, and TransientAuxAxis1D.


	An axis in a CdmsFile may be designated the unlimited axis, meaning that it can
be extended in length after the initial definition.


	There can be at most one unlimited axis associated with a CdmsFile.

















2.5.2. CoordinateAxis Internal Attributes








	Type

	Name

	Definition





	Dictionary

	attributes

	External attribute dictionary.



	String

	id

	CoordinateAxis identifier.



	Dataset

	parent

	The dataset which contains the variable.



	Tuple

	shape

	The length of each axis.









2.5.3. Axis Constructors







	Constructor

	Description





	cdms2.createAxis (data, bounds=None)

	
	Create an axis which is not associated with a dataset or file.
	
	See A First Example.











	Dataset.createAxis (name,ar)

	Create an Axis in a Dataset. (This function is not yet implemented.)



	CdmsFile.createAxis (name,ar,unlimited=0)

	
	Create an Axis in a Cdms2File.
	
	name is the string name of the Axis.


	ar is a 1-D data array which defines the Axis values.


	It may have the value None if an unlimited axis is being defined.


	At most one Axis in a Cdms2File may be designated as being unlimited, meaning that it may
be extended in length.
To define an axis as unlimited, either:



	
	set ar to None, and leave unlimited undefined, or






	
	set ar to the initial 1-D array, and set unlimited to cdms2.Unlitmited






	cdms2.createEqualAreaAxis(nlat)


	See A First Example.


	cdms2.createGaussianAxis(nlat)


	See A First Example.


	cdms2.createUniformLatitudeAxis(startlat, nlat, deltalat)


	See A First Example.


	cdms2.createUniformLongitudeAxis(startlon, nlon, deltalon)


	See A First Example .































2.5.4. CoordinateAxis Methods








	Type

	Method

	Definition





	Array

	array = axis[i:j]

	
	Read a slice of data from the external file or dataset.
	
	Data is returned in the physical ordering defined in the dataset.


	See Variable Slice Operators for a description of slice operators.











	None

	axis[i:j] = array

	
	Write a slice of data to the external file.
	
	Dataset axes are read-only.











	None

	assignValue(array)

	
	Set the entire value of the axis.
	
	array is a Numpy array, of the same dimensionality as the axis.











	Axis

	clone(copyData=1)

	
	Return a copy of the axis, as a transient axis.
	
	If copyData is 1 (the default) the data itself is copied.











	None

	designateLatitude (persistent=0)

	
	Designate the axis to be a latitude axis.
	
	If persistent is true, the external file or dataset (if any) is modified.


	By default, the designation is temporary.











	None

	designateLevel (persistent=0)

	
	Designate the axis to be a vertical level axis.
	
	If persistent is true, the external file or dataset (if any) is modified.


	By default, the designation is temporary.











	None

	designateLongitude (persistent=0, modulo=360.0)

	
	Designate the axis to be a longitude axis.
	
	modulo is the modulus value.


	Any given axis value x is treated as equivalent to x + modulus.


	If persistent is true, the external file or dataset (if any) is modified.


	By default, the designation is temporary.











	None

	designateTime (persistent=0, calendar = cdtime.MixedCalendar)

	
	Designate the axis to be a time axis.
	
	If persistent is true, the external file or dataset (if any) is modified.


	By default, the designation is temporary.


	calendar is defined as in getCalendar().

















2.5.5. CoordinateAxis Methods(cont’d)








	Type

	Method

	Definition





	Array

	getBounds()

	
	Get the associated boundary array.
	
	The shape of the return array depends on the type of axis:
	
	Axis: (n,2)


	Axis2D: (i,j,4)


	AuxAxis1D: (ncell, nvert) where nvert is the maximum number of vertices of a cell.






	If the boundary array of a latitude or longitude
	
	Axis is not explicitly defined, and autoBounds mode                                                        is on, a default array is generated by calling genGenericBounds.


	Otherwise if auto-Bounds mode is off, the return value is None.


	See setAutoBounds.















	Integer

	getCalendar()

	
	Returns the calendar associated with the (time)axis.
	
	Possible return values, as defined in the cdtime module, are:
	
	cdtime.GregorianCalendar: the standard Gregorian calendar


	cdtime.MixedCalendar: mixed Julian/Gregorian calendar


	cdtime.JulianCalendar: years divisible by 4 are leap years


	cdtime.NoLeapCalendar: a year is 365 days


	cdtime.Calendar360: a year is 360 days


	None: no calendar can be identified




Note:  If the axis is not a time axis, the global, file-related                                                  calendar is returned.












	Array

	getValue()

	Get the entire axis vector.



	Integer

	isLatitude()

	Returns true iff the axis is a latitude axis.



	Integer

	isLevel()

	Returns true iff the axis is a level axis.



	Integer

	isLongitude()

	Returns true iff the axis is a longitude axis.



	Integer

	isTime()

	Returns true iff the axis is a time axis.



	Integer

	len(axis)

	
	The length of the axis if one-dimensional.
	
	If multidimensional, the length of the first dimension.











	Integer

	size()

	The number of elements in the axis.



	String

	typecode()

	The Numpy datatype identifier.









2.5.6. Axis Methods, Additional to CoordinateAxis








	Type

	Method

	Definition





	List of component times

	asComponentTime (calendar=None)

	
	Array version of cdtime tocomp.
	
	Returns a List of component times.











	List of relative times

	asRelativeTime()

	
	Array version of cdtime torel.
	
	Returns a List of relative times.











	None

	designate Circular( modulo, persistent=0)

	
	Designate the axis to be circular.
	
	modulo is the modulus value.


	Any given axis value x is treated as equivalent to x + modulus.


	If persistent is True, the external file or dataset (if any) is modified.


	By default, the designation is temporary.











	Integer

	isCircular()

	
	Returns True if the axis has circular topology.
	
	An axis is defined as circular if:
	
	axis.topology == 'circular', or


	axis.topology is undefined, and the axis is a longitude.


	The default cycle for circular axes is 360.0















	Integer

	isLinear()

	Returns True if the axis has a linear representation.



	Tuple

	mapInterval (interval)

	Same as mapIntervalExt, but returns only the tuple
(i,j), and wraparound is restricted to one cycle.









2.5.7. Axis Methods, Additional to CoordinateAxis(cont’d)








	Type

	Method

	Definition





	(i,j,k)

	mapIntervalExt (interval)

	Map a coordinate interval to an index
interval. interval is a tuple having one of the forms:



	(x,y)


	(x,y,indicator)


	(x,y,indicator,cycle)


	None or ':'







Where x and y are coordinates indicating the
interval [x,y], and:



	indicator is a two or three-character string, where the first character is 'c' if
the interval is closed on the left, 'o' if open, and the second character has the same
meaning for the right-hand point. If present, the third character specifies how the interval
should be intersected with the axis


	'n' - select node values which are contained in the interval


	'b' -select axis elements for which the corresponding cell boundary intersects the interval


	'e' - same as n, but include an extra node on either side


	's' - select axis elements for which the cell boundary is a subset of the interval


	The default indicator is ‘ccn’, that is, the interval is closed, and nodes in the interval are selected.


	If cycle is specified, the axis is treated as circular with the given cycle value.


	By default, if axis.isCircular() is true, the axis is treated as circular with a default modulus of 360.0.


	An interval of None or ':' returns the full index interval of the axis.


	The method returns the corresponding index interval as a 3tuple (i,j,k), where k is the integer stride,
and [i.j) is the half-open index interval i <= k < j (i >= k > j if k < 0), or none if the
intersection is empty.


	If 0 <= i < n and 0 <= j <= n, the interval does not wrap around the axis endpoint.


	Otherwise the interval wraps around the axis endpoint.


	See also: mapinterval, variable.subregion()










	transient axis

	subaxis(i,j,k=1)

	Create an axis associated with the integer range
[i:j:k].



	The stride k can be positive or negative.


	Wraparound is supported for longitude dimensions or those with a modulus attribute.
















2.5.8. Axis Slice Operators







	Slice

	Definition





	[i]

	The ith element, starting with index 0



	[i:j]

	The ith element through, but not including, element j



	[i:]

	The ith element through and including the end



	[:j]

	The beginning element through, but not including, element j



	[:]

	The entire array



	[i:j:k]

	Every kth element, starting at i, through but not including j



	[-i]

	
	The ith element from the end. -1 is the last element.
	

	Example: a longitude axis has value
	
	[0.0, 2.0, ..., 358.0]


	of length 180












	Map the coordinate interval:
	
	-5.0 <= x < 5.0  to index interval(s), with wraparound. the result index interval


	-2 <= n < 3 wraps around, since


	-2 < 0,  and has a stride of 1


	This is equivalent to the two contiguous index intervals


	2 <= n < 0 and 0 <= n < 3



















2.5.8.1. Example 1

>>> axis.isCircular()
1
>>> axis.mapIntervalExt((-5.0,5.0,'co'))
(-2,3,1)












2.6. CdmsFile

A CdmsFile is a physical file, accessible via the cdunif
interface. netCDF files are accessible in read-write mode. All other
formats (DRS, HDF, GrADS/GRIB, POP, QL) are accessible read-only.

As of CDMS V3, the legacy cuDataset interface is also supported by
Cdms-Files. See “cu Module”.


2.6.1. CdmsFile Internal Attributes








	Type

	Name

	Definition





	Dictionary

	attributes

	Global, external file attributes



	Dictionary

	axes

	Axis objects contained in the file.



	Dictionary

	grids

	Grids contained in the file.



	String

	id

	File pathname.



	Dictionary

	variables

	Variables contained in the file.









2.6.2. CdmsFile Constructors







	Constructor

	Description





	Constructor

	Description



	fileobj = cdms2.open(path, mode)

	
	Open the file specified by path returning a CdmsFile object.
	
	path is the file pathname, a string.


	mode is the open mode indicator, as listed in Open Modes.











	fileobj = cdms2.createDataset(path)

	Create the file specified by path, a string.









2.6.3. CdmsFile Methods








	Type

	Method

	Definition





	Transient-Variable

	fileobj(varname, selector)

	Calling a CdmsFile object as a function reads the
region of data specified by the selector.



The result is a transient variable, unless raw = 1 is specified.
See Selectors.




Example: The following reads data for variable ‘prc’,
year 1980:

>>> f = cdms2.open('test.nc')
>>> x = f('prc', time=('1980-1','1981-1'))











	Variable, Axis, or Grid

	fileobj['id']

	
	Get the persistent variable, axis or grid object
	
	having the string identifier.
	This does not read the data for a variable.



	Example: The following gets the persistent variable v,  equivalent to
	>>> v = f.variables['prc']
>>> f = cdms2.open('sample.nc')
>>> v = f['prc']







	Example: The following gets the axis named time, equivalent to
	>>> t = f.axes['time']
>>> t = f['time']
















	None

	close()

	Close the file.



	Axis

	copyAxis(axis, newname=None)

	
	Copy axis values and attributes to a new axis in the file.
	The returned object is persistent: it can be used to
write axis data to or read axis data from the file.



	If an axis already exists in the file, having the same name and coordinate values, it is returned.


	It is an error if an axis of the same name exists, but with different coordinate values.


	axis is the axis object to be copied.


	newname, if specified, is the string identifier of the new axis object.


	If not specified, the identifier of the input axis is used.




















2.6.4. CdmsFile Methods(cont’d)








	Type

	Method

	Definition





	Grid

	copyGrid(grid, newname=None)

	
	Copy grid values and attributes to a new grid in the file.
	
	The returned grid is persistent.
	
	If a grid already exists in the file, having the same name and axes, it is returned.


	An error is raised if a grid of the same name exists, having different axes.


	grid is the grid object to be copied.


	newname, if specified is the string identifier of the new grid object.


	If unspecified, the identifier of the input grid is used.















	Axis

	createAxis(id,ar, unlimited=0)

	
	Create a new Axis.
	This is a persistent object which can be used to read
or write axis data to the file.



	id is an alphanumeric string identifier, containing no blanks.


	ar is the one-dimensional axis array.


	Set unlimited to cdms2.Unlimited to indicate that the axis is extensible.














	RectGrid

	createRectGrid (id,lat, lon,order,type='generic', mask=None)

	Create a RectGrid
in the file.


This is not a persistent object: the order, type, and mask are not written to the file. However,
the grid may be used for regridding operations.



	lat is a latitude axis in the file.


	lon is a longitude axis in the file.


	order is a string with value 'yx' (the latitude) or 'xy' (the first grid dimension
is longitude).


	type is one of 'gaussian','uniform','equalarea' , or 'generic'.


	If specified, mask is a two-dimensional, logical Numpy array (all values are zero or one)
with the same shape as the grid.



















2.6.5. CdmsFile Methods(cont’d)








	Type

	Method

	Definition





	Variable

	createVariable (Stringid,String datatype,Listaxes,fill_value=None)

	
	Create a new Variable.
	This is a persistent object which can be used to read
or write variable data to the file.



	id is a String name which is unique with respect to all other objects in the file.


	datatype is an MV2 typecode, e.g., MV2.Float, MV2.Int.


	axes is a list of Axis and/or Grid objects.


	fill_value is the missing value (optional).














	Variable

	createVariableCopy (var, newname=None)

	
	Create a new Variable, with the same name, axes, and
	attributes as the input variable. An error is raised if a
variable of the same name exists in the file.




	var is the Variable to be copied.


	newname, if specified is the name of the new variable.


	If unspecified, the returned variable has the same name as var.







Note: Unlike copyAxis, the actual data is not copied to the new variable.











	CurveGrid or Generic-Grid

	readScripGrid (self,whichGrid= 'destination',check-Grid=1)

	
	Read a curvilinear or generic grid from a SCRIP netCDF file.
	The file can be a SCRIP grid file or remapping file.
* If a mapping file, whichGrid chooses the grid to read, either 'source' or 'destination'.
* If checkGrid is 1 (default), the grid cells are checked for convexity, and ‘repaired’ if necessary.
* Grid cells may appear to be nonconvex if they cross a 0 / 2pi boundary.
* The repair consists of shifting the cell vertices to the same side modulo 360 degrees.














2.6.6. CdmsFile Methods(cont’d)








	Type

	Method

	Definition





	None

	sync()

	Writes any pending changes to the file.



	Variable

	write(var,attributes=None,axes=None, extbounds=None,id=None,extend=None, fill_value=None, index=None, typecode=None)

	
	Write a variable or array to the file.
	
	The return value is the associated file variable.
	
	If the variable does not exist in the file, it is first defined and all attributes written, then the data is written.


	By default, the time dimension of the variable is defined as the unlimited dimension of the file.


	If the data is already defined, then data is extended or overwritten depending on the value of keywords extend and index, and the unlimited dimension values associated with var.


	var is a Variable, masked array, or Numpy array.


	attributes is the attribute dictionary for the variable. The default is var.attributes.


	axes is the list of file axes comprising the domain of the variable.


	The default is to copy var.getAxisList().


	extbounds is the unlimited dimension bounds. Defaults to var.getAxis(0).getBounds().


	id is the variable name in the file.  Default is var.id.


	extend = 1 causes the first dimension to be unlimited: iteratively writeable.


	The default is None, in which case the first dimension is extensible if it is time.Set to 0 to turn off this behaviour.


	fill_value is the missing value flag.


	index is the extended dimension index to write to. The default index is determined by lookup relative to the existing extended dimension.




Note: Data can also be written by setting a slice of a file variable, and attributes can be written by setting an attribute of a file variable.


















2.6.7. CDMS Datatypes







	CDMS Datatype

	Definition





	CdChar

	character



	CdDouble

	double-precision floating-point



	CdFloat

	floating-point



	CdInt

	integer



	CdLong

	long integer



	CdShort

	short integer











2.7. Dataset

A Dataset is a virtual file. It consists of a metafile, in CDML/XML
representation, and one or more data files.

As of CDMS V3, the legacy cuDataset interface is supported by Datasets.
See “cu Module”.


2.7.1. Dataset Internal Attributes








	Type

	Name

	Description





	Dictionary

	attributes

	Dataset external attributes.



	Dictionary

	axes

	Axes contained in the dataset.



	String

	datapath

	Path of data files, relative to the parent database. If no parent, the datapath is absolute.



	Dictionary

	grids

	Grids contained in the dataset.



	String

	mode

	Open mode.



	Database

	parent

	Database which contains this dataset. If the dataset is not part of a database, the value is None.



	String

	uri

	Uniform Resource Identifier of this dataset.



	Dictionary

	variables

	Variables contained in the dataset.



	Dictionary

	xlinks

	External links contained in the dataset.









2.7.2. Dataset Constructors







	Constructor

	Description





	datasetobj = cdms2.open(String uri, String mode='r')

	Open the dataset specified by the Universal Resource Indicator, a CDML file. Returns a Dataset object. mode is one of the indicators listed in Open Modes . openDataset is a synonym for open









2.7.3. Open Modes







	Mode

	Definition





	‘r’

	read-only



	‘r+’

	read-write



	‘a’

	read-write. Open the file if it exists, otherwise create a new file



	‘w’

	Create a new file, read-write









2.7.4. Dataset Methods








	Type

	Definition

	Description





	Transient-Variable

	datasetobj(varname, selector)

	
	Calling a Dataset object as a function
	reads the region of data defined by the selector. The result is a transient variable, unless
raw = 1 is specified. See <#selectors>`_.


Example: The following reads data for variable
‘prc’, year 1980:

>>> f = cdms2.open('test.xml')
>>> x = f('prc', time=('1980-1','1981-1'))















	Variable, Axis, or Grid

	datasetobj['id']

	
	The square bracket operator applied to a dataset gets
	the persistent variable, axis or grid object having the string identifier. This does not read the data for
a variable. Returns None if not found.



	Example:
	>>> f = cdms2.open('sample.xml')
>>> v = f['prc']
* gets the persistent variable v, equivalent to ``v =f.variab les['prc']``.







	Example:
	>>> t = f['time'] gets the axis named 'time', equivalent to
>>> t = f.axes['time']



















	None

	close()

	Close the dataset.



	RectGrid

	createRectGrid(id, lat, lon,order, type='generic', mask=None)

	
	Create a RectGrid in the dataset.
	This is not a persistent object: the order, type, and mask are not written to the dataset. However, the grid may
be used for regridding operations.



	lat is a latitude axis in the dataset.


	lon is a longitude axis in the dataset.


	order is a string with value ‘yx’ (the first grid dimension is latitude) or ‘xy’ (the first grid dimension is longitude).


	type is one of ‘gaussian’,’uniform’,’eq ualarea’,or ‘generic’


	If specified, mask is a two-dimensional, logical Numpy array (all values are zero or one) with the same shape as the grid.




















2.7.5. Dataset Methods(Cont’d)








	Type

	Definition

	Description





	Axis

	getAxis(id)

	
	Get an axis object from the file or dataset.
	
	id is the string axis identifier.











	Grid

	getGrid(id)

	
	Get a grid object from a file or dataset.
	
	id is the string grid identifier.











	List

	getPaths()

	Get a sorted list of pathnames of datafiles which comprise the dataset. This does not include the XML metafile path, which is stored in the .uri attribute.



	Variable

	getVariable(id)

	
	Get a variable object from a file or dataset.
	
	id is the string variable identifier.











	CurveGrid or GenericGrid

	readScripGrid(self, whichGrid=' destination', check-orGeneric -Grid=1)

	
	Read a curvilinear orgeneric grid from a SCRIP dataset.
	
	The dataset can be a SCRIP grid file or remappingfile.


	If a mapping file, whichGrid chooses the grid to read, either 'source' or 'destination'.


	If checkGrid is 1 (default), the grid cells are checked for convexity, and ‘repaired’ if necessary.  Grid cells may appear to be nonconvex if they cross a 0 / 2pi boundary. The repair consists of shifting the cell vertices to the same side modulo 360 degrees.











	None

	sync()

	Write any pending changes to the dataset.











2.8. MV Module

The fundamental CDMS data object is the variable. A variable is
comprised of:


	a masked data array, as defined in the NumPy MV module.


	a domain: an ordered list of axes and/or grids.


	an attribute dictionary.




The MV module is a work-alike replacement for the MV module, that
carries along the domain and attribute information where appropriate. MV
provides the same set of functions as MV2. However, MV functions generate
transient variables as results. Often this simplifies scripts that
perform computation. MV is part of the Python Numpy package,
documented at http://www.numpy.org.

MV can be imported with the command:

>>> import MV2





The command

>>> from MV2 import *





Allows use of MV commands without any prefix.

Table Variable Constructors in module MV2,  lists the constructors in MV. All functions return
a transient variable. In most cases the keywords axes, attributes, and
id are available. Axes is a list of axis objects which specifies the
domain of the variable. Attributes is a dictionary. id is a special
attribute string that serves as the identifier of the variable, and
should not contain blanks or non-printing characters. It is used when
the variable is plotted or written to a file. Since the id is just an
attribute, it can also be set like any attribute:

>>> var.id = 'temperature'





For completeness MV provides access to all the MV functions. The
functions not listed in the following tables are identical to the
corresponding MV function: allclose, allequal,
common_fill_value, compress, create_mask, dot, e,
fill_value, filled, get_print_limit, getmask,
getmaskarray, identity, indices, innerproduct, isMV2,
isMaskedArray, is_mask, isarray, make_mask,
make_mask_none, mask_or, masked, pi, put,
putmask, rank, ravel, set_fill_value,
set_print_limit, shape, size. See the documentation at
http://numpy.sourceforge.net for a description of these functions.


2.8.1. Variable  Constructors in Module MV







	Constructor

	Description





	arrayrange(start, stop=None, step=1, typecode=None, axis=None, attributes=None, id=None)

	Just like MV2.arange() except it returns a variable whose type can be specfied by the keyword argument typecode. The axis, attribute dictionary, and string identifier of the result variable may be specified. Synonym: arange



	masked_array(a, mask=None, fill_value=None, axes=None, attributes=None, id=None)

	Same as MV2.masked_array but creates a variable instead. If no axes are specified, the result has default axes, otherwise axes is a list of axis objects matching a.shape.



	masked_object(data,value, copy=1,savespace=0,axes=None, attributes=None, id=None)

	Create variable masked where exactly data equal to value. Create the variable with the given list of axis objects, attribute dictionary, and string id.



	masked_values(data,value, rtol=1e-05, atol=1e-08, copy=1, savespace=0, axes=None, attributes=None, id=None)

	Constructs a variable with the given list of axes and attribute dictionary, whose mask is set at those places where abs(data - value) > atol + rtol * abs(data). This is a careful way of saying that those elements of the data that have value = value (to within a tolerance) are to be treated as invalid. If data is not of a floating point type, calls masked_object instead.



	ones(shape, typecode='l',savespace=0,axes=none, attributes=none, id=none)

	Return an array of all ones of the given length or shape.



	reshape(a,newshape, axes=none, attributes=none, id=none)

	Copy of a with a new shape.



	resize(a,newshape, axes=none, attributes=none, id=none)

	Return a new array with the specified shape. the original arrays total size can be any size.



	zeros(shape,typecode='l',savespace=0, axes=none, attributes=none, id=none)

	An array of all zeros of the given length or shape






The following table describes the MV non-constructor functions. with the
exception of argsort, all functions return a transient variable.




2.8.2. MV Functions







	Function

	Description





	argsort(x, axis=-1, fill_value=None)

	Return a Numpy array of indices for sorting along a given axis.



	asarray(data, typecode=None)

	
	Same as cdms2.createVariable
	
	(data, typecode, copy=0).
	
	This is a short way of ensuring that something is an instance of a variable of a given type before proceeding, as in data = asarray(data).


	Also see the variable astype() function.















	average(a, axis=0, weights=None)

	
	Computes the average value of the non-masked elements of
	
	x along the selected axis.
	
	If weights is given, it must match the size and shape of x, and the value returned is: sum(a*weights)/sum(weights)


	In computing these sums, elements that correspond to those that are masked in x or weights are ignored.















	choose(condition, t)

	
	Has a result shaped like array condition.
	
	t must be a tuple of two arrays t1 and t2.


	Each element of the result is the corresponding element of t1where condition is true, and the corresponding element of t2 where condition is false.


	The result is masked where condition is masked or where the selected element is masked.











	concatenate(arrays, axis=0, axisid=None, axisattributes=None)

	Concatenate the arrays along the given axis. Give the extended axis the id and attributes provided - by default, those of the first array.



	count(a, axis=None)

	Count of the non-masked elements in a, or along a certain axis.



	isMaskedVariable(x)

	Return true if x is an instance of a variable.



	masked_equal(x, value)

	x masked where x equals the scalar value. For floating point values consider masked_values(x, value) instead.



	masked_greater(x, value)

	x masked where x > value



	masked_greater_equal(x, value)

	x masked where x >= value



	masked_less(x, value)

	x masked where x &lt; value



	masked_less_equal(x, value)

	x masked where x &le; value



	masked_not_equal(x, value)

	x masked where x != value



	masked_outside(x, v1, v2)

	x with mask of all values of x that are outside [v1,v2]



	masked_where(condition, x, copy=1)

	
	Return x as a variable masked where condition is true.
	
	Also masked where x or condition masked.


	condition is a masked array having the same shape as x.

















2.8.3. MV Functions(cont’d)







	Function

	Description





	maximum(a, b=None)

	Compute the maximum valid values of x if y is None; with two arguments, return the element-wise larger of valid values, and mask the result where either x or y is masked.



	minimum(a, b=None)

	Compute the minimum valid values of x if y is None; with two arguments, return the element-wise smaller of valid values, and mask the result where either x or y is masked.



	outerproduct(a, b)

	Return a variable such that result[i, j] = a[i] * b[j]. The result will be masked where a[i] or b[j] is masked.



	power(a, b)

	a**b



	product(a, axis=0, fill_value=1)

	Product of elements along axis using fill_value for missing elements.



	repeat(ar, repeats, axis=0)

	Return ar repeated repeats times along axis. repeats is a sequence of length ar.shape[axis] telling how many times to repeat each element.



	set_default_fill_value (value_type, value)

	
	Set the default fill value for value_type to value.
	
	value_type is a string: ‘real’,’complex’,’character’,’integer’,or ‘object’.


	value should be a scalar or single-element array.











	sort(ar, axis=-1)

	Sort array ar elementwise along the specified axis. The corresponding axis in the result has dummy values.



	sum(a, axis=0, fill_value=0)

	Sum of elements along a certain axis using fill_value for missing.



	take(a, indices, axis=0)

	Return a selection of items from a. See the documentation in the Numpy manual.



	transpose(ar, axes=None)

	Perform a reordering of the axes of array ar depending on the tuple of indices axes; the default is to reverse the order of the axes.



	where(condition, x, y)

	x where condition is true, y otherwise











2.9. HorizontalGrid

A HorizontalGrid represents a latitude-longitude coordinate system. In
addition, it optionally describes how lat-lon space is partitioned into
cells. Specifically, a HorizontalGrid:


	Consists of a latitude and longitude coordinate axis.


	May have associated boundary arrays describing the grid cell
boundaries,


	May optionally have an associated logical mask.




CDMS supports several types of HorizontalGrids:


2.9.1. Grids







	Grid Type

	Definition





	RectGrid

	Associated latitude an longitude are 1-D axes, with strictly monotonic values.



	GenericGrid

	Latitude and longitude are 1-D auxiliary coordinate axis (AuxAxis1D)









2.9.2. HorizontalGrid Internal Attribute








	Type

	Name

	Definition





	Dictionary

	attributes

	External attribute dictionary.



	String

	id

	The grid identifier.



	Dataset or CdmsFile

	parent

	The dataset or file which contains the grid.



	Tuple

	shape

	The shape of the grid, a 2-tuple









2.9.3. RectGrid Constructors







	Constructor

	Description





	cdms2.createRectGrid(lat, lon, order, type='generic', mask=None)

	Create a grid not associated with a file or dataset. See A First Example



	Cdms2File.createRectGrid(id, lat, lon, order, type='generic', mask=None)

	Create a grid associated with a file. See CdmsFile Constructors



	Dataset.createRectGrid(id, lat, lon, order, type='generic', mask=None)

	Create a grid associated with a dataset. See Dataset Constructors



	cdms2.createGaussianGrid (nlats, xorigin=0.0, order='yx')

	See A First Example



	cdms2.createGenericGrid (latArray, lonArray, latBounds=None, lonBounds=None, order='yx', mask=None)

	See A First Example



	cdms2.createGlobalMeanGrid (grid)

	See A First Example



	cdms2.createRectGrid(lat, lon, order, type='generic', mask=None)

	See A First Example



	cdms2.createUniformGrid (startLat, nlat, deltaLat, startLon, nlon, deltaLon, order='yx', mask=None)

	See A First Example



	cdms2.createZonalGrid(grid)

	See A First Example









2.9.4. HorizontalGrid Methods








	Type

	Method

	Description





	Horizontal-Grid

	clone()

	Return a transient copy of the grid.



	Axis

	getAxis(Integer n)

	Get the n-th axis.n is either 0 or 1.



	Tuple

	getBounds()

	
	Get the grid boundary arrays. Returns a tuple
	(latitudeArray, longitudeArray),
where latitudeArray is a Numpy array of latitude bounds, and similarly for longitudeArray.


The shape of latitudeArray and longitudeArray





	depend on the type of grid:
	

	For rectangular grids with shape (nlat, nlon), the boundary arrays have shape (nlat,2) and (nlon,2).


	For curvilinear grids with shape (nx, ny), the boundary arrays each have shape (nx, ny, 4).


	For generic grids with shape (ncell,), the boundary arrays each have shape (ncell, nvert) where nvert is the maximum number of vertices per cell.


	For rectilinear grids: If no boundary arrays are explicitly defined (in the file or dataset), the result depends on the auto- Bounds mode (see cdms2.setAutoBounds) and the grid classification mode (see cdms2.setClassifyGrids).







By default, autoBounds mode is enabled, in which
case the boundary arrays are generated based on
the type of grid.



	If disabled, the return value is (None,None). For rectilinear grids:


	The grid classification mode specifies how the grid type is to be determined.


	By default, the grid type (Gaussian, uniform, etc.) is determined by calling grid.classifyInFamily.


	If the mode is ‘off’ grid.getType is used instead.


















	Axis

	getLatitude()

	Get the latitude axis of this grid.



	Axis

	getLongitude()

	Get the latitude axis of this grid.









2.9.5. HorizontalGrid Methods(cont’d)








	Type

	Method

	Description





	Axis

	getMask()

	
	Get the mask array of this grid, if any.
	
	Returns a 2-D Numpy array, having the same shape as the grid.


	If the mask is not explicitly defined, the return value is None.











	Axis

	getMesh(self, transpose=None)

	
	Generate a mesh array for the meshfill graphics method.
	
	If transpose is defined to a tuple, say (1,0), first transpose latbounds and lonbounds according to the tuple, in this case (1,0,2).











	None

	setBounds (latBounds, lonBounds, persistent=0)

	
	Set the grid boundaries.
	
	latBounds is a NumPy array of shape (n,2), such that the boundaries of the kth axis value are [latBounds[k,0],latBou nds[k,1] ].


	lonBounds is defined similarly for the longitude array.




Note: By default, the boundaries are not written to the file or dataset containing the grid (if any). This allows bounds to be set on read-only files, for regridding. If the optional argument persistent is set to the boundary array is written to the file.








	None

	setMask(mask, persistent=0)

	
	Set the grid mask.
	
	If persistent == 1, the mask values are written to the associated file, if any.


	Otherwise, the mask is associated with the grid, but no I/O is generated.


	mask is a two-dimensional, Boolean-valued Numpy array, having the same shape as the grid.

















2.9.6. HorizontalGrid Methods(cont’d)








	Type

	Method

	Description





	Horizontal-Grid

	subGridRegion (latInterval, lonInterval)

	
	Create a new grid corresponding to the coordinate
	
	region defined by latInterval, lonInterv al.
	

	latInterval and lonInterval are the coordinate intervals for latitude and longitude, respectively.


	Each interval is a tuple having one of the forms:


	(x,y)


	(x,y,indicator)


	(x,y,indicator,cycle)


	None







Where x and y are coordinates indicating the interval
[x,y), and:



	indicator is a two-character string, where the first character is ‘c’ if the interval is closed on the left, ‘o’ if open, and the second character has the same meaning for the right-hand point.  (Default: ‘co’).


	If cycle is specified, the axis is treated as circular with the given cycle value.


	By default, if grid.isCircular() is true, the axis is treated as circular with a default value of 360.0.


	An interval of None returns the full index interval of the axis.


	If a mask is defined, the subgrid also has a mask corresponding to the index ranges.




Note: The result grid is not associated with any file or dataset.















	Transient-CurveGrid

	toCurveGrid (gridid=None)

	
	Convert to a curvilinear grid.
	
	If the grid is already curvilinear, a copy of the grid object is returned.


	gridid is the string identifier of the resulting curvilinear grid object.


	If unspecified, the grid ID is copied.




Note: This method does not apply to generic grids.








	Transient-GenericGrid

	toGenericGrid (gridid=None)

	
	Convert to a generic grid.
	
	If the grid is already generic, a copy of the grid is returned.


	gridid is the string identifier of the resulting curvilinear grid object.


	If unspecified, the grid ID is copied.

















2.9.7. RectGrid Methods, Additional to HorizontalGrid Methods








	Type

	Method

	Description





	String

	getOrder()

	Get the grid ordering, either ‘yx’ if latitude is the first axis, or ‘xy’ if longitude is the first axis.



	String

	getType()

	Get the grid type, either ‘gaussian’, ‘uniform’, ‘equalarea’, or ‘generic’.



	(Array,Array)

	getWeights()

	
	Get the normalized area weight arrays, as a tuple (latWeights, lonWeights).
	
	It is assumed that the latitude and longitude axes are defined in degrees.
	
	The latitude weights are defined as:
	
	latWeights[i] = 0.5 * abs(sin(latBounds[i+1]) - sin(latBounds[i]))






	The longitude weights are defined as:
	
	lonWeights[i] = abs(lonBounds[i+1] - lonBounds [i])/360.0








For a global grid, the weight arrays are normalized
such that the sum of the weights is 1.0



	Example:
	
	Generate the 2-D weights array, such that weights[i.j] is the fractional area of grid zone [i,j].


	From cdms import MV


	latwts, lonwts = gri d.getWeights()


	weights = MV.outerproduct(latwts, lonwts)


	Also see the function area_weights in module pcmdi.weighting.






















	None

	setType (gridtype)

	
	Set the grid type.
	
	gridtype is one of ‘gaussian’, ‘uniform’, ‘equalarea’, or ‘generic’.

















2.9.8. RectGrid Methods, Additional to HorizontalGrid Methods(cont’d)








	Type

	Method

	Description





	RectGrid

	subGrid ((latStart,latStop),(lonStart,lonStop))

	
	Create a new grid, with latitude index range `` [latStartlatStop] and longitude index range [lonStartlonStop].  Either index range can also be specified as None, indicating that the entire range of the latitude or longitude is used.
	
	Example:
	
	This creates newgrid corresponding to all latitudes and index range [lonStart:lonStop] of oldgrid.


	newgrid = oldgrid.subGrid(None, (lonStart, lon Stop))


	If a mask is defined, the subgrid also has a mask corresponding to the index ranges.








Note: The result grid is not associated with any file or dataset.








	RectGrid

	transpose()

	
	Create a new grid, with axis order reversed. The grid
	
	mask is also transposed.
	Note: The result grid is not associated with any file or dataset.




















2.10. Variable

A Variable is a multidimensional data object, consisting of:


	A multidimensional data array, possibly masked,


	A collection of attributes


	A domain, an ordered tuple of CoordinateAxis objects.




A Variable which is contained in a Dataset or CdmsFile is called a
persistent variable. Setting a slice of a persistent Variable writes
data to the Dataset or file, and referencing a Variable slice reads data
from the Dataset. Variables may also be transient, not associated with a
Dataset or CdmsFile.

Variables support arithmetic operations, including the basic Python
operators (+,,*,/,**, abs, and sqrt), as well as the operations
defined in the MV module. The result of an arithmetic operation is a
transient variable, that is, the axis information is transferred to the
result.

The methods subRegion and subSlice return transient variables. In
addition, a transient variable may be created with the
cdms.createVariable method. The vcs and regrid module methods take
advantage of the attribute, domain, and mask information in a transient
variable.


2.10.1. Variable Internal Attributes








	Type

	Name

	Definition





	Dictionary

	attributes

	External attribute dictionary.



	String

	id

	Variable identifier.



	String

	name_in_file

	The name of the variable in the file or files which represent the dataset. If different from id, the variable is aliased.



	Dataset or CdmsFile

	parent

	The dataset or file which contains the variable.



	Tuple

	shape

	The length of each axis of the variable









2.10.2. Variable Constructors







	Constructor

	Description





	Dataset.createVariable (String id, String datatype, List axes)

	Create a Variable in a Dataset. This function is not yet implemented.



	CdmsFile.createVariable (String id, String datatype, List axes or Grids)

	
	Create a Variable in a CdmsFile.
	
	id is the name of the variable.


	datatype is the MV or Numpy | typecode, for example, MV.Float.


	axesOrGrids is a list of Axis and/or Grid objects, on which the variable is defined. Specifying a rectilinear grid is equivalent to listing the grid latitude and longitude axes, in the order defined for the grid.




Note: This argument can either be a list or a tuple. If the tuple form is used, and there is only one element, it must have a following comma, e.g.: (axisobj,).








	cdms2.createVariable (array, typecode=None, copy=0, savespace=0,mask=None, fill_value=None, grid=None, axes=None,attributes=None, id=None)

	
	Create a transient variable, not associated with a file or dataset.
	
	array is the data values: a Variable, masked array, or Numpy array.


	typecode is the MV typecode of the array. Defaults to the typecode of array.


	copy is an integer flag: if 1, the variable is created with a copy of the array, if 0 the variable data is shared with array.


	savespace is an integer flag: if set to 1, internal Numpy operations will attempt to avoid silent upcasting.


	mask is an array of integers with value 0 or 1, having the same shape as array.  array elements with a corresponding mask value of 1 are considered invalid, and are not used for subsequent Numpy operations. The default mask is obtained from array if present, otherwise is None.


	fill_value is the missing value flag. The default is obtained from array if possible, otherwise is set to 1.0e20 for floating point variables, 0 for integer-valued variables.


	grid is a rectilinear grid object.


	axes is a tuple of axis objects. By default the axes are obtained from array if present.  Otherwise for a dimension of length n, the default axis has values [0., 1., …, double(n)].


	attributes is a dictionary of attribute values.  The dictionary keys must be strings.  By default the dictionary is obtained from array if present, otherwise is empty.


	id is the string identifier of the variable.  By default the id is obtained from array if possible, otherwise is set to ‘variable_n’ for some integer.

















2.10.3. Variable Methods








	Type

	Method

	Definition





	Variable

	tvar = var[ i:j, m:n]

	
	Read a slice of data from the file or dataset, resulting
	
	in a transient variable.
	
	Singleton dimensions are ‘squeezed’ out.


	Data is returned in the physical ordering defined in the dataset.


	The forms of the slice operator are listed in Variable Slice Operators















	None

	var[ i:j, m:n] = array

	
	Write a slice of data to the external dataset.
	
	The forms of the slice operator are listed in Result Entry Methods .  (Variables in CdmsFiles only)











	Variable

	tvar = var(selector)

	
	Calling a variable as a function reads the region of
	
	data defined by the selector.
	
	The result is a transient variable, unless raw=1 keyword is specified.


	See Selectors .















	None

	assignValue(Array ar)

	Write the entire data array. Equivalent to var[:] = ar.  (Variables in CdmsFiles only).



	Variable

	astype(typecode)

	
	Cast the variable to a new datatype.
	
	Typecodes are as for MV, MV, and Numpy modules.











	Variable

	clone(copyData=1)

	
	Return a copy of a transient variable.
	
	If copyData is 1 (the default) the variable data is copied as well.


	If copyData is 0, the result transient variable shares the original transient variables data array.

















2.10.4. Variable Methods(cont’d)








	Type

	Method

	Definition





	Transient Variable

	crossSectionRegrid (newLevel, newLatitude, method='log', missing=None, order=None)

	
	Return a lat/level vertical
	cross-section regridded to a new set of
latitudes newLatitude and levels newLevel.



	The variable should be a function of latitude, level, and (optionally) time.


	newLevel is an axis of the result pressure levels.


	newLatitude is an axis of the result latitudes.


	method is optional, either ‘log’ to interpolate in the log of pressure (default), or ‘linear’ for linear interpolation.


	missing is a missing data value. The default is var.getMissing()


	order is an order string such as ‘tzy’ or ‘zy’. The default is var.getOrder().


	See also: regrid, pressureRegrid.














	Axis

	getAxis(n)

	
	Get the n-th axis.
	
	n is an integer.











	List

	getAxisIds()

	Get a list of axis identifiers.



	Integer

	getAxisIndex (axis_spec)

	
	Return the index of the axis specificed by axis_spec.
	
	Return -1 if no match.
	
	axis_spec is a specification as defined for getAxisList















	List

	getAxisList (axes=None, omit=None, order=None)

	
	Get an ordered list of axis objects in the domain
	
	of the variable.
	
	If axes is not None, include only certain axes. Otherwise axes is a list of specifications as described below. Axes are returned
in the order specified unless the order keyword is given.


	If omit is not None, omit those specified by an integer dimension number.  Otherwise omit is a list of specifications as described below.


	order is an optional string determining the output order.





















2.10.5. Variable Methods(cont’d)








	Type

	Method

	Definition





	List(cont’d)

	getAxisList (axes=None, omit=None, order=None)

	Specifications for the axes or omit keywords are a list,
each element having one of the following forms:



	An integer dimension index, starting at 0.


	A string representing an axis id or one of the strings ‘time’, ‘latitude’, ‘lat’, ‘longitude’, ‘lon’, ‘lev’ or ‘level’.


	A function that takes an axis as an argument and returns a value. If the value returned is true, the axis matches.


	an axis object; will match if it is the same object as axis.


	order can be a string containing the characters t,x,y,z, or * .


	If a dash (‘-‘) is given, any elements of the result not chosen otherwise are filled in from left to right with remaining candidates.










	List

	getAxisListIndex (axes=None, omit=None, order=None)

	Return a list of indices of axis objects.  Arguments are as for getAxisList.



	List

	getDomain()

	
	Get the domain.
	Each element of the list is itself a tuple of the
form (axis,start, length, true_length)




	Where axis is an axis object,


	Start is the start index of the domain relative to the axis object,


	Length is the length of the axis, and true_length is the actual number of (defined) points in the domain.








	See also: getAxisList.














	Horizontal-Grid

	getGrid()

	Return the associated grid, or None if the variable is not gridded.



	Axis

	getLatitude()

	Get the latitude axis, or None if not found.



	Axis

	getLevel()

	Get the vertical level axis, or None if not found.



	Axis

	getLongitude()

	Get the longitude axis, or None if not found.









2.10.6. Variable Methods(cont’d)








	Type

	Method

	Definition





	Various

	getMissing()

	Get the missing data value, or None if not found.



	String

	getOrder()

	
	Get the order string of a spatio-temporal variable.
	


	The order string specifies the physical ordering of the data.


	It is a string of characters with length equal to the rank of the variable, indicating the order of the variable’s time, level, latitude,
and/or longitude axes.








	Each character is one of:
	
	‘t’: time


	‘z’: vertical level


	‘y’: latitude


	‘x’: longitude


	‘-‘: the axis is not spatio-temporal.




Example: A variable with ordering ‘tzyx’ is 4-dimensional, where the ordering of axes is (time, level, latitude, longitude).








Note: The order string is of the form required
for the order argument of a regridder function.



	intervals is a list of scalars, 2-tuples representing [i,j), slices, and/or Ellipses.


	If no argument(s) are present, all file paths associated with the variable are returned.


	Returns a list of tuples of the form (path,slicetuple), where path is the path of a file, and slicetuple is itself a tuple of slices, of the same length as the rank of the variable, representing the portion of the variable in the file corresponding to intervals.







Note: This function is not defined for transient variable.








	Axis

	getTime()

	Get the time axis, or None if not found.



	List

	getPaths (*intervals)

	Get the file paths associated with the index region specified by intervals.









2.10.7. Variable Methods(cont’d)








	Type

	Method

	Definition





	Integer

	len(var)

	
	The length of the first dimension of the variable.
	If the variable is zero-dimensional (scalar), a length
of 0 is returned.


Note: size() returns the total number of elements.











	Transient Variable

	pressureRegrid (newLevel, method='log', missing=None, order=None)

	
	Return the variable regridded to a new set of
	pressure levels newLevel. The variable must be a function of latitude, longitude, pressure level, and (optionally) time.



	newLevel is an axis of the result pressure levels.


	method is optional, either ‘log’ to interpolate in the log of pressure (default), or ‘linear’ for linear interpolation.


	missing is a missing data value. The default is var.getMissing()


	order is an order string such as ‘tzyx’ or ‘zyx’. The default is var.getOrder()


	See also: regrid, crossSectionRegrid.














	Integer

	rank()

	The number of dimensions of the variable.



	Transient

	regrid (togrid, missing=None, order=None, mask=None)

	
	Return the variable regridded to the horizontal grid togrid.
	
	missing is a Float specifying the missing data value. The default is 1.0e20.


	order is a string indicating the order of dimensions of the array.  It has the form returned from variable.getOrder().


	For example, the string ‘tzyx’ indicates that the dimension order of array is (time, level, latitude, longitude).


	If unspecified, the function assumes that the last two dimensions of array match the input grid.


	mask is a Numpy array, of datatype Integer or Float, consisting of ones and zeros. A value of 0 or 0.0 indicates that the corresponding
data value is to be ignored for purposes of regridding.


	If mask is two-dimensional of the same shape as the input grid, it overrides the mask of the input grid.

















2.10.8. Variable Methods(cont’d)








	Type

	Method

	Definition





	Transient(cont’d)

	regrid (togrid, missing=None, order=None, mask=None)

	
	Return the variable regridded to the horizontal grid togrid.
	

	If the mask has more than two dimensions, it must have the same shape as array. In this case, the missing data value is also ignored.


	Such an n-dimensional mask is useful if the pattern of missing data varies with level (e.g., ocean data) or time.




Note: If neither missing or mask is set, the default mask is obtained from the mask of the array if any.




See also: crossSectionRegrid, pressureRegrid.








	None

	setAxis(n, axis)

	Set the n-th axis (0-origin index) of to a copy of axis.



	None

	setAxisList (axislist)

	Set all axes of the variable. axislist is a list of axis objects.



	None

	setMissing(value)

	Set the missing value.  Integer size() Number of elements of the variable.



	Variable

	subRegion (*region, time=None, level=None, latitude=None, longitude=None, squeeze=0, raw=0)

	
	Read a coordinate region of data, returning a
	transient variable. A region is a hyperrectangle
in coordinate space.



	region is an argument list, each item of which specifies an interval of a coordinate axis. The intervals are listed in the order of the variable axes.


	If trailing dimensions are omitted, all values of those dimensions are retrieved.


	If an axis is circular (axis.isCircular() is true) or cycle is specified (see below), then data will be read with wraparound in that dimension.


	Only one axis may be read with wraparound.


	A coordinate interval has one of the forms listed in Index and Coordinate Intervals .


	Also see axis.mapIntervalExt.




















2.10.9. Variable Methods(cont’d)








	Type

	Method

	Definition





	Variable(cont’d)

	subRegion (*region, time=None, level=None, latitude=None, longitude=None, squeeze=0, raw=0)

	Read a coordinate region of data, returning a
transient variable.



	A region is a hyperrectangle in coordinate space.
	
	The optional keyword arguments time, level, latitude, and longitude may also be used to specify the dimension for which the interval applies.
This is particularly useful if the order of dimensions is not known in advance.


	An exception is raised if a keyword argument conflicts with a positional region argument.


	The optional keyword argument squeeze determines whether or not the shape of the returned array contains dimensions whose length is 1; by default this
argument is 0, and such dimensions are not ‘squeezed out’.


	The optional keyword argument raw specifies whether the return object is a variable or a masked array.


	By default, a transient variable is returned, having the axes and attributes corresponding to 2,3 the region read. If raw=1, an MV2 masked array is returned,
equivalent to the transient variable without the axis and attribute information.




















2.10.10. Variable Methods(cont’d)








	Type

	Method

	Definition





	Variable

	subSlice (*specs, time=None, level=None, latitude=None, longitude=None, squeeze=0, raw=0)

	
	Read a slice of data, returning a transient variable.
	This is a functional form of the slice operator []
with the squeeze option turned off.



	specs is an argument list, each element of which specifies a slice of the corresponding dimension.







There can be zero or more positional arguments,
each of the form:



	A single integer n, meaning slice(n, n+1)


	An instance of the slice class


	A tuple, which will be used as arguments to create a slice


	‘:’, which means a slice covering that entire dimension


	Ellipsis (…), which means to fill the slice list with ‘:’ leaving only enough room at the end for the remaining positional arguments


	A Python slice object, of the form slice(i,j,k)


	If there are fewer slices than corresponding dimensions, all values of the trailing dimensions are read.


	The keyword arguments are defined as in subRegion.


	There must be no conflict between the positional arguments and the keywords.


	In (a)-(c) and (f), negative numbers are treated as offsets from the end of that dimension, as in normal Python indexing.


	String typecode() The Numpy datatype identifier.




















2.10.11. Example Get a Region of Data

Variable ta is a function of (time, latitude, longitude). Read data
corresponding to all times, latitudes -45.0 up to but not
including+45.0, longitudes 0.0 through and including longitude 180.0:

>>> data = ta.subRegion(':', (-45.0,45.0,'co'), (0.0, 180.0))





or equivalently:

>>> data = ta.subRegion(latitude=(-45.0,45.0,'co'), longitude=(0.0, 180.0)





Read all data for March, 1980:

>>> data = ta.subRegion(time=('1980-3','1980-4','co'))








2.10.12. Variable Slice Operators







	Operator

	Description





	[i]

	The ith element, zero-origin indexing.



	[i:j]

	The ith element through, but not including, element j



	[i:]

	The ith element through the end



	[:j]

	The beginning element through, but not including, element j



	[:]

	The entire array



	[i:j:k]

	Every kth element



	[i:j, m:n]

	Multidimensional slice



	[i, ..., m]

	(Ellipsis) All dimensions between those specified.



	[-1]

	Negative indices ‘wrap around’. -1 is the last element









2.10.13. Index and Coordinate Intervals








	Interval Definition

	Example Interval Definition

	Example





	x

	Single point, such that axis[i]==x In general x is a scalar. If the axis is a time axis, x may also be a cdtime relative time type, component time type, or string of the form ‘yyyy-mm-dd hh:mi:ss’ (where trailing fields of the string may be omitted.

	
	cdtime.reltime(48,'hours since 1980-1')
	'1980-1-3'








	(x,y)

	Indices i such that x ≤ axis[i] ≤ y

	(-180,180)



	(x,y,'co')

	x ≤ axis[i] < y. The third item is defined as in mapInterval.

	(-90,90,'cc')



	(x,y,'co',cycle)

	x ≤ axis[i]< y, with wraparound

	
	( 180, 180, 'co', 360.0)
	Note: It is not necesary to specify the cycle of a circular longitude axis, that is, for which axis.isCircular() is true.








	slice(i,j,k)

	Slice object, equivalent to i:j:k in a slice operator. Refers to the indices i, i+k, i+2k, … up to but not including index j. If i is not specified or is None it defaults to 0. If j is not specified or is None it defaults to the length of the axis. The stride k defaults to 1. k may be negative.

	

	slice(1,10)


	slice(,,-1) reverses the direction of the axis.










	':'

	All axis values of one dimension

	


	Ellipsis

	All values of all intermediate axes

	










2.11. Selectors

A selector is a specification of a region of data to be selected from a
variable. For example, the statement:

>>> x = v(time='1979-1-1', level=(1000.0,100.0))





Means ‘select the values of variable v for time ‘1979-1-1’ and levels
1000.0 to 100.0 inclusive, setting x to the result.’ Selectors are
generally used to represent regions of space and time.

The form for using a selector is:

>>> result = v(s)





Where v is a variable and s is the selector. An equivalent form is:

>>> result = f('varid', s)





Where f is a file or dataset, and ‘varid’ is the string ID of a
variable.

A selector consists of a list of selector components. For example, the
selector:

>>> time='1979-1-1', level=(1000.0,100.0)





Has two components: time=’1979-1-1’, and level=(1000.0,100.0). This
illustrates that selector components can be defined with keywords, using
the form:

>>> keyword=value





Note that for the keywords time, level, latitude, and longitude, the
selector can be used with any variable. If the corresponding axis is not
found, the selector component is ignored. This is very useful for
writing general purpose scripts. The required keyword overrides this
behavior. These keywords take values that are coordinate ranges or index
ranges as defined in See Index and Coordinate Intervals.

The following keywords are available: Another form of selector
components is the positional form, where the component order corresponds
to the axis order of a variable. For example:


2.11.1. Selector Keywords








	Keyword

	Description

	Value





	axisid

	Restrict the axis with ID axisid to a value or range of values.

	See Index and Coordinate Intervals



	grid

	Regrid the result to the grid.

	Grid object



	latitude

	Restrict latitude values to a value or range. Short form: lat

	See Index and Coordinate Intervals



	level

	Restrict vertical levels to a value or range. Short form: lev

	See Index and Coordinate Intervals



	longitude

	Restrict longitude values to a value or range. Short form: lon

	See Index and Coordinate Intervals



	order

	Reorder the result.

	Order string, e.g., ‘tzyx’



	raw

	Return a masked array (MV.array) rather than a transient variable.

	0: return a transient variable (default);  =1: return a masked array.



	required

	Require that the axis IDs be present.

	List of axis identifiers.



	squeeze

	Remove singleton dimensions from the result.

	0: leave singleton dimensions (default);    1: remove singleton dimensions.



	time

	Restrict time values to a value or range.

	See Index and Coordinate Intervals






Another form of selector components is the positional form, where the
component order corresponds to the axis order of a variable. For
example:

>>> x9 = hus(('1979-1-1','1979-2-1'),1000.0)





Reads data for the range (‘1979-1-1’,’1979-2-1’) of the first axis, and
coordinate value 1000.0 of the second axis. Non-keyword arguments of the
form(s) listed in Index and Coordinate Intervals are treated as positional. Such
selectors are more concise, but not as general or flexible as the other
types described in this section.

Selectors are objects in their own right. This means that a selector can
be defined and reused, independent of a particular variable. Selectors
are constructed using the cdms2.selectors Selector class. The constructor
takes an argument list of selector components. For example:

	1
2
3
4
5
6
7
8
9

	>>> from cdms2.selectors import Selector
>>> sel = Selector(time=('1979-1-1','1979-2-1'), level=1000.)
>>> x1 = v1(sel)
>>> x2 = v2(sel)

>>> from cdms2.selectors import Selector
>>> sel = Selector(time=('1979-1-1','1979-2-1'), level=1000.)
>>> x1 = v1(sel)
>>> x2 = v2(sel)







For convenience CDMS provides several predefined selectors, which can be
used directly or can be combined into more complex selectors. The
selectors time, level, latitude, longitude, and required are equivalent
to their keyword counterparts. For example:

>>> from cdms2 import time, level
>>> x = hus(time('1979-1-1','1979-2-1'), level(1000.))





and

Are equivalent. Additionally, the predefined selectors
latitudeslice, longitudeslice, levelslice, and timeslice
take arguments (startindex, stopindex[, stride]):

>>> from cdms2 import timeslice, levelslice
>>> x = v(timeslice(0,2), levelslice(16,17))





Finally, a collection of selectors is defined in module cdutil.region:

	1
2
3
4
5
6

	>>> from cdutil.region import *
>>> NH=NorthernHemisphere=domain(latitude=(0.,90.)
>>> SH=SouthernHemisphere=domain(latitude=(-90.,0.))
>>> Tropics=domain(latitude=(-23.4,23.4))
>>> NPZ=AZ=ArcticZone=domain(latitude=(66.6,90.))
>>> SPZ=AAZ=AntarcticZone=domain(latitude=(-90.,-66.6))







Selectors can be combined using the & operator, or by refining them in
the call:

	1
2
3
4
5
6

	>>> from cdms2.selectors import Selector
>>> from cdms2 import level
>>> sel2 = Selector(time=('1979-1-1','1979-2-1'))
>>> sel3 = sel2 & level(1000.0)
>>> x1 = hus(sel3)
>>> x2 = hus(sel2, level=1000.0)










2.11.2. Selector Examples

CDMS provides a variety of ways to select or slice data. In the
following examples, variable hus is contained in file sample.nc, and is
a function of (time, level, latitude, longitude). Time values are
monthly starting at 1979-1-1. There are 17 levels, the last level being
1000.0. The name of the vertical level axis is ‘plev’. All the examples
select the first two times and the last level. The last two examples
remove the singleton level dimension from the result array.

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

	>>> import cdms2
>>> f = cdms2.open('sample.nc')
>>> hus = f.variables['hus']
>>>
>>> # Keyword selection
>>> x = hus(time=('1979-1-1','1979-2-1'), level=1000.)
>>>
>>> # Interval indicator (see mapIntervalExt)
>>> x = hus(time=('1979-1-1','1979-3-1','co'), level=1000.)
>>>
>>> # Axis ID (plev) as a keyword
>>> x = hus(time=('1979-1-1','1979-2-1'), plev=1000.)
>>>
>>> # Positional
>>> x9 = hus(('1979-1-1','1979-2-1'),1000.0)
>>>
>>> # Predefined selectors
>>> from cdms2 import time, level
>>> x = hus(time('1979-1-1','1979-2-1'), level(1000.))
>>>
>>> from cdms2 import timeslice, levelslice
>>> x = hus(timeslice(0,2), levelslice(16,17))
>>>
>>> # Call file as a function
>>> x = f('hus', time=('1979-1-1','1979-2-1'), level=1000.)
>>>
>>> # Python slices
>>> x = hus(time=slice(0,2), level=slice(16,17))
>>>
>>> # Selector objects
>>> from cdms2.selectors import Selector
>>> sel = Selector(time=('1979-1-1','1979-2-1'), level=1000.)
>>> x = hus(sel)
>>>
>>> sel2 = Selector(time=('1979-1-1','1979-2-1'))
>>> sel3 = sel2 & level(1000.0)
>>> x = hus(sel3)
>>> x = hus(sel2, level=1000.0)
>>>
>>> # Squeeze singleton dimension (level)
>>> x = hus[0:2,16]
>>> x = hus(time=('1979-1-1','1979-2-1'), level=1000., squeeze=1)
>>>
>>> f.close()












2.12. Examples


2.12.1. Example 1

In this example, two datasets are opened, containing surface air
temperature (‘tas’) and upper-air temperature (‘ta’) respectively.
Surface air temperature is a function of (time, latitude, longitude).
Upper-air temperature is a function of (time, level, latitude,
longitude). Time is assumed to have a relative representation in the
datasets (e.g., with units ‘months since basetime’).

Data is extracted from both datasets for January of the first input year
through December of the second input year. For each time and level,
three quantities are calculated: slope, variance, and correlation. The
results are written to a netCDF file. For brevity, the functions
corrCoefSlope and removeSeasonalCycle are omitted.
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	>>> 1.  import cdms2
>>>    import MV2
>>>
>>>    # Calculate variance, slope, and correlation of
>>>    # surface air temperature with upper air temperature
>>>    # by level, and save to a netCDF file. 'pathTa' is the location of
>>>    # the file containing 'ta', 'pathTas' is the file with contains 'tas'.
>>>    # Data is extracted from January of year1 through December of year2.
>>>    def ccSlopeVarianceBySeasonFiltNet(pathTa,pathTas,month1,month2):
>>>
>>>        # Open the files for ta and tas
>>>        fta = cdms2.open(pathTa)
>>>        ftas = cdms2.open(pathTas)
>>>
>>> 2.      #Get upper air temperature
>>>        taObj = fta['ta']
>>>        levs = taObj.getLevel()
>>>
>>>        #Get the surface temperature for the closed interval [time1,time2]
>>>        tas = ftas('tas', time=(month1,month2,'cc'))
>>>
>>>        # Allocate result arrays
>>>        newaxes = taObj.getAxisList(omit='time')
>>>        newshape = tuple([len(a) for a in newaxes])
>>>        cc = MV2.zeros(newshape, typecode=MV2.Float, axes=newaxes, id='correlation')
>>>        b = MV2.zeros(newshape, typecode=MV2.Float, axes=newaxes, id='slope')
>>>        v = MV2.zeros(newshape, typecode=MV2.Float, axes=newaxes, id='variance')
>>>
>>>        # Remove seasonal cycle from surface air temperature
>>>        tas = removeSeasonalCycle(tas)
>>>
>>>        # For each level of air temperature, remove seasonal cycle
>>>        # from upper air temperature, and calculate statistics
>>> 5.      for ilev in range(len(levs)):
>>>
>>>            ta = taObj(time=(month1,month2,'cc'), \
>>>                       level=slice(ilev, ilev+1), squeeze=1)
>>>            ta = removeSeasonalCycle(ta)
>>>            cc[ilev], b[ilev] = corrCoefSlope(tas ,ta)
>>>            v[ilev] = MV2.sum( ta**2 )/(1.0*ta.shape[0])
>>>
>>>        # Write slope, correlation, and variance variables
>>> 6.      f = cdms2.open('CC_B_V_ALL.nc','w')
>>>        f.title = filtered
>>>        f.write(b)
>>>        f.write(cc)
>>>        f.write(v)
>>>        f.close()
>>>
>>> 7.  if __name__=='__main__':
>>>        pathTa = '/pcmdi/cdms2/sample/ccmSample_ta.xml'
>>>        pathTas = '/pcmdi/cdms2/sample/ccmSample_tas.xml'
>>>        # Process Jan80 through Dec81
>>>        ccSlopeVarianceBySeasonFiltNet(pathTa,pathTas,'80-1','81-12')







Notes:
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	1.   Two modules are imported, "cdms2", and "MV2". "MV2" implements
     arithmetic functions.
15.  "taObj" is a file (persistent) variable. At this point, no data has
     actually been read. This happens when the file variable is sliced, or
     when the subRegion function is called. levs is an axis.
20.  Calling the file like a function reads data for the given variable
     and time range. Note that month1 and month2 are time strings.
25.  In contrast to "taObj", the variables "cc:" b" and "v" are
     transient variables, not associated with a file. The assigned names
     are used when the variables are written.
34.  Another way to read data is to call the variable as a function. The
     squeeze option removes singleton axes, in this case the level axis.
43.  Write the data. Axis information is written automatically.
50.  This is the main routine of the script. "pathTa" and "pathTas"
     pathnames. Data is processed from January 1980 through December 1981.










2.12.2. Example 2

In the next example, the pointwise variance of a variable over time is
calculated, for all times in a dataset. The name of the dataset and
variable are entered, then the variance is calculated and plotted via
the vcs module.
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	>>> #!/usr/bin/env python
>>> #
>>> # Calculates gridpoint total variance
>>> # from an array of interest
>>> #
>>>
>>> import cdms2
>>> from MV2 import *
>>>
>>> # Wait for return in an interactive window
>>>
>>> def pause():
>>>     print Hit return to continue: ,
>>>     line = sys.stdin.readline()
>>>
>>> 1.      # Calculate pointwise variance of variable over time
>>> # Returns the variance and the number of points
>>> # for which the data is defined, for each grid point
>>> def calcVar(x):
>>>     # Check that the first axis is a time axis
>>>     firstaxis = x.getAxis(0)
>>>     if not firstaxis.isTime():
>>>         raise 'First axis is not time, variable:', x.id
>>>
>>>     n = count(x,0)
>>>     sumxx = sum(x*x)
>>>     sumx = sum(x)
>>>     variance = (n*sumxx -(sumx * sumx))/(n * (n-1.))
>>>
>>>     return variance, n
>>>
>>>   if __name__=='__main__':
>>>     import vcs, sys
>>>
>>>     print 'Enter dataset path [/pcmdi/cdms2/obs/erbs_mo.xml]: ',
>>>     path = string.strip(sys.stdin.readline())
>>>     if path=='': path='/pcmdi/cdms2/obs/erbs_mo.xml'
>>>
>>> 2.  # Open the dataset
>>>     dataset = cdms2.open(path)
>>>
>>>     # Select a variable from the dataset
>>>     print 'Variables in file:',path
>>>     varnames = dataset.variables.keys()
>>>     varnames.sort()
>>>     for varname in varnames:
>>>
>>>         var = dataset.variables[varname]
>>>         if hasattr(var,'long_name'):
>>>             long_name = var.long_name
>>>         elif hasattr(var,'title'):
>>>             long_name = var.title
>>>         else:
>>>             long_name = '?'
>>>
>>>     print '%-10s: %s'%(varname,long_name)
>>>     print 'Select a variable: ',
>>> 3.  varname = string.strip(sys.stdin.readline())
>>>     var = dataset(varname)
>>>     dataset.close()
>>>
>>>     # Calculate variance, count, and set attributes
>>>     variance,n = calcVar(var)
>>>     variance.id = 'variance_%s'%var.id
>>>     n.id = 'count_%s'%var.id
>>>     if hasattr(var,'units'):
>>>         variance.units = '(%s)^2'%var.units
>>>
>>>     # Plot variance
>>>     w=vcs.init()
>>> 4.  w.plot(variance)
>>>     pause()
>>>     w.clear()
>>>     w.plot(n)
>>>     pause()
>>>     w.clear()







The result of running this script is as follows:
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	>>> % calcVar.py
>>> Enter dataset path [/pcmdi/cdms2/sample/obs/erbs_mo.xml]:
>>>
>>> Variables in file: /pcmdi/cdms2/sample/obs/erbs_mo.xml
>>> albt    : Albedo TOA [%]
>>> albtcs : Albedo TOA clear sky [%]
>>> rlcrft  : LW Cloud Radiation Forcing TOA [W/m^2]
>>> rlut    : LW radiation TOA (OLR) [W/m^2]
>>> rlutcs : LW radiation upward TOA clear sky [W/m^2]
>>> rscrft : SW Cloud Radiation Forcing TOA [W/m^2]
>>> rsdt    : SW radiation downward TOA [W/m^2]
>>> rsut    : SW radiation upward TOA [W/m^2]
>>> rsutcs : SW radiation upward TOA clear sky [W/m^2]
>>> Select a variable: albt
>>>
>>> <The variance is plotted>
>>>
>>> Hit return to continue:
>>>
>>> <The number of points is plotted>







Notes:


	n = count(x, 0) returns the pointwise number of valid values, summing
across axis 0, the first axis. count is an MV function.


	dataset is a Dataset or CdmsFile object, depending on whether a .xml
or .nc pathname is entered. dataset.variables is a dictionary mapping
variable name to file variable.


	var is a transient variable.


	Plot the variance and count variables. Spatial longitude and latitude
information are carried with the computations, so the continents are
plotted correctly.












            

          

      

      

    

  

    
      
          
            
  
3. Module: CdTime


3.1. Time Types

The cdtime module implements the CDMS time types, methods, and
calendars. These are made available with the command:

>>> import cdtime





Two time types are available: relative time and component time. Relative
time is time relative to a fixed base time. It consists of:


	a units string, of the form ‘units since basetime’, and


	a floating-point value




For example, the time “28.0 days since 1996-1-1” has value=28.0, and
units=’days since 1996-1-1’

Component time consists of the integer fields year, month, day, hour,
minute, and the floating-point field second. A sample component time is
1996-2-28 12:10:30.0

The cdtime module contains functions for converting between these
forms, based on the common calendars used in climate simulation. Basic
arithmetic and comparison operators are also available.




3.2. Calendars

A calendar specifies the number of days in each month, for a given year.
cdtime supports these calendars:


	cdtime.GregorianCalendar: years evenly divisible by four are leap
years, except century years not evenly divisible by 400. This is
sometimes called the proleptic Gregorian calendar, meaning that the
algorithm for leap years applies for all years.


	cdtime.MixedCalendar: mixed Julian/Gregorian calendar. Dates
before 158210-15 are encoded with the Julian calendar, otherwise are
encoded with the Gregorian calendar. The day immediately following
1582-10-4 is 1582-10-15. This is the default calendar.


	cdtime.JulianCalendar: years evenly divisible by four are leap
years,


	cdtime.NoLeapCalendar: all years have 365 days,


	cdtime.Calendar360: all months have 30 days.




Several cdtime functions have an optional calendar argument. The
default calendar is the MixedCalendar. The default calendar may be
changed with the command:

cdtime.DefaultCalendar = newCalendar




3.3. Time Constructors

The following table describes the methods for creating time types.


3.3.1. Time Constructors

A relative time type has two members, value and units. Both can be set.






3.4. Relative Time


3.4.1. Relative Time Members






3.5. Component Time

A component time type has six members, all of which are settable.


3.5.1. Component Time








	Type

	Name

	Summary





	Integer

	year

	Year value



	Integer

	month

	Month, in the range 1..12



	Integer

	day

	Day of month, in the range 1 .. 31



	Integer

	hour

	Hour, in the range 0 .. 23



	Integer

	minute

	Minute, in the range 0 .. 59



	Float

	second

	Seconds, in the range 0.0 .. 60.0











3.6. Time Methods

The following methods apply both to relative and component times.


3.6.1. Time Methods








	Type

	Method

	Definition





	Comptime or Reltime

	t.add(value,intervalUnits, cdtime.DefaultCalendar)

	
	Add an interval of time to a time type t.
	
	Returns the same type of time.
	
	value is the   Float number of interval units.


	intervalUnits is ``cdtime.


	[Second (s) | Minute(s) Hour(s) | Day(s) |  Week(s) | Month(s) | Season(s) | Year(s) ]``


	calendar is the calendar type.















	Integer

	t.cmp(t2, cdtime.DefaultCalendar)

	
	Compare time values t and t2.
	Returns -1, 0, 1 as t is less than, equal to,
or greater than t2 respectively.



	t2 is the time to compare.


	calendar is the calendar type.














	Comptime or Reltime

	t.sub(value,intervalUnits, cdtime.DefaultCalendar)

	
	Subtract an interval of time from a time type t.
	
	Returns the same type of time.
	
	value is the Float number of interval units.


	intervalUnits is cdtime.[Second (s) | Minute(s) | Hour(s) | Day(s) | Week(s) | Month(s) | Season(s) | Year(s)]


	calendar is the calendar type.















	Comptime

	t.tocomp(cdtime.DefaultCalendar)

	
	Convert to component time.
	
	Returns the equivalent component time.
	
	calendar is the calendar type.















	Reltime

	t.torel(units, cdtime.DefaultCalendar)

	
	Convert to relative time.
	Returns the equivalent relative time.
















3.7. Examples

>>> import cdtime
>>> c = cdtime.comptime(1996,2,28)
>>> r = cdtime.reltime(28,"days since 1996-1-1")
>>> print r.add(1, cdtime.Day)
29.000000 days since 1996-1-1
>>> print c.add(36, cdtime.Hours)
1996-2-29 12:0:0.0





Note: When adding or subtracting intervals of months or years, only the month and year of the result are significant.   The reason is that intervals in months/years are not commensurate with intervals in days or fractional days. This leads to results that may be surprising.

>>> c = comptime(1979,8,31)
>>> c.add(1, cdtime.Month)
1979-9-1 0:0:0.0





In other words, the day component of c was ignored in the addition, and the day/hour/minute components of the results are just the defaults.  If the interval is in years, the interval is converted internally to months:

>>> c = comptime(1979,8,31)
>>> c.add(2, cdtime.Years)
1981-8-1 0:0:0.0





Compare time values.

>>> import cdtime
>>> r = cdtime.reltime(28,"days since 1996-1-1")
>>> c = cdtime.comptime(1996,2,28)
>>> print c.cmp(r)
1
>>> print r.cmp(c)
-1
>>> print r.cmp(r)
 1





Subtract an interval of time.

>>> import cdtime
>>> r = cdtime.reltime(28, "days since 1996-1-1")
>>> c = cdtime.comptime(1996, 2, 28)
>>> print r.sub(10, cdtime.Days)
18.000000 days since 1996-1-1
>>> print c.sub(30, cditme.Days)
1996-1-29 0:0:0.0





For intervals of years or months, see the note under add() in the example above.

Convert to component time.

>>> r = cdtime.reltime(28,"days since 1996-1-1")
>>> r.tocomp()
1996-1-29 0:0:0.0





Convert to relative time.

>>> c = comptime(1996,2,28)
>>> print c.torel("days since 1996-1-1")
58.000000 days since 1996-1-1
>>> r = reltime(28,"days since 1996-1-1")
>>> print r.torel("days since 1995")
393.000000 days since 1995
>>> print r.torel("days since 1995").value
393.0











            

          

      

      

    

  

    
      
          
            
  
4. Regridding Data


4.1. Overview

CDMS provides several methods for interpolating gridded data:


	From one rectangular, lat-lon grid to another (CDMS regridder)


	Between any two lat-lon grids (SCRIP regridder)


	From one set of pressure levels to another


	From one vertical (lat/level) cross-section to another vertical
cross-section.







4.2. CDMS Horizontal Regrider

The simplest method to regrid a variable from one rectangular, lat/lon
grid to another is to use the regrid function defined for variables.
This function takes the target grid as an argument, and returns the
variable regridded to the target grid:
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	>>> # wget "http://cdat.llnl.gov/cdat/sample_data/clt.nc"
>>> # wget "http://cdat.llnl.gov/cdat/sample_data/geos5-sample.nc"
>>> import cdms2
>>> import cdat_info
>>> f1=cdms2.open("clt.nc")
>>> f2=cdms2.open("geos5-sample.nc")
>>> clt=f1('clt')  # Read the data
>>> clt.shape
(120, 46, 72)
>>> ozone=f2['ozone']  # Get the file variable (no data read)
>>> outgrid = ozone.getGrid() # Get the target grid
>>> cltnew = clt.regrid(outgrid)
>>> cltnew.shape
(120, 181, 360)
>>> outgrid.shape
(181, 360)







A somewhat more efficient method is to create a regridder function. This
has the advantage that the mapping is created only once and can be used
for multiple arrays. Also, this method can be used with data in the form
of an MV2.MaskedArray. The steps in this process are:


	Given an input grid and output grid, generate a regridder function.


	Call the regridder function on a Numpy array, resulting in an array
defined on the output grid. The regridder function can be called with
any array or variable defined on the input grid.




The following example illustrates this process. The regridder function
is generated at line 9, and the regridding is performed at line 10:
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	>>> # wget "http://cdat.llnl.gov/cdat/sample_data/clt.nc"
>>> # wget "http://cdat.llnl.gov/cdat/sample_data/geos5-sample.nc"
>>> import cdms2
>>> from regrid2 import Regridder
>>> f = cdms2.open("clt.nc")
>>> cltf = f['clt']
>>> ingrid = cltf.getGrid()
>>> g = cdms2.open('geos5-sample.nc')
>>> outgrid = g['ozone'].getGrid()
>>> regridfunc = Regridder(ingrid, outgrid)
>>> cltnew = regridfunc(cltf)
>>> f.close()
>>> g.close()








4.2.1. Notes

Line #3 Makes the CDMS module available.

Line #4 Makes the Regridder class available from the regrid module.

Line #5 Opens the input dataset.

Line #6 Gets the variable object named ‘clt’. No data is read.

Line #7 Gets the input grid.

Line #8 Opens a dataset to retrieve the output grid.

Line #9 The output grid is the grid associated with the variable named ‘ozone’ in dataset g. Just the grid is retrieved, not the data.

Line #10 Generates a regridder function regridfunc.

Line #11 Reads all data for variable cltf, and calls the regridder
function on that data, resulting in a transient variable cltnew.






4.3. SCRIP Horizontal Regridder

To interpolate between grids where one or both grids is non-rectangular,
CDMS provides an interface to the SCRIP regridder package developed at
Los Alamos National Laboratory (https://oceans11.lanl.gov/trac/SCRIP).

Figure 3 illustrates the process:


	Obtain or generate the source and target grids in SCRIP netCDF
format. A CDMS grid can be written to a netCDF file, in SCRIP format,
using the write-ScripGrid method.


	Edit the input namelist file scrip_in to reference the grids and
select the method of interpolation, either conservative, bilinear,
bicubic, or distance-weighted. See the SCRIP documentation for
detailed instructions.


	Run the scrip executable to generate a remapping file containing the
transformation coefficients.


	CDMS, open the remapping file and create a regridder function with
the readRegridder method.


	Call the regridder function on the input variable, defined on the
source grid. The return value is the variable interpolated to the new
grid. Note that the variable may have more than two dimensions. Also
note that the input arguments to the regridder function depend on the
type of regridder. For example, the bicubic interpolation has
additional arguments for the gradients of the variable.







4.4. Regridding Data with SCRIP

Example:

Regrid data from a T42 to POP4/3 grid, using the first-order,
conservative interpolator.

In this example:


	The input grid is defined in remap_grid_T42.nc.


	The output grid is defined in remap_grid_POP43.nc.


	The input data is variable src_array in file sampleT42Grid.nc.


	The file scrip_in has contents:
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	>>> &remap_inputs
>>> num_maps = 1
>>>
>>> grid1_file = 'remap_grid_T42.nc'
>>> grid2_file = 'remap_grid_POP43.nc'
>>> interp_file1 = 'rmp_T42_to_POP43_conserv.nc'
>>> interp_file2 = 'rmp_POP43_to_T42_conserv.nc'
>>> map1_name = 'T42 to POP43 Conservative Mapping'
>>> map2_name = 'POP43 to T42 Conservative Mapping'
>>> map_method = 'conservative'
>>> normalize_opt = 'frac'
>>> output_opt = 'scrip'
>>> restrict_type = 'latitude'
>>> num_srch_bins = 90
>>> luse_grid1_area = .false.
>>> luse_grid2_area = .false.







num_maps specifies the number of mappings generated, either 1 or 2.
For a single mapping, grid1_file and grid2_file are the source
and target grid definitions, respectively. The map_method specifies
the type of interpolation, either ‘conservative’, ‘bilinear’, ‘bicubic’,
or ‘distwgt’ (distanceweighted). The remaining parameters are described
in the SCRIP documentation.

Once the grids and input file are defined, run the scrip executable to
generate the remapping file ‘rmp_T42_to_POP43_conserv.nc’
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	>>> % scrip
>>> Using latitude bins to restrict search.
>>>  Computing remappings between:
>>> T42 Gaussian Grid
>>>                                      and
>>> POP 4/3 Displaced-Pole T grid
>>> grid1 sweep
>>> grid2 sweep
>>> Total number of links = 63112







Next, run CDAT and create the regridder:
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	>>> # wget "http://cdat.llnl.gov/cdat/sample_data/remap_grid_POP43.nc"
>>> # wget "http://cdat.llnl.gov/cdat/sample_data/remap_grid_T42.nc"
>>> # wget "http://cdat.llnl.gov/cdat/sample_data/rmp_POP43_to_T42_conserv.nc"
>>> # wget "http://cdat.llnl.gov/cdat/sample_data/rmp_T42_to_POP43_conserv.nc"
>>> # wget "http://cdat.llnl.gov/cdat/sample_data/xieArkin-T42.nc"
>>> # Import regrid package for regridder functions
>>> import regrid2, cdms2
>>> # Read the regridder from the remapper file
>>> remapf = cdms2.open('rmp_T42_to_POP43_conserv.nc')
>>> regridf = regrid2.readRegridder(remapf)
>>> remapf.close()







Then read the input data and regrid:
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	>>> # Get the source variable
>>> f = cdms2.open('xieArkin-T42.nc')
>>> t42prc = f('prc')
>>> f.close()
>>> # Regrid the source variable
>>> popdat = regridf(t42prc)







Note that t42dat can have rank greater than 2. The trailing
dimensions must match the input grid shape. For example, if t42dat
has shape (12, 64, 128), then the input grid must have shape (64,128).
Similarly if the variable had a generic grid with shape (8092,), the
last dimension of the variable would have length 8092.




4.5. Pressure-Level Regridder

To regrid a variable which is a function of latitude, longitude,
pressure level, and (optionally) time to a new set of pressure levels,
use the pressureRegrid function defined for variables. This function
takes an axis representing the target set of pressure levels, and
returns a new variable d regridded to that dimension.
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	>>> # wget "http://cdat.llnl.gov/cdat/sample_data/ta_ncep_87-6-88-4.nc"
>>> f=cdms2.open("ta_ncep_87-6-88-4.nc")
>>> ta=f('ta')
>>> ta.shape
(11, 17, 73, 144)
>>> ta.getAxisIds()
['time', 'level', 'latitude', 'longitude']
>>> result = ta.pressureRegrid(cdms2.createAxis([1000.0]))
>>> result.shape
(11, 1, 73, 144)










4.6. Cross-Section Regridder

To regrid a variable which is a function of latitude, height, and
(optionally) time to a new latitude/height cross-section, use the
crossSectionRegridder defined for variables. This function takes as
arguments the new latitudes and heights, and returns the variable
regridded to those axes.
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	>>> # wget "http://cdat.llnl.gov/cdat/sample_data/ta_ncep_87-6-88-4.nc"
>>> f=cdms2.open("ta_ncep_87-6-88-4.nc")
>>> ta=f('ta')
>>> ta.shape
(11, 17, 73, 144)
>>> levOut=cdms2.createAxis([1000.0,950.])
>>> levOut.designateLevel()
>>> latOut=cdms2.createAxis(ta.getLatitude()[10:20])
>>> latOut.designateLatitude()
>>> ta0 = ta[0,:]
>>> ta0.getAxisIds()
['level', 'latitude', 'longitude']
>>> taout = ta0.crossSectionRegrid(levOut, latOut)
>>> taout.shape
(2, 10, 144)










4.7. Regrid Module

The regrid module implements the CDMS regridding functionality as
well as the SCRIP interface. Although this module is not strictly a part
of CDMS, it is designed to work with CDMS objects.




4.8. CDMS Horizontal Regridder

from regrid2 import Regridder





Makes the CDMS Regridder class available within a Python program. An
instance of Regridder is a function which regrids data from rectangular
input to output grids.


4.8.1. CDMS Regridder Constructor







	Constructor

	Description





	regridFunction = Regridder(inputGrid, outputGrid)

	
	Create a regridder function which interpolates a data array from
	
	input to output grid.
	
	CDMS regridder functions describes the calling sequence of this function.


	inputGrid and outputGrid are CDMS grid objects.




Note: To set the mask associated with inputGrid or outputGrid, use the grid setMask function.




















4.9. SCRIP Regridder

SCRIP regridder functions are created with the regrid.readRegridder
function:


4.9.1. SCRIP Regridder Constructor







	Constructor

	Description





	regridFunction = regrid.readRegridder(fileobj, mapMethod=None, checkGrid=1)

	
	Read a regridder from an open CDMS file object.
	
	fileobj is a CDMS file object, as returned from cdms.open.


	
	mapMethod is one of:
	
	'conservative': conservative remapper, suitable where area-integrated fields such as water or heat fluxes must be conserved.


	'bilinear': bilinear interpolation


	'bicubic': bicubic interpolation


	'distwgt': distance-weighted interpolation.










	It is only necessary to specify the map method if it is not defined in the file.


	If checkGrid is 1 (default), the grid cells are checked for convexity, and ‘repaired’ if necessary.


	Grid cells may appear to be nonconvex if they cross a 0 / 2pi boundary.


	The repair consists of shifting the cell vertices to the same side modulo 360 degrees.



















4.10. Regridder Functions

It is only necessary to specify the map method if it is not defined in
the file.

If checkGrid is 1 (default), the grid cells are checked for
convexity, and ‘repaired’ if necessary. Grid cells may appear to be
nonconvex if they cross a 0 / 2pi boundary. The repair consists of
shifting the cell vertices to the same side modulo 360 degrees.




4.11. CDMS Regridder Functions

A CDMS regridder function is an instance of the CDMS Regridder
class. The function is associated with rectangular input and output
grids. Typically its use is straightforward:



	The function is passed an input array and returns the regridded array.
However, when the array has missing data, or the input and/or output
grids are masked, the logic becomes more complicated.








4.11.1. Step 1

The regridder function first forms an input mask. This mask is either
two-dimensional or n-dimensional, depending on the rank of the
user-supplied mask. If no mask or missing value is specified, the mask
is obtained from the data array mask if present.

Two-dimensional case:


	Let mask_1 be the two-dimensional user mask supplied via the mask
argument, or the mask of the input grid if no user mask is specified.


	If a missing-data value is specified via the missing argument, let
the implicit_mask be the two-dimensional mask defined as 0 where the
first horizontal slice of the input array is missing, 1 elsewhere.


	The input mask is the logical AND(mask_1, implicit_mask)




N-dimensional case:


	If the user mask is 3 or 4-dimensional with the same shape as the
input array, it is used as the input mask.







4.11.2. Step 2

The data is then regridded. In the two-dimensional case, the input mask
is ‘broadcast’ across the other dimensions of the array. In other words,
it assumes that all horizontal slices of the array have the same mask.
The result is a new array, defined on the output grid. Optionally, the
regridder function can also return an array having the same shape as the
output array, defining the fractional area of the output array which
overlaps a non-missing input grid cell. This is useful for calculating
area-weighted means of masked data.




4.11.3. Step 3

Finally, if the output grid has a mask, it is applied to the result
array. Where the output mask is 0, data values are set to the missing
data value, or 1.0e20 if undefined. The result array or transient
variable will have a mask value of 1 (invalid value) for those output
grid cells which completely overlap input grid cells with missing values




4.11.4. CDMS Regridder Function








	Type

	Function

	Description





	Array or Transient-Variable

	regridFunction (array, missing=None, order=None, mask=None)

	
	Interpolate a gridded data array to a new grid.
	The interpolation preserves the area-weighted
mean on each horizontal slice. If array is a
Variable, a TransientVariable of  the same rank
as the input array is returned, otherwise a masked
array is returned.



	array is a Variable, masked array, or Numpy array of rank 2, 3, or 4.


	For example, the string ‘tzyx’ indicates that the dimension order of array is (time, level, latitude, longitude).


	If unspecified, the function assumes that the last two dimensions of array match the input grid.


	missing is a Float specifying the missing data value. The default is 1.0e20.


	order is a string indicating the order of dimensions of the array.  It has the form returned from variable.getOrder().


	mask is a Numpy array, of datatype Integer or Float, consisting of a fractional number between 0 and 1.


	A value of 1 or 1.0 indicates that the corresponding data value is to be ignored for purposes of regridding.


	A value of 0 or 0.0 indicates that the corresponding data value is valid. This is consistent with the convention for masks used by the MV2 module.


	A fractional value between 0.0 and 1.0 indicates the fraction of the data value (e.g., the corresponding cell) to be ignored when regridding. This is useful if a variable is regridded first to grid A and then to another grid B; the mask when regridding from A to B would be (1.0 - f) where f is the maskArray returned from the initial grid operation using the returnTuple argument.




















4.11.5. DMS Regridder Function(cont’d)








	Type

	Function

	Description





	Array or Transient-Variable

	regridFunction (array, missing=None, order=None, mask=None)

	
	Interpolate a gridded data array to a new grid.
	The interpolation preserves the area-weighted
mean on each horizontal slice. If array is a
Variable, a TransientVariable of  the same
rank as the input array is returned, otherwise
a masked array is returned.



	If mask is two-dimensional of the same shape as the input grid, it overrides the mask of the input grid.


	If the mask has more than two dimensions, it must have the same shape as array. In this case, the missing data value is also ignored. Such an ndimensional mask is useful if the pattern of missing data varies with level (e.g., ocean data) or time.




Note: If neither missing or mask is set, the default mask is obtained from the mask of the array if any.











	Array, Array

	regridFunction (ar, missing=None, order=None, mask=None, returnTuple=1)

	If called with the optional returnTuple
argument equal to 1, the function returns a tuple dataArray, maskArray).



	dataArray is the result data array.


	maskArray is a Float32 array of the same shape as dataArray, such that maskArray[i,j] is fraction of the output grid cell [i,j] overlapping a non-missing cell of the grid.


















4.12. SCRIP Regridder Functions

A SCRIP regridder function is an instance of the ScripRegridder class.
Such a function is created by calling the regrid.readRegridder method.
Typical usage is straightforward:

	1
2
3
4
5
6
7
8
9

	>>> import cdms2
>>> import regrid2
>>> remapf = cdms2.open('rmp_T42_to_POP43_conserv.nc')
>>> regridf = regrid2.readRegridder(remapf)
>>> f = cdms2.open('xieArkin-T42.nc')
>>> t42prc = f('prc')
>>> f.close()
>>> # Regrid the source variable
>>> popdat = regridf(t42prc)







The bicubic regridder takes four arguments:

>>> # outdat = regridf(t42prc, gradlat, gradlon, gradlatlon)





A regridder function also has associated methods to retrieve the
following fields:


	Input grid


	Output grid


	Source fraction: the fraction of each source (input) grid cell
participating in the interpolation.


	Destination fraction: the fraction of each destination (output) grid
cell participating in the interpolation.




In addition, a conservative regridder has the associated grid cell areas
for source and target grids.


4.12.1. SCRIP Regridder Functions








	Return Type

	Method

	Description





	Array or Transient-Variable

	[conservative, bilinear, and distance-weighted regridders] regridFunction(array)

	
	Interpolate a gridded data array to a new grid.
	
	The return value is the regridded data variable.
	
	array is a Variable, MaskedArray, or Numpy array.


	The rank of the array may be greater than the rank of the input grid, in which case the input grid shape must match a trailing portion of the array shape.


	For example, if the input grid is curvilinear with shape (64,128), the last two dimensions of the array must match.


	Similarly, if the input grid is generic with shape (2560,), the last dimension of the array must have that length.















	Array or Transient-Variable

	[bicubic regridders] regridFunction(array, gradientLat, gradientLon, gradientLatLon)

	
	Interpolate a gridded data array to a new grid,
	using a bicubic regridder.
The return value is the regridded data variable.



	array is a Variable, MaskedArray, or Numpy array.


	The rank of the array may be greater than the rank of the input grid, in which case the input grid shape must match a trailing portion of the array shape.


	For example, if the input grid is curvilinear with shape (64,128), the last two dimensions of the array must match.


	Simiarly, if the input grid is generic with shape (2560,), the last dimension of the array must have that length.


	gradientLat: df/di (see the SCRIP documentation). Same shape as array.


	gradientLon: df/dj. Same shape as array.


	gradientLatLon: d(df)/(di)(dj). Same shape as array.




















4.12.2. SCRIP Regridder Functions(con’td)








	Return Type

	Method

	Description





	Numpy array

	getDestinationArea() [conservative regridders only]

	
	Return the area of the destination (output) grid cell.
	
	The array is 1-D, with length equal to the number of cells in the output grid.











	Numpy array

	getDestination Fraction()

	
	Return the area fraction of the destination (output)
	
	grid cell that participates in the regridding.
	
	The array is 1-D, with length equal to the number of cells in the output grid.















	CurveGrid or Generic-Grid

	getInputGrid()

	Return the input grid, or None if no input grid is associated with the regridder.



	CurveGrid or Generic-Grid

	getOutputGrid()

	Return the output grid.



	Numpy array

	getSourceFraction()

	
	Return the area fraction of the source (input)
	
	grid cell that participates in the regridding.
	
	The array is 1-D, with length equal to the number of cells in the input grid























4.13. Examples


4.13.1. CDMS Regridder

Example:

Regrid data to a uniform output grid.

	1
2
3
4
5
6
7
8
9

	>>> import cdms2
>>> from regrid2 import Regridder
>>> f = cdms2.open('clt.nc')
>>> cltf = f.variables['clt']
>>> ingrid = cltf.getGrid()
>>> outgrid = cdms2.createUniformGrid(90.0, 46, -4.0, 0.0, 72, 5.0)
>>> regridFunc = Regridder(ingrid, outgrid)
>>> newrls = regridFunc(cltf)
>>> f.close()










4.13.2. Regridder Constructure







	Line

	Notes





	3

	Open a netCDF file for input.



	6

	Create a 4 x 5 degree output grid. Note that this grid is not associated with a file or dataset.



	7

	Create the regridder function.



	8

	Read all data and regrid. The missing data value is obtained from variable rlsf






Return the area fraction of the source (input) grid cell that
participates in the regridding. The array is 1-D, with length equal to
the number of cells in the input grid.

Example:

Get a mask from a separate file, and set as the input grid mask.

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17

	>>> # wget http://cdat.llnl.gov/cdat/sample_data/clt.nc
>>> # wget http://cdat.llnl.gov/cdat/sample_data/geos5-sample.nc
>>> import cdms2
>>> from regrid2 import Regridder
>>> #
>>> f = cdms2.open('clt.nc')
>>> cltf = f.variables['clt']
>>> outgrid = cltf.getGrid()
>>> g = cdms2.open('geos5-sample.nc')
>>> ozoneg = g.variables['ozone']
>>> ingrid = ozoneg.getGrid()
>>> regridFunc = Regridder(ingrid,outgrid)
>>> uwmaskvar = g.variables['uwnd']
>>> uwmask = uwmaskvar[:]<0
>>> outArray = regridFunc(ozoneg.subSlice(time=0),mask=uwmask)
>>> f.close()
>>> g.close()













	Line

	Notes





	7

	Get the input grid.



	10

	Get the output grid.



	11

	Create the regridder function.



	14

	Get the mask.



	15

	Regrid with a user mask. The subslice call returns a transient variable corresponding to variables of at time 0.






Note: Although it cannot be determined from the code, both mask and
the input arrays of are four-dimensional. This is the n-dimensional
case.

Example:

Generate an array of zonal mean values.

	1
2
3
4
5
6
7

	>>> f = cdms2.open(‘rls_ccc_per.nc’)
>>> rlsf = f.variables[‘rls’]
>>> ingrid = rlsf.getGrid()
>>> outgrid = cdms2.createZonalGrid(ingrid)
>>> regridFunc = Regridder(ingrid,outgrid)
>>> mean = regridFunc(rlsf)
>>> f.close()













	Line

	Notes





	3

	Open a netCDF file for inputGet the input grid. Return the area fraction of the source (input) grid cell that participates in the regridding. The array is 1-D, with length equal to the number of cells in the input grid.



	4

	Create a zonal grid. outgrid has the same latitudes as ingrid, and a singleton longitude dimension. createGlobalMeanGrid could be used here to generate a global mean array.



	5

	Generate the regridder function.



	6

	Generate the zonal mean array.






Example:

Regrid an array with missing data, and calculate the area-weighted mean
of the result.

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17

	>>> import cdms2
>>> from cdms2.MV2 import *
>>> from regrid2 import Regridder
>>> f = cdms2.open("ta_ncep_87-6-88-4.nc")
>>> var = f('ta')
>>> outgrid = cdms2.createUniformGrid(90.0, 46, -4.0, 0.0, 72, 5.0)
>>> outlatw, outlonw = outgrid.getWeights()
>>> outweights = outerproduct(outlatw, outlonw)
>>> grid = var.getGrid()
>>> sample = var[0,0]
>>> latw, lonw = grid.getWeights()
>>> weights = outerproduct(latw, lonw)
>>> inmask = where(greater(absolute(sample),1.e15),0,1)
>>> mean = add.reduce(ravel(inmask*weights*sample))/add.reduce(ravel(inmask*weights))
>>> regridFunc = Regridder(grid, outgrid)
>>> outsample, outmask = regridFunc(sample, mask=inmask, returnTuple=1)
>>> outmean = add.reduce(ravel(outmask*outweights*outsample)) / add.reduce(ravel(outmask*outweights))













	Line

	Notes





	2

	Create a uniform target grid.



	3

	Get the latitude and longitude weights.



	4

	Generate a 2-D weights array.



	5

	Get the input grid. var is a 4-D variable.



	6

	Get the first horizontal slice from var.



	7-8

	Get the input weights, and generate a 2-D weights array.



	9

	Set the 2-D input mask.



	10

	Calculate the input array area-weighted mean.



	11

	Create the regridder function.



	12

	Regrid. Because returnTuple is set to 1, the result is a tuple (dataArray, maskArray).



	13

	Calculate the area-weighted mean of the regridded data. mean and outmean should be approximately equal.









4.13.3. SCRIP Regridder

Example:

Regrid from a curvilinear to a generic grid, using a conservative
remapping. Compute the area-weighted means on input and output for
comparison.

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
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13
14
15
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22
23
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28

	>>> # wget "http://cdat.llnl.gov/cdat/sample_data/remap_grid_T42.nc"
>>> # wget http://cdat.llnl.gov/cdat/sample_data/rmp_T42_to_C02562_conserv.nc
>>> # wget "http://cdat.llnl.gov/cdat/sample_data/xieArkin-T42.nc"
>>> import cdms2, regrid2, MV2
>>> # Open the SCRIP remapping file and data file
>>> fremap = cdms2.open('rmp_T42_to_C02562_conserv.nc')
>>> fdat = cdms2.open('xieArkin-T42.nc')
>>> # Input data array
>>> dat = fdat('prc')[0,:]
>>> # Read the SCRIP regridder
>>> regridf = regrid2.readRegridder(fremap)
>>> # Regrid the variable
>>> outdat = regridf(dat)
>>> # Get the cell area and fraction arrays. Areas are computed only
>>> # for conservative regridding.
>>> srcfrac = regridf.getSourceFraction()
>>> srcarea = regridf.getSourceArea()
>>> dstfrac = regridf.getDestinationFraction()
>>> dstarea = regridf.getDestinationArea()
>>> # calculate area-weighted means
>>> inmean = MV2.sum(srcfrac*srcarea*MV2.ravel(dat)) / MV2.sum(srcfrac*srcarea)
>>> outmean = MV2.sum(dstfrac*dstarea*MV2.ravel(outdat)) / MV2.sum(dstfrac*dstarea)
>>> print 'Input mean:', inmean
Input mean: 2.60376502339
>>> print 'Output mean:', outmean
Output mean: 2.60376502339
>>> fremap.close()
>>> fdat.close()















            

          

      

      

    

  

    
      
          
            
  
5. Climate Data Markup Language (CDML)


5.1. Introduction

The Climate Data Markup Language (CDML) is the markup language used to
represent metadata in CDMS. CDML is based on the W3C XML standard
(https://www.w3.org). This chapter defines the syntax of CDML. Read this
section if you will be building or maintaining a CDMS database.

XML, the eXtensible Markup Language, makes it possible to define
interoperable dialects of markup languages. The most recent version of
HTML, the Web hypertext markup language, is an XML dialect. CDML is also
an XML dialect, geared toward the representation of gridded climate
datasets. XML provides rigor to the metadata representation, ensuring
that applications can access it correctly. XML also deals with
internationalization issues, and holds forth the promise that utilities
for browsing, editing, and other common tasks will be available in the
future.

CDML files have the file extension .xml or .cdml.




5.2. Elements

A CDML document consists of a nested collection of elements. An element
is a description of the metadata associated with a CDMS object. The form
of an element is:

<tag attribute-list> element-content </tag>

or

<tag attribute-list />

where


	tag is a string which defines the type of element


	attribute-list is a blank-separated list of attribute-value
pairs, of the form:

attribute = "value"



	element-content depends on the type of element. It is either a
list of elements, or text which defines the element values. For
example, the content of an axis element either is a list of axis
values, or is a linear element.


	For datasets, the content is the blank-separated list of elements corresponding to the axes, grids, and variables contained in the dataset.




The CDML elements are:


5.2.1. CDML Tags







	Tag

	Description





	attr

	Extra attribute



	axis

	Coordinate axis



	domain

	Axes on which a variable is defined



	domElem

	Element of a variable domain



	linear

	Linearly-spaced axis values



	rectGrid

	Rectilinear Grid



	variable

	Variable











5.3. Special Characters

XML reserves certain characters for markup. If they appear as content,
they must be encoded to avoid confusion with markup:


5.3.1. Special Character Encodings







	Character

	Encoding





	<

	&lt;



	>

	&gt;



	&

	&amp;



	“

	&quot;



	‘

	&apos;






For example, the comment

Certain “special characters”, such as <, >, and ‘, must be encoded.

would appear in an attribute string as:

comment = “Certain &quot;special characters&quot;, such as &lt;, &gt;, and &apos;, must be encoded.”






5.4. Identifiers

In CDMS, all objects in a dataset have a unique string identifier. The
id attribute holds the value of this identifier. If the variable, axis,
or grid has a string name within a data file, then the id attribute
ordinarily has this value. Alternatively, the name of the object in a
data file can be stored in the name_in_file attribute, which can
differ from the id. Datasets also have IDs, which can be used within a
larger context (databases).

An identifer must start with an alphabetic character (upper or lower
case), an underscore (_), or a colon (:). Characters after the first
must be alphanumeric, an underscore, or colon. There is no restriction
on the length of an identifier.




5.5. CF Metadata Standard

The CF metadata standard [https://cfconventions.org/] defines a set
of conventions for usage of netCDF. This standard is supported by CDML.
The document defines names and usage for metadata attributes. CF
supersedes the GDT 1.3 standard.




5.6. CDML Syntax

The following notation is used in this section:


	A monospaced block is used for a syntax specification.


	Bold text indicates literals.


	(R|S) denotes either R or S.


	R* denotes zero or more R.


	R+ denotes one or more R.




A CDML document consists of a prolog followed by a single dataset
element.

CDML-document ::= prolog dataset-element

The prolog defines the XML version, and the Document Type Definition
(DTD), a formal specification of the document syntax.
See https://www.w3.org/TR/1998/REC-xml-19980210 for a formal definition of XML

Version 1.0.

prolog ::= <?xml version="1.0"?> <!DOCTYPE dataset SYSTEM "https://www-pcmdi.llnl.gov/~drach/cdms/cdml.dtd">


5.6.1. Dataset Element

A dataset element describes a single dataset. The content is a list of
elements corresponding to the axes, grids, and variables contained in
the dataset. Axis, variable, and grid elements can be listed in any
order, and an element ID can be used before the element is actually
defined.

dataset-element ::=  <dataset dataset-attributes> dataset-content </dataset>

dataset-content ::= (axis-element | grid-element | variable-element)* extra-attribute-element+




5.6.2. Dataset Attributes










	Attribute

	Req?

	CF

	GDT

	Notes





	appendices

	N

	N

	Y

	Version number



	calendar

	N

	N

	Y

	
	Calendar used for encoding time axes.
	
	gregorian | julian | noleap |360_day | proleptic_gregorian | standard




Note: for the CF convention, the calendar attribute is placed on the time axis.








	comment

	N

	Y

	Y

	Additional dataset information



	conventions

	Y

	Y

	Y

	The netCDF metadata standard. Example: ‘CF-1.0’



	cdms_filemap

	Y

	N

	N

	Map of partitioned axes to files. See note below.



	directory

	N

	N

	N

	Root directory of the dataset



	frequency

	N

	N

	N

	Temporal frequency



	history

	N

	Y

	Y

	Evolution of the data



	id

	Y

	N

	N

	Dataset identifier



	institution

	N

	Y

	Y

	Who made or supplied the data



	production

	N

	N

	Y

	How the data was produced (see source)



	project

	N

	N

	N

	Project associated with the data Example: ‘CMIP 2’



	references

	N

	Y

	N

	Published or web-based references that describe the data or methods used to produce it



	source

	N

	Y

	N

	The method of production of the original data.



	template

	N

	N

	N

	Filename template. This is an alternate mechanism, other than cdms_filemap, for describing the file mapping. See ‘cdimport -h’ for details.



	title

	N

	Y

	N

	A succinct description of the data.






Notes:

The cdms_filemap attribute describes how the dataset is partitioned
into files. The format is:


	filemap ::= [ varmap, varmap, ...]


	varmap ::= [ namelist, slicelist ]


	namelist ::= [ name, name, ... ]


	slicelist ::= [ indexlist, indexlist, ,,, ]


	indexlist ::= [ time0, time1, lev0, lev1, path ]


	name ::= variable name


	time0 ::= first index of time in the file, or '-' if not split on time


	time1 ::= last index of time + 1, in the file, or '-' if not split on time


	lev0 ::= first index of vertical levels in the file, or '-' if not split on level


	lev1 ::= last index +1 of vertical levels in the file, or '-' if not split on level


	path ::= pathname of the file containing data for this time/level range.




The pathname is appended to the value of the directory attribute, to
obtain an absolute pathname.




5.6.3. Axis Element

An axis element describes a single coordinate axis. The content can be a
blank-separated list of axis values or a linear element. A linear
element is a representation of a linearly-spaced axis as (start, delta,
length).

axis-element ::= <axis axis-attributes> axis-content </axis>

axis-content ::= (axis-values | linear-element) extra-attribute-element*

axis-values ::= [value*]

linear-element ::= <linear delta= "value” length= “Integer“ start= “value“ > </linear>




5.6.4. Axis Elements










	Attribute

	Req?

	CF

	GDT

	Notes





	associate

	N

	N

	Y

	IDs of variables containing alternative sets of coordinates.



	axis

	N

	Y

	Y

	
	The spatial type of the axis:
	
	‘T’ - time


	‘X’ - longitude


	‘Y’ - latitude


	‘Z’ - vertical level


	‘-‘ - not spatiotemporal











	bounds

	N

	Y

	Y

	ID of the boundary variable



	calendar

	N

	Y

	N

	See dataset.calendar



	climatology

	N

	Y

	N

	Range of dates to which climatological statistics apply.



	comment

	N

	Y

	N

	String comment



	compress

	N

	Y

	Y

	Dimensions which have been compressed by gathering



	datatype

	Y

	N

	N

	Char, Short, Long, Float, Double, or String



	dates

	N

	Y

	N

	Range of dates to which statistics for a typical diurnal cycle apply.



	expand

	N

	N

	Y

	Coordinates prior to contraction



	formula_terms

	N

	Y

	N

	Variables that correspond to the terms in a formula.



	id

	Y

	N

	N

	Axis identifier. Also the name of the axis in the underlying file(s), if name_in_file is undefined.



	isvar

	N

	N

	N

	
	‘true’ | ‘false’
	
	‘false’ if the axis does not have coordinate values explicitly defined in the underlying file(s).


	Default: ‘true’











	leap_month

	N

	Y

	N

	For a user-defined calendar, the month which is lengthened by a day in leap years.



	leap_year

	N

	Y

	N

	An example of a leap year for a user-defined calendar. All years that differ from this year by a multiple of four are leap years.



	length

	N

	N

	N

	Number of axis values, including values for which no data is defined. Cf.  partition_length.



	long_name

	N

	Y

	Y

	Long description of a physical quantity



	modulo

	N

	N

	Y

	Arithmetic modulo of an axis with circular topology.



	month_lengths

	N

	Y

	N

	Length of each month in a non-leap year for a user-defined calendar.



	name_in_file

	N

	N

	N

	Name of the axis in the underlying file(s). See id.



	partition

	N

	N

	N

	How the axis is split across files.



	partition_length

	N

	N

	N

	Number of axis points for which data is actually defined. If data is missing for some values, this will be smaller than the length.



	positive

	N

	Y

	Y

	Direction of positive for a vertical axis



	standard_name

	N

	Y

	N

	Reference to an entry in the standard name table.



	topology

	N

	N

	Y

	
	Axis topology.
	
	‘circular’ | ‘linear’











	units

	Y

	Y

	Y

	Units of a physical quantity



	weights

	N

	N

	N

	Name of the weights array









5.6.5. Partition attribute

For an axis in a dataset, the .partition attribute describes how an axis
is split across files. It is a list of the start and end indices of each
axis partition.

FIGURE 4. Partitioned axis


[image: ]


For example, Figure 4 shows a time axis, representing the 36 months,
January 1980 through December 1982, with December 1981 missing. The
first partition interval is (0,12), the second is (12,23), and the third
is (24,36), where the interval (i,j) represents all indices k such that
i <= k < j. The .partition attribute for this axis would be the list:

[0, 12, 12, 23, 24, 36]

Note that the end index of the second interval is strictly less than the
start index of the following interval. This indicates that data for that
period is missing.




5.6.6. Grid Element

A grid element describes a horizontal, latitude-longitude grid which is
rectilinear in topology,

grid-element ::= <rectGrid grid-attributes>
extra-attribute-element* </rectGrid>




5.6.7. 6.5 RectGrid Attributes

<th>Attribute</th> <th>Required?</th> <th>GDT?</th> <th>Notes</th>
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6. CDMS Utilities


6.1. CdScan: Importing Datasets into CDMS


6.1.1. Overview

A dataset is a partitioned collection of files. To create a dataset, the
files must be scanned to produce a text representation of the dataset.
CDMS represents datasets as an ASCII metafile in the CDML markup
language. The file contains all metadata, together with information
describing how the dataset is partitioned into files. (Note: CDMS
provides a direct interface to individual files as well. It is not
necessary to scan an individual file in order to access it.)

For CDMS applications to work correctly, it is important that the CDML
metafile be valid. The cdscan utility generates a metafile from a
collection of data files.

CDMS assumes that there is some regularity in how datasets are
partitioned:


	A variable can be partitioned (split across files) in at most two
dimensions.


	The partitioned dimension(s) must be either time or
vertical level dimensions; variables may not be partitioned across
longitude or latitude.


	Datasets can be parti-tioned by variable as
well.


	For example, one set of files might contain heat fluxes, while
another set contains wind speeds.




Otherwise, there is considerable flexibility in how a dataset can be
partitioned:


	Files can contain a single variable or all variables in the dataset.


	The time axis can have gaps.


	Horizontal grid boundary information and related information can be
duplicated across files.


	Variables can be on different grids.


	Files may be in any of the self-describing formats supported by CDMS,
including netCDF, HDF, GrADS/GRIB, and DRS.







6.1.2. Syntax

The syntax of the cdscan command is



	cdscan [options] file1 file2 …







or



	cdscan [options] -f file_list







where


	file1 file2 ... is a blank-separated list of files to scan


	file_list is the name of a file containing a list of files to
scan, one pathname per line.




Output is written to standard output by default. Use the -x option to
specify an output filename.




6.1.3. CDScan Command Options







	Option

	Description





	-a alias_file

	
	Change variable names to the aliases defined in an alias file.
	
	Each line of the alias file consists of two blank separated fields:
	
	variable_id alias.


	variable_id is the ID of the variable in the file, and


	alias is the name that will be substituted for it in the output dataset.


	Only variables with entries in the alias_file are renamed.















	-c calendar

	
	Specify the dataset calendar attribute.
	One of:
* gregorian (default)
* julian
* noleap
* proleptic_gregorian
* standard
* 360_day








	-d dataset_id

	
	String identifier of the dataset.
	
	Should not contain blanks or non-printing characters.


	Default: ‘None’











	-e newattr

	
	Add or modify attributes of a file, variable, or axis.
	
	The form of newattr is either:
	
	var.attr = value to modify a variable or attribute, or


	.attr = value to modify a global (file) attribute.


	In either case, value may be quoted to preserve spaces or force the attribute to be treated as a string.


	If value is not quoted and the first character is a digit, it is converted to integer or floating-point. This option does not modify the input datafiles. See notes and examples below.















	--exclude var,var,...

	
	Exclude specified variables.
	
	The argument is a comma-separated list of variables containing no blanks.


	Also see --include.

















6.1.4. CDScan Command Options(cont’d)







	Option

	Description





	-f file_list

	File containing a list of absolute data file names, one per line.



	-h

	Print a help message.



	-i time_delta

	
	Causes the time dimension to be represented as linear, producing a more compact
	
	representation.
	
	This is useful if the time dimension is very long.






	time_delta is a float or integer.


	For example, if the time delta is 6 hours, and the reference units are hours since xxxx , set the time delta to 6.  See the -r option. See Note 2.


















	--include var,var,...

	
	Only include specified variables in the output.
	
	The argument is a comma-separated list of variables containing no blanks.


	Also see --exclude.











	-j

	
	Scan time as a vector dimension.
	
	Time values are listed individually.




Note: Turns off the -i option.








	-l levels

	
	Specify that the files are partitioned by vertical level. That is, data for different
	
	vertical levels may appear in different files.
	
	levels is a comma-separated list of levels containing no blanks.


	See Note 3.















	-m levelid

	
	Name of the vertical level dimension.
	
	The default is the vertical dimension as determined by CDMS.


	See Note 3.

















6.1.5. CDScan Command Options(cont’d)







	Option

	Description





	-p template

	
	Add a file template string, for compatibility with pre-V3.0 datasets.
	
	cdimport -h describes template strings.











	-q

	Quiet mode.



	-r time_units

	
	Time units of the form units since yyyy-mm-dd hh:mi:ss, where:
	
	units is one of ‘year’, ‘month’, ‘day’, ‘hour’, ‘minute’, ‘second’.











	-s suffix_file

	
	Append a suffix to variable names, depending on the directory containing the data file.
	This can be used to distinguish variables having the same name but
generated by different models or ensemble runs.



	suffix_file is the name of a file describing a mapping between directories and suffixes.


	Each line consists of two blank-separated fields: directory suffix.


	Each file path is compared to the directories in the suffix file.


	If the file path is in that directory or a subdirectory, the corresponding suffix is appended to the variable IDs in the file.


	If more than one such directory is found, the first directory found is used.


	If no match is made, the variable ids are not altered. Regular expressions can be used: see the example in the Notes section.














	-t timeid

	
	ID of the partitioned time dimension.
	
	The default is the name of the time dimension as determined by CDMS.


	See Note 1.











	--time-linear tzero,delta,units[,calendar]

	
	Override the time dimensions(s) with a linear time dimension.
	
	The arguments are comma-separated list:
	

	zero is the initial time point, a floating-point value.


	delta is the time delta, floating-point.


	units are time units as specified in the [-r] option.


	calendar is optional, and is specified as in the [-c] option.


	If omitted, it defaults to the value specified by [-c], otherwise as specified in the file.







Example: --time-linear '0,1,months since 1980,noleap'












	-x xmlfile

	Output file name. By default, output is written to standard output.






Notes:


	Files can be in netCDF, GrADS/GRIB, HDF, or DRS format, and can be listed in any order. Most commonly, the files are the result of a single experiment, and the ‘partitioned’ dimension is time. The time dimension of a variable is the coordinate variable having a name that starts with ‘time’ or having an attribute axis=’T’. If this is not the case, specify the time dimension with the -t option. The time dimension should be in the form supported by cdtime. If this is not the case (or to override them) use the -r option.


	By default, the time values are listed explicitly in the output XML.  This can cause a problem if the time dimension is very long, say for 6-hourly data. To handle this the form cdscan -i delta <files> may be used. This generates a compact time representation of the form <start, length, delta>. An exception is raised if the time dimension for a given file is not linear.


	Another form of the command is cdscan -l lev1,lev2,..,levn <files>. This asserts that the dataset is partitioned in both time and vertical level dimensions. The level dimension of a variable is the dimension having a name that starts with “lev”, or having an attribute “axis=Z”. If this is not the case, set the level name with the -m option.





	
	Adding or modifying attributes with the -e option:
	
	time.units = “days since 1979-1-1”










	sets the units of all variables/axes to “days since 1979-1-1”. Note that since this is done before any other
processing is done, it allows overriding of non-COARDS time units.



	.newattr=newvalue









	Set the global file attribute ‘newattr’ to ‘newvalue’.


	The [--time-linear] option overrides the time values in the file(s). The resulting dimension does
not have any gaps. In contrast, the [-i], [-r] options use the specified time units (from [-r]),
and calendar from [-c] if specified, to convert the file times to the new units. The resulting linear
dimension may have gaps.



	In either case, the files are ordered by the time values in the files.


	The [--time-linear] option should be used with caution, as it is applied to all the time dimensions found.














6.1.6. Examples


	cdscan -c noleap -d test -x test.xml [uv]*.nc


	cdscan -d pcmdi_6h -i 0.25 -r ‘days since 1979-1-1’ 6h.ctl







6.1.7. File Formats

Data may be represented in a variety of self-describing binary file
formats, including


	netCDF, the Unidata Network Common Data Format


	HDF, the NCSA Hierarchical Data Format


	GrADS/GRIB, WMO GRIB plus a GrADS control file (.ctl) The first
non-comment line of the control file must be a dset specification.


	DRS, the PCMDI legacy format.







6.1.8. Name Aliasing

A problem can occur if variables in different files are defined on
different grids. What if the axis names are the same? CDMS requires that
within a dataset, axis and variable IDs (names) be unique. What should
the longitude axes be named in CDMS to ensure uniqueness? The answer is
to allow CDMS IDs to differ from file names.

If a variable or axis has a CDMS ID which differs from its name in the
file, it is said to have an alias. The actual name of the object in the
file is stored in the attribute name_in_file. cdscan uses this
mechanism (with the -a and s options) to resolve name conflicts;
a new axis or variable ID is generated, and the name_in_file is set
to the axis name in the file.

Name aliases also can be used to enforce naming standards. For data
received from an outside organization, variable names may not be
recognized by existing applications. Often it is simpler and safer to
add an alias to the metafile rather than rewrite the data
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7. APPENDIX A


7.1. CDMS Classes

Figure 1, “CDMS Classes”, illustrates the class inheritance
structure of CDMS. The classes may be categorized as abstract or
concrete. Only concrete classes are meant to be used directly. In
contrast an abstract class defines the common interface of its
subclasses. For example, the class AbstractAxis2D defines the common
interface for two-dimensional coordinate axes. It has concrete
subclasses DatasetAxis2D, FileAxis2D, and TransientAxis2D, which are
used in applications. Abstract classes are denoted in italics.

For many abstract classes there are three ‘flavors’ of subclass:
dataset, file, and transient. Dataset-related objects are thought of as
being contained in datasets in the sense that operations on those
objects result in I/O operations on the corresponding dataset. The same
is true of file-related objects. Objects in datasets and files are
examples of persistent objects, whose state persists after the
application exits. On the other hand, transient objects live in memory
and are not persistent.

In general the concrete subclasses closely mirror the interface of the
abstract parent class. For this reason this document defines the
interfaces of the abstract classes, and only discusses a concrete class
in the few cases where the interface has been extended. This allows
applications to treat the behavior of, say a dataset axis and file axis,
as identical.


[image: ]


FIGURE 1. CDMS Classes






8. APPENDIX B


8.1. Quick Start (Cheat Sheet)


[image: cheat sheet]


https://cdms.readthedocs.io/en/latest/_downloads/793595691d2eefda847bfe76ce04238e/cdms_quick_start.pdf




8.2. VCS Quick Reference (Cheat Sheet)


[image: VCS Cheat Sheet]


https://cdms.readthedocs.io/en/latest/_images/vcs_quick_ref.jpg




8.3. Release Notes


8.3.1. Release 4.0

CDMS version 4.0 adds support for nonrectangular grids:


	
	The following grid classes were added:
	
	AbstractHorizontalGrid


	AbstractCurve-Grid


	AbstractGenericGrid


	DatasetCurveGrid


	FileCurveGrid


	TransientCurve-Grid


	DatasetGenericGrid


	FileGenericGrid


	TransientGenericGrid.










	
	The following axis classes were added:
	
	AbstractCoordinateAxis


	AbstractAuxAxis1D


	AbstractAxis2D


	DatasetAuxAxis1D


	FileAuxAxis1D,


	TransientAuxAxis1D


	DatasetAxis2D


	FileAxis2D


	TransientAxis2D.










	The getMesh and clone methods were added for grids.


	An interface to the SCRIP package was added.







8.3.2. Release 3.0 Overview

CDMS version 3.0 is a significant enhancement of previous versions. The
major changes were:


	CDAT/CDMS was integrated with the Numpyal Python masked array
class MV2.MaskedVariable. The MV submodule was added as a wrapper
around MV.


	Methods that read data, such as subRegion, subSlice, and the slice
operations, return instances of class TransientVariable. The plot and
regrid modules were modified to handle masked array input. The
specifiers time=…, latitude=…, etc. were added to the I/O
routines.


	The class TransientVariable was added.


	A number of new functions were added, notably subRegion and subSlice,
which return instances of TransientVariable.


	When a masked array is returned from a method, it is “squeezed”:
singleton dimensions are removed. In contrast, transient variables
are not squeezed. I/O functions have a squeeze option. The method
setAutoReshapeMode was removed.


	Internal attributes are handled in the InternalAttributes class. This
allows CDMS classes to be subclassed more readily.


	The class Variable was renamed DatasetVariable.


	The cu module was emulated in cdms. cu and cdms methods can be mixed.


	The code was modularized, so that Python, CDMS, and Numpyal Python
can be built and installed separately. This significantly enhances
the portability of the code.







8.3.3. Details


8.3.3.1. AbstractVariable


	The functions getRegion, getSlice, getValue, and the slice operators
all return an instance of MV, a masked array. Singleton dimensions
are squeezed.


	The functions subRegion and subSlice return an instance of
TransientVariable. Singleton dimensions are not squeezed.


	The xxSlice and xxRegion functions have keywords time, level,
latitude, and longitude.


	The input functions have the keyword squeeze.


	AbstractVariable inherits from class Slab. The following functions
previously available in module cu are Slab methods:



	getattribute


	setattribute


	listdimattributes


	getdimattribute


	listall, and info









	AbstractVariable implements arithmetic functions, astype.


	The write function was added.







8.3.3.2. AbstractAxis


	subaxis was renamed subAxis for consistency.


	Generalized wraparound was implemented, to handle multiple cycles,
reversing, and negative strides. By default, coordinate intervals are
closed. The intersection options ‘n’,’e’,’b’,and ‘s’ were added to
the interval indicator - see mapIntervalExt.







8.3.3.3. AbstractDatabase


	The function open is synonymous with openDataset.







8.3.3.4. Dataset


	The function open is synonymous with openDataset.







8.3.3.5. Cdms Module


	
	The following functions were added:
	
	asVariable


	isVariable


	createVariable










	The function setAutoReshapeMode was removed. It is replaced by the
squeeze option for all I/O functions.







8.3.3.6. CdmsFile


	The function createVariable has a keyword fill_value. The datatype
may be a Numpy/MV typecode.


	The function write was added.







8.3.3.7. CDMSError


	All errors are an instance of the class CDMSError.







8.3.3.8. AbstractRectGrid


	The function createGaussianGrid was added.







8.3.3.9. InternalAttributes


	The class InternalAttributes was added.


	It has methods:


	add_internal_attribute


	is_internal_attribute


	replace_external_attributes











8.3.3.10. TransientVariable


	The class TransientVariable was added. It inherits from both
AbstractVariable and MV.


	The cdms module function createVariable returns a transient variable.


	This class does not implement the functions getPaths or getTemplate.







8.3.3.11. MV


	The MV submodule of cdms was added.













9. APPENDIX C


9.1. Module cu

The cu module is the original CDAT I/O interface. As of version 3
it is emulated in the cdms module. It is maintained for backward
compatibility.

The cu classes are Slab, corresponding to TransientVariable
in CDMS, and cuDataset, corresponding to Dataset in CDMS.




9.2. Slab


9.2.1. Table Slab Methods








	Type

	Method

	Definition





	Various

	getdimattribute(dim, field)

	
	Get the value of a dimension attribute.
	
	dim is the dimension number, an integer in the range 0..rank- 1.


	field is a string, one of:  ‘name’, ‘values’, ‘length’, ‘units’, ‘weights’, ‘bounds’.











	Various

	getattribute(name)

	
	Get the value of an attribute.
	

	name is the string name of the attribute.








	The following special names can always be used:
	
	filename, comments, grid_name, grid_type, time_statistic, long_name, units.















	None

	info(flag=None, device=sys.stdout)

	
	Print slab information.
	
	If flag is nonzero, dimension values, weights, and bounds are also printed.  Output is sent to device.











	List

	listall(all=None)

	
	Print slab information.
	
	If all is nonzero, dimension values, weights, and bounds are also printed.











	List

	listdimattributes(dim, field)

	
	List dimension attributes.  Returns a list of string
	attribute names which can be input to
getdimattribute.



	dim is the dimension number, an integer in the range 0..rank-1.


	field is a string, one of: ‘name’, ‘values’, ‘length’, ‘units’, ‘weights’, ‘bounds’.














	None

	setattribute(name, value)

	
	Set an attribute.
	
	name is the string name of the attribute.


	value is the value of the attribute.



















9.3. cuDataset


9.3.1. Table cuDataset Methods








	Type

	Method

	Definition





	None

	cleardefault()

	Clear the default variable name.



	None

	default_variable(vname)

	
	Set the default variable name.
	
	vname is the string variable name.











	Array

	dimensionarray(dname, vname=None)

	
	Values of the axis named dname.
	
	dname1 is the string axis name.


	vname is the string variable name.




Note: The default is the variable name set by default_variable.








	Axis

	dimensionobject(dname, vname=None)

	
	Get an axis. dname is the string name of an axis.
	
	vname is a string variable name.




Note: The default is the variable name set by default_variable.








	Various

	getattribute (vname, attribute)

	
	Get an attribute value.
	
	vname is a string variable name.


	attribute is the string attribute name.











	String

	getdimensionunits (dname,vname=None)

	
	Get the units for the given dimension.
	
	dname is the string name of an axis.


	vname is a string variable name.




Note: The default is the variable name set by default_variable.








	Various

	getglobal (attribute)

	
	Get the value of the global attribute.
	
	attribute is the string attribute name.

















9.3.2. Table cuDataset Methods(cont’d)








	Type

	Method

	Definition





	Variable

	getslab (vname, \*args)

	
	Read data for a variable.
	
	vname is the string name of the variable.


	args is an argument list corresponding to the dimensions of the variable.





	Arguments for each dimension can be:
	
	‘:’ or None – select the entire dimension


	Ellipsis – select entire dimensions between the ones given.


	a pair of successive arguments giving an interval in world coordinates.


	a CDMS-style tuple of world coordinates e.g. (start, stop, ‘cc’)















	List

	listall (vname=None, all=None)

	
	Get info about data from the file.
	
	vname is the string name of the variable.




Note: If all is non-zero, dimension values, weights, and bounds are returned as well








	List

	listattribute (vname=None )

	
	Return a list of attribute names.
	
	vname is the name of the variable.




Note: The default is the variable name set by default_variable.








	List

	listdimension (vname=None)

	
	Return a list of the dimension names associated with
	
	a variable.
	
	vname is the name of the variable.




Note: The default is the variable name set by default_variable.












	List

	listglobal ()

	Return a list of the global attribute names.



	List

	listvariable ()

	Return a list of the variables in the file.









9.3.3. Table cuDataset Methods(cont’d)








	Type

	Method

	Definition





	None

	showall (vname=None, all=None, device=sys.stdout)

	
	Print a description of the variable.
	
	vname is the string name of the variable.




Note: If all is non-zero, dimension values, weights, and bounds are returned as well. Output is sent to device.








	None

	showattribute (vname=None, device=sys.stdout)

	
	Print the attributes of a variable.
	
	vname is the string name of the variable.




Note: Output is sent to device.








	None

	showdimension (vname=None, device=sys.stdout)

	
	Print the dimension names associated with a variable.
	
	vname is the string name of the variable.




Note: Output is sent to device.








	None

	showglobal (device=sys.stdout)

	Print the global file attributes. Output is sent to device.



	None

	showvariable (device=sys.stdout)

	Print the list of variables in the file.
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10. CDMS Sample Dataset


10.1. THREDDS Data Server (TDS)


	https://aims3.llnl.gov/thredds/catalog/esgcet/254/CDAT-sample.v1.html







10.2. Direct https donwload


	https://cdat.llnl.gov/cdat/sample_data/161122_RobertPincus_multiple_input4MIPs_radiation_RFMIP_UColorado-RFMIP-20161122_none.nc


	https://cdat.llnl.gov/cdat/sample_data/20160520.A_WCYCL1850.ne30_oEC.edison.alpha6_01_ANN_climo_Q.nc


	https://cdat.llnl.gov/cdat/sample_data/area_weights.nc


	https://cdat.llnl.gov/cdat/sample_data/BlueMarble.ppm


	https://cdat.llnl.gov/cdat/sample_data/CCTM_ACONC.D1.001


	https://cdat.llnl.gov/cdat/sample_data/CCTM_ACONC.D1.002


	https://cdat.llnl.gov/cdat/sample_data/CCTM_ACONC.D1.003


	https://cdat.llnl.gov/cdat/sample_data/CCTM_ACONC.D1.004


	https://cdat.llnl.gov/cdat/sample_data/CCTM_ACONC.D1.005


	https://cdat.llnl.gov/cdat/sample_data/CCTM_CONC.D1.001


	https://cdat.llnl.gov/cdat/sample_data/cdtest10.xml


	https://cdat.llnl.gov/cdat/sample_data/cdtest13.xml


	https://cdat.llnl.gov/cdat/sample_data/cdtest14.xml


	https://cdat.llnl.gov/cdat/sample_data/clt2.nc


	https://cdat.llnl.gov/cdat/sample_data/clt.nc


	https://cdat.llnl.gov/cdat/sample_data/dar.meteo.mod.cam3.era.v31.h0.l3.nrstpt.cp.2000070100.2000080100.tau.12.36.nc


	https://cdat.llnl.gov/cdat/sample_data/dvtest1.dat


	https://cdat.llnl.gov/cdat/sample_data/dvtest1.dic


	https://cdat.llnl.gov/cdat/sample_data/era15_tas_sample.nc


	https://cdat.llnl.gov/cdat/sample_data/era40_sst_sample.nc


	https://cdat.llnl.gov/cdat/sample_data/era40_tas_sample.nc


	https://cdat.llnl.gov/cdat/sample_data/genutil_statistics.nc


	https://cdat.llnl.gov/cdat/sample_data/geo.1deg.ctl


	https://cdat.llnl.gov/cdat/sample_data/geo.1deg.gmp


	https://cdat.llnl.gov/cdat/sample_data/geo.1deg.grb


	https://cdat.llnl.gov/cdat/sample_data/geos5-sample.nc


	https://cdat.llnl.gov/cdat/sample_data/gfs.globl.b20121028_00z.e20121102_00z.ctl


	https://cdat.llnl.gov/cdat/sample_data/gfs.globl.b20121028_00z.e20121102_00z.data


	https://cdat.llnl.gov/cdat/sample_data/GPCP_ANN_climo.nc


	https://cdat.llnl.gov/cdat/sample_data/gpcp_cdr_v23rB1_y2016_m08.nc


	https://cdat.llnl.gov/cdat/sample_data/GRIDCRO2D_D1.001


	https://cdat.llnl.gov/cdat/sample_data/hadcrut2_sample.nc


	https://cdat.llnl.gov/cdat/sample_data/junk.nc


	https://cdat.llnl.gov/cdat/sample_data/MERRA_ANN_climo_SHUM.nc


	https://cdat.llnl.gov/cdat/sample_data/meshfill.nc


	https://cdat.llnl.gov/cdat/sample_data/model_ANN_climo.nc


	https://cdat.llnl.gov/cdat/sample_data/navy_land.nc


	https://cdat.llnl.gov/cdat/sample_data/netcdf4_compressed_example.nc


	https://cdat.llnl.gov/cdat/sample_data/obs_timeseries.nc


	https://cdat.llnl.gov/cdat/sample_data/prcp_1951.nc


	https://cdat.llnl.gov/cdat/sample_data/psl_6h.nc


	https://cdat.llnl.gov/cdat/sample_data/ps.wrap.test.0E.nc


	https://cdat.llnl.gov/cdat/sample_data/ps.wrap.test.180E.nc


	https://cdat.llnl.gov/cdat/sample_data/ps.wrap.test.180W.nc


	https://cdat.llnl.gov/cdat/sample_data/ps.wrap.test.60E.nc


	https://cdat.llnl.gov/cdat/sample_data/readonly.nc


	https://cdat.llnl.gov/cdat/sample_data/remap_grid_POP43.nc


	https://cdat.llnl.gov/cdat/sample_data/remap_grid_T42.nc


	https://cdat.llnl.gov/cdat/sample_data/rlut_CERES_000001-000012_ac.nc


	https://cdat.llnl.gov/cdat/sample_data/rmp_C02562_to_T42_conserv.nc


	https://cdat.llnl.gov/cdat/sample_data/rmp_POP43_to_T42_conserv.nc


	https://cdat.llnl.gov/cdat/sample_data/rmp_T42_to_C02562_conserv.nc


	https://cdat.llnl.gov/cdat/sample_data/rmp_T42_to_POP43_conserv.nc


	https://cdat.llnl.gov/cdat/sample_data/sampleCurveGrid4.nc


	https://cdat.llnl.gov/cdat/sample_data/sampleGenGrid3.nc


	https://cdat.llnl.gov/cdat/sample_data/sample.nc


	https://cdat.llnl.gov/cdat/sample_data/sample_polar.nc


	https://cdat.llnl.gov/cdat/sample_data/sftbyrgn.nc


	https://cdat.llnl.gov/cdat/sample_data/sftlf_10x10.nc


	https://cdat.llnl.gov/cdat/sample_data/sftlf_ccsr.nc


	https://cdat.llnl.gov/cdat/sample_data/sftlf_dnm.nc


	https://cdat.llnl.gov/cdat/sample_data/sftlf_visus.nc


	https://cdat.llnl.gov/cdat/sample_data/so_Omon_ACCESS1-0_historical_r1i1p1_185001-185412_2timesteps.nc


	https://cdat.llnl.gov/cdat/sample_data/so_Omon_GISS-E2-R_historicalNat_r5i1p1_185001-187512_2timesteps.nc
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11.1. Classes







	Type

	Constructor





	avariable

	CDMS Variable objects, abstract interface



	axis

	CDMS Axis objects



	fvariable

	CDMS File-based variables.



	bindex

	Bin index for non-rectilinear grids



	cache

	CDMS cache management and file movement objects



	variable

	DatasetVariable: Dataset-based variables



	cdurllib

	Customized URLopener



	cdurlparse

	Parse (absolute and relative) URLs.



	cudsinterface

	Emulation of old cu package



	database

	CDMS database objects



	dataset

	CDMS dataset and file objects



	forecast

	CDMS Forecast



	gengrid

	CDMS Generic Grids



	grid

	CDMS Grid objects



	hgrid

	CDMS HorizontalGrid objects



	MV2

	CDMS Variable objects, MaskedArray interface



	selectors

	Classes to support easy selection of climate data



	tvariable

	TransientVariable (created by createVariable) is a child of both AbstractVariable and the masked array class.



	slabinterface

	Read part of the old cu slab interface implemented over CDMS









11.2. Regridder







	Type

	Constructor





	horizontal

	Create a horizontal regridder



	esmf

	Regrid source grid data to destination grid data using ESMF



	crossSection

	


	mvESMFRegrid

	


	mvGenericRegrid

	


	pressure

	


	scrip
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      	timeindex() (in module cdms2.cdscan), [1]

      
        	(in module cdms2.variable), [1]


      


      	timestamp() (in module cdms2.cdscan), [1]


      	to_dataframe() (TransientVariable method)


      	tobytes() (TransientVariable method)


      	toCurveGrid() (AbstractCurveGrid method)

      
        	(AbstractRectGrid method), [1]


        	(FileRectGrid method)


        	(TransientCurveGrid method)


        	(TransientRectGrid method)


      


      	tofile() (TransientVariable method)


      	toflex() (TransientVariable method)


      	toGenericGrid() (AbstractCurveGrid method)

      
        	(AbstractGenericGrid method)


        	(AbstractRectGrid method), [1]


        	(FileRectGrid method)


        	(TransientCurveGrid method)


        	(TransientGenericGrid method)


        	(TransientRectGrid method)


      


      	tolist() (TransientVariable method)


  

  	
      	torecords() (TransientVariable method)


      	toRelativeTime() (AbstractAxis method), [1]

      
        	(Axis method)


        	(FileAxis method)


        	(FileVirtualAxis method)


        	(TransientAxis method)


        	(TransientVirtualAxis method)


      


      	tostring() (TransientVariable method)


      	toVector() (LinearDataNode method)


      	toVisit() (TransientVariable method), [1]


      	toVTK() (EsmfUnstructGrid method), [1]


      	trace() (TransientVariable method)


      	TransientAxis (class in cdms2.axis)


      	TransientGenericGrid (class in cdms2.gengrid)


      	TransientRectGrid (class in cdms2.grid)


      	TransientVariable (class in cdms2.tvariable)


      	TransientVirtualAxis (class in cdms2.axis)


      	translate_references() (XMLParser method)


      	transpose() (AbstractRectGrid method), [1]

      
        	(FileRectGrid method)


        	(in module cdms2.MV2)


        	(in module MV2)


        	(TransientRectGrid method)


        	(TransientVariable method)


      


      	two_times_from_one() (in module cdms2.forecast), [1]


      	typecode() (AbstractAxis method)

      
        	(AbstractVariable method), [1]


        	(Axis method)


        	(DatasetVariable method)


        	(FileAxis method)


        	(FileVariable method), [1]


        	(TransientAxis method)


        	(TransientVariable method)


      


  





U


  	
      	unknown_charref() (CDMLParser method)

      
        	(TestXMLParser method)


        	(XMLParser method)


      


      	unknown_endtag() (CDMLParser method)

      
        	(TestXMLParser method)


        	(XMLParser method)


      


      	unknown_entityref() (CDMLParser method)

      
        	(TestXMLParser method)


        	(XMLParser method)


      


      	unknown_starttag() (CDMLParser method)

      
        	(TestXMLParser method)


        	(XMLParser method)


      


  

  	
      	unshare_mask() (TransientVariable method)


      	urldefrag() (in module cdms2.cdurlparse), [1]


      	urljoin() (in module cdms2.cdurlparse), [1]


      	urlparse() (in module cdms2.cdurlparse), [1]

      
        	(in module cdms2.dataset)


      


      	urlunparse() (in module cdms2.cdurlparse), [1]

      
        	(in module cdms2.dataset)


      


      	useKeys() (in module cdms2.cdscan), [1]


      	useNetcdf3() (in module cdms2.dataset), [1]


  





V


  	
      	validate() (CdmsNode method)

      
        	(DatasetNode method)


      


      	validateAttrs() (in module cdms2.cdscan), [1]


      	validateBounds() (AbstractAxis method)


      	validDeltaTypes (LinearDataNode attribute)


      	validStartTypes (LinearDataNode attribute)


  

  	
      	var_binary_operation (class in cdms2.MV2)


      	var_unary_operation (class in cdms2.MV2)


      	var_unary_operation_with_axis (class in cdms2.MV2)


      	variable_count (TransientVariable attribute)


      	VariableNode (class in cdms2.cdmsNode)


      	view() (TransientVariable method)


  





W


  	
      	where() (in module cdms2.MV2)

      
        	(in module MV2)


      


      	write() (AttrNode method)

      
        	(BaseWriter method)


        	(CdmsFile method), [1]


        	(CdmsNode method)


        	(DomElemNode method)


      


      	write_gridspec() (AbstractCurveGrid method)

      
        	(TransientCurveGrid method)


      


      	write_it_yourself() (CdmsFile method), [1]


      	write_ldif() (CdmsNode method)


      	write_raw() (CdmsNode method)


      	writeg() (AbstractCurveGrid method)

      
        	(TransientCurveGrid method)


      


      	writeScrip() (AbstractCurveGrid method)

      
        	(AbstractGenericGrid method)


        	(AbstractGrid method), [1]


        	(AbstractHorizontalGrid method)


        	(AbstractRectGrid method), [1]


        	(FileRectGrid method)


        	(TransientCurveGrid method)


        	(TransientRectGrid method)


      


  

  	
      	writeScripGrid() (in module cdms2.grid), [1]


      	writeToFile() (AbstractCurveGrid method)

      
        	(AbstractGenericGrid method)


        	(AbstractGrid method), [1]


        	(AbstractHorizontalGrid method)


        	(AbstractRectGrid method), [1]


        	(FileRectGrid method)


        	(TransientCurveGrid method)


        	(TransientRectGrid method)


      


  





X


  	
      	XLinkNode (class in cdms2.cdmsNode)


  

  	
      	XMLParser (class in cdms2.cdxmllib)


  





Z


  	
      	zeros() (in module cdms2.MV2)

      
        	(in module MV2)
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	allclose(a, b[, masked_equal, rtol, atol])

	Returns True if two arrays are element-wise equal within a tolerance.



	allequal(a, b[, fill_value])

	Return True if all entries of a and b are equal, using fill_value as a truth value where either or both are masked.



	arange(start[, stop, step, typecode, axis, …])

	Just like range() except it returns a variable whose type can be specfied by the keyword argument typecode.



	argsort(x[, axis, fill_value])

	Treating masked values as if they have the value fill_value, return sort indices for sorting along given axis.



	arrayrange(start[, stop, step, typecode, …])

	Just like range() except it returns a variable whose type can be specfied by the keyword argument typecode.



	asarray(data[, typecode, dtype, dtype, copy])

	Assarray



	as_masked(data[, dtype, copy, order, mask, …])

	An array class with possibly masked values.



	asVariable(s[, writeable])

	As Variable



	average(a[, axis, weights, returned])

	Return the weighted average of array over the given axis.



	axisAllclose(ax1, ax2[, rtol, atol])

	All close



	axisConcatenate(axes[, id, attributes])

	Concatenate multiple axes including boundaries.



	axisTake(ax, indices)

	Take elements form an array along an axis



	choose(myindices, t)

	Choose



	commonAxes(a, bdom[, omit])

	Helper function for commonDomain.



	commonDomain(a, b[, omit])

	Common Domain



	common_fill_value(a, b)

	Return the common filling value of two masked arrays, if any.



	commonGrid1(a, gb, axes)

	Helper function for commonGrid.



	commonGrid(a, b, axes)

	Common Grid



	compress(a, b)

	



	concatenate(arrays[, axis, axisid, …])

	Concatenate the arrays along the given axis.



	count(a[, axis])

	Count of the non-masked elements in a, or along a certain axis.



	create_mask(newshape[, dtype])

	Return a boolean mask of the given shape, filled with False.



	diagonal(a[, offset, axis1, axis2])

	Diagonal



	dot(a, b[, strict, out])

	Return the dot product of two arrays.



	filled(a[, fill_value])

	Return input as an array with masked data replaced by a fill value.



	fill_value(ar)

	



	fromfunction(f, dimensions)

	Apply f to s to create an array as in numpy.



	getmaskarray(arr)

	Return the mask of a masked array, or full boolean array of False.



	getmask(a)

	Return the mask of a masked array, or nomask.



	getNumericCompatibility()

	



	get_print_limit()

	



	get_printoptions()

	Return the current print options.



	indices(dimensions[, dtype, sparse])

	Return an array representing the indices of a grid.



	innerproduct(a, b)

	Inner product of two arrays.



	isarray(x)

	Test whether input is an instance of MaskedArray.



	is_floating(x)

	Is x a scalar float, either python or numpy?



	is_integer(x)

	Is x a scalar integer, either python or numpy?



	isMA(x)

	Test whether input is an instance of MaskedArray.



	isMaskedArray(x)

	Test whether input is an instance of MaskedArray.



	is_masked(x)

	Is x a 0-D masked value?



	isMaskedVariable(x)

	Is x a masked variable, that is, an instance of AbstractVariable?



	is_mask(m)

	Return True if m is a valid, standard mask.



	left_shift(a, n)

	Left shift n bits



	make_mask_none(newshape[, dtype])

	Return a boolean mask of the given shape, filled with False.



	make_mask(m[, copy, shrink, dtype])

	Create a boolean mask from an array.



	masked_array(a[, mask, fill_value, axes, …])

	Masked Array



	masked_equal(x, value)

	masked_equal(x, value) = x masked where x == value For floating point consider masked_values(x, value) instead.



	masked_greater_equal(x, value)

	masked_greater_equal(x, value) = x masked where x >= value



	masked_greater(x, value)

	masked_greater(x, value) = x masked where x > value



	masked_inside(x, v1, v2)

	x with mask of all values of x that are inside [v1,v2]



	masked_less_equal(x, value)

	masked_less_equal(x, value) = x masked where x <= value



	masked_less(x, value)

	masked_less(x, value) = x masked where x < value



	masked_not_equal(x, value)

	masked_not_equal(x, value) = x masked where x != value



	masked_object(data, value[, copy, …])

	Create array masked where exactly data equal to value



	masked_outside(x, v1, v2)

	x with mask of all values of x that are outside [v1,v2]



	masked_values(data, value[, rtol, atol, …])

	Masked Values



	masked_where(condition, x[, copy])

	Marked Where



	mask_or(m1, m2[, copy, shrink])

	Combine two masks with the logical_or operator.



	max(a[, axis])

	Return the maximum along a given axis.



	min(a[, axis])

	Return the minimum along a given axis.



	ones(myshape[, typecode, savespace, axes, …])

	ones(n, typecode=float, savespace=0, axes=None, attributes=None, id=None) = an array of all ones of the given length or shape.



	outerproduct(a,b) =, has shape ,len)

	



	power(a, b[, third])

	a**b



	product(a[, axis, dtype])

	Product of elements along axis.



	putmask(a, mask, values)

	Changes elements of an array based on conditional and input values.



	put(a, indices, values[, mode])

	Set storage-indexed locations to corresponding values.



	repeat(a, repeats[, axis])

	repeat elements of a repeats times along axis repeats is a sequence of length a.shape[axis] telling how many times to repeat each element.



	reshape(a, newshape[, axes, attributes, id, …])

	numpy doc:



	resize(a, new_shape)

	Resize



	right_shift(a, n)

	Right shift n bits



	sctype2char(sctype)

	Return the string representation of a scalar dtype.



	set_default_fill_value(value_type, value)

	Set the default fill value for value_type to value.



	set_fill_value(a, fill_value)

	Set the filling value of a, if a is a masked array.



	set_print_limit([limit])

	



	set_printoptions([precision, threshold, …])

	Set printing options.



	shape(obj)

	Return the shape of an array.



	size(obj[, axis])

	Return the number of elements along a given axis.



	sort(a[, axis])

	The sort axis is replaced with a dummy axis.



	squeeze(x)

	call numpy.squeeze on ndarray and rebuild tvariable.



	sum(a[, axis, fill_value, dtype])

	Sum of elements along a certain axis.



	take(a, myindices[, axis])

	take(a, indices, axis=None) returns selection of items from a.



	transpose(a[, axes])

	transpose(a, axes=None) reorder dimensions per tuple axes



	where(condition, x, y)

	where(condition, x, y) is x where condition is true, y otherwise



	zeros(myshape[, typecode, savespace, axes, …])

	zeros(n, typecode=float, savespace=0, axes=None, attributes=None, id=None) = an array of all zeros of the given length or shape.
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	AbstractVariable.assignValue(data)

	



	AbstractVariable.astype(tc)

	return self as array of given type.



	AbstractVariable.__call__(*args, **kwargs)

	Selection of a subregion using selectors.



	AbstractVariable.createattribute(name, value)

	Create an attribute and set its name to value.



	AbstractVariable.crossSectionRegrid(…[, …])

	Return the variable regridded to new pressure levels and latitudes.



	AbstractVariable.decode(ar)

	Decode compressed data.



	AbstractVariable.deleteattribute(name)

	Delete the named attribute.



	AbstractVariable.expertSlice(slicelist)

	



	AbstractVariable.generateGridkey(convention, …)

	Determine if the variable is gridded.



	AbstractVariable.generateRectGridkey(lat, lon)

	Determine if the variable is gridded, rectilinear.



	AbstractVariable.getattribute(name)

	Get the attribute name.



	AbstractVariable.getAxisIds()

	Get a list of axis identifiers.



	AbstractVariable.getAxisIndex(axis_spec)

	Get the index of the axis specificed by axis_spec.



	AbstractVariable.getAxisListIndex([axes, …])

	Get Axis List Index



	AbstractVariable.getAxisList([axes, omit, order])

	Get the list of axis objects



	AbstractVariable.getAxis(n)

	Get the n-th axis.



	AbstractVariable.getConvention()

	Get the metadata convention associated with this object.



	AbstractVariable.getdimattribute(dim, field)

	Get the attribute named field from the dim’th dimension.



	AbstractVariable.getDomain()

	Get the list of axes



	AbstractVariable.getForecast()

	



	AbstractVariable.getForecastTime()

	Get the first forecast time dimension.



	AbstractVariable.getGridIndices()

	Get Grid Indices



	AbstractVariable.getGrid()

	



	AbstractVariable.getLatitude()

	Get the first latitude dimension.



	AbstractVariable.getLevel()

	Get the first vertical level dimension in the domain.



	AbstractVariable.getLongitude()

	Get the first longitude dimension.



	AbstractVariable.getMissing([asarray])

	Get Missing



	AbstractVariable.getOrder([ids])

	Get Order



	AbstractVariable.getRegion(*specs, **keys)

	Read a region of data.



	AbstractVariable.getSlice(*specs, **keys)

	getSlice takes arguments of the following forms and produces a return array.



	AbstractVariable.getTime()

	Get the first time dimension.



	AbstractVariable.getValue([squeeze])

	Get the entire set of values.



	AbstractVariable.hasCellData()

	If any of the variable’s axis has explicit bounds, we have cell data otherwise we have point data.



	AbstractVariable.info([flag, device])

	Write info about slab; include dimension values and weights if flag



	AbstractVariable.isAbstractCoordinate()

	



	AbstractVariable.isEncoded()

	True if self is represented as packed data.



	AbstractVariable.listall([all])

	Get list of info about this slab.



	AbstractVariable.listattributes()

	Return a list of attribute names.



	AbstractVariable.listdimattributes(dim)

	List the legal axis field names.



	AbstractVariable.listdimnames()

	Return a list of the names of the dimensions.



	AbstractVariable.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	AbstractVariable.matchPattern(pattern, …)

	Match for a pattern in a string-valued attribute.



	AbstractVariable.pressureRegrid(newLevel[, …])

	Return the variable regridded to new pressure levels.



	AbstractVariable._process_specs(specs, keys)

	Process the arguments for a getSlice, getRegion, etc.



	AbstractVariable.rank()

	



	AbstractVariable.regrid(togrid[, missing, …])

	return self regridded to the new grid.



	AbstractVariable.reg_specs2slices(initspeclist)

	



	AbstractVariable.reorder(order)

	Reorder per the specification order.



	AbstractVariable.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	AbstractVariable.searchPattern(pattern, …)

	Search for a pattern in a string-valued attribute.



	AbstractVariable.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.



	AbstractVariable.select(*args, **kwargs)

	Selection of a subregion using selectors.



	AbstractVariable.setattribute(name, value)

	Set the attribute name to value.



	AbstractVariable.setGrid(grid)

	



	AbstractVariable.setMissing(value)

	Set the missing value.



	AbstractVariable.showdim()

	Show the dimension attributes and values.



	AbstractVariable.specs2slices(speclist[, force])

	Create an equivalent list of slices from an index specification.



	AbstractVariable.squeeze()

	



	AbstractVariable.subRegion(*specs, **keys)

	



	AbstractVariable.subSlice(*specs, **keys)

	



	AbstractVariable.typecode()

	



	getBoundList(coordList[, mask, …])

	Return a list of bounds built from a list of coordinates



	getMinHorizontalMask(var)

	Get the minimum mask associated with ‘x’ and ‘y’ (i.e.



	getNumericCompatibility()

	



	order2index(axes, order)

	Find the index permutation of axes to match order.



	orderparse(order)

	Parse an order string.



	setNumericCompatibility(mode)
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	allclose(ax1, ax2[, rtol, atol])

	All close



	axisMatchAxis(axes[, specifications, omit, …])

	Match a list of axes following a specification or list of specificatons, and a specification or list of specifications of those axes to omit.



	axisMatches(axis, specification)

	Axis Matches



	axisMatchIndex(axes[, specifications, omit, …])

	Match a list of axes following a specification or list of specificatons, and a specification or list of specifications of those axes to omit.



	concatenate(axes[, id, attributes])

	Concatenate multiple axes including boundaries.



	createAxis(data[, bounds, id, copy, …])

	Creates an axis.



	createEqualAreaAxis(nlat)

	Creates an equal area axis.



	createGaussianAxis(nlat)

	Creates Guassian Axis.



	createUniformLatitudeAxis(startLat, nlat, …)

	Creates a uniform latitude axis.



	createUniformLongitudeAxis(startLon, nlon, …)

	Creates a uniform longitude axis.



	getAutoBounds()

	Gets AutoBounds mode.



	isOverlapVector(vec1, vec2[, atol])

	Is Overlap Vector



	isSubsetVector(vec1, vec2, tol)

	Checks if vec1 is a subset of vec2.



	lookupArray(ar, value)

	Lookup value in array ar.



	mapLinearExt(axis, bounds, interval[, …])

	Map coordinate interval to index interval, without wraparound.



	mapLinearIntersection(xind, yind, iind, …)

	Map Linear Intersection



	reverseSlice(s, size)

	For ‘reversed’ slices (slices with negative stride), return an equivalent slice with positive step.



	setAutoBounds(mode)

	Sets AutoBounds behavior.



	splitSliceExt(s, size)

	mf 20010330 – For a ‘wraparound’ slice, return N equivalent slices within the range 0…(N*size) N = anything



	splitSlice(s, size)

	For a ‘wraparound’ slice, return two equivalent slices within the range 0..size-1.



	take(ax, indices)

	Take elements form an array along an axis



	AbstractAxis.asComponentTime([calendar])

	Returns values as component time if axis represents time.



	AbstractAxis.asdatetime([calendar])

	Returns values as datetime.datetime if axis represents time.



	AbstractAxis.asDTGTime([calendar])

	Returns values as DTG if axis represents time.



	AbstractAxis.asRelativeTime([units])

	Returns values as relative time if axis represents time.



	AbstractAxis.clone([copyData])

	Clone axis.



	AbstractAxis.getBoundsForDualGrid(dualGrid)

	Get explicit bounds for dual grid.



	AbstractAxis.getBounds([isGeneric])

	Gets axis bounds.



	AbstractAxis.getExplicitBounds()

	Gets explicit bounds.



	AbstractAxis.info([flag, device])

	Write info about axis; include dimension values and weights if flag



	AbstractAxis.isVirtual()

	Return true iff coordinate values are implicitly defined.



	AbstractAxis.listall([all])

	List axis information.



	AbstractAxis.mapIntervalExt(interval[, …])

	Extended mapInterval.



	AbstractAxis.mapInterval(interval[, …])

	Map coordinate interval to index interval.



	AbstractAxis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	AbstractAxis.matchPattern(pattern, …)

	Match for a pattern in a string-valued attribute.



	AbstractAxis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	AbstractAxis.searchPattern(pattern, …)

	Search for a pattern in a string-valued attribute.



	AbstractAxis.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.



	AbstractAxis.subaxis(i, j[, k, wrap])

	Returns subaxis.



	AbstractAxis.subAxis(i, j[, k, wrap])

	Returns subaxis.



	AbstractAxis.toRelativeTime(units[, calendar])

	Converts values in-place to relative time.



	Axis.asComponentTime([calendar])

	Returns values as component time if axis represents time.



	Axis.asdatetime([calendar])

	Returns values as datetime.datetime if axis represents time.



	Axis.asDTGTime([calendar])

	Returns values as DTG if axis represents time.



	Axis.asRelativeTime([units])

	Returns values as relative time if axis represents time.



	Axis.clone([copyData])

	Clone axis.



	Axis.getBoundsForDualGrid(dualGrid)

	Get explicit bounds for dual grid.



	Axis.getBounds([isGeneric])

	Get axis bounds.



	Axis.info([flag, device])

	Write info about axis; include dimension values and weights if flag



	Axis.isVirtual()

	Return true iff coordinate values are implicitly defined.



	Axis.listall([all])

	List axis information.



	Axis.mapIntervalExt(interval[, indicator, …])

	Extended mapInterval.



	Axis.mapInterval(interval[, indicator, cycle])

	Map coordinate interval to index interval.



	Axis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	Axis.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute.



	Axis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	Axis.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute.



	Axis.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.



	Axis.subaxis(i, j[, k, wrap])

	Returns subaxis.



	Axis.subAxis(i, j[, k, wrap])

	Returns subaxis.



	Axis.toRelativeTime(units[, calendar])

	Converts values in-place to relative time.



	FileAxis.asComponentTime([calendar])

	Returns values as component time if axis represents time.



	FileAxis.asdatetime([calendar])

	Returns values as datetime.datetime if axis represents time.



	FileAxis.asDTGTime([calendar])

	Returns values as DTG if axis represents time.



	FileAxis.asRelativeTime([units])

	Returns values as relative time if axis represents time.



	FileAxis.clone([copyData])

	Clone axis.



	FileAxis.getBoundsForDualGrid(dualGrid)

	Get explicit bounds for dual grid.



	FileAxis.info([flag, device])

	Write info about axis; include dimension values and weights if flag



	FileAxis.isUnlimited()

	Is axis unlimited.



	FileAxis.isVirtual()

	Return true iff coordinate values are implicitly defined.



	FileAxis.listall([all])

	List axis information.



	FileAxis.mapIntervalExt(interval[, …])

	Extended mapInterval.



	FileAxis.mapInterval(interval[, indicator, …])

	Map coordinate interval to index interval.



	FileAxis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	FileAxis.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute.



	FileAxis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	FileAxis.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute.



	FileAxis.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.



	FileAxis.subaxis(i, j[, k, wrap])

	Returns subaxis.



	FileAxis.subAxis(i, j[, k, wrap])

	Returns subaxis.



	FileAxis.toRelativeTime(units[, calendar])

	Converts values in-place to relative time.



	FileVirtualAxis.asComponentTime([calendar])

	Returns values as component time if axis represents time.



	FileVirtualAxis.asdatetime([calendar])

	Returns values as datetime.datetime if axis represents time.



	FileVirtualAxis.asDTGTime([calendar])

	Returns values as DTG if axis represents time.



	FileVirtualAxis.asRelativeTime([units])

	Returns values as relative time if axis represents time.



	FileVirtualAxis.clone([copyData])

	Clone axis.



	FileVirtualAxis.getBoundsForDualGrid(dualGrid)

	Get explicit bounds for dual grid.



	FileVirtualAxis.info([flag, device])

	Write info about axis; include dimension values and weights if flag



	FileVirtualAxis.isUnlimited()

	Is axis unlimited.



	FileVirtualAxis.isVirtual()

	Checks if axis is virtual.



	FileVirtualAxis.listall([all])

	List axis information.



	FileVirtualAxis.mapIntervalExt(interval[, …])

	Extended mapInterval.



	FileVirtualAxis.mapInterval(interval[, …])

	Map coordinate interval to index interval.



	FileVirtualAxis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	FileVirtualAxis.matchPattern(pattern, …)

	Match for a pattern in a string-valued attribute.



	FileVirtualAxis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	FileVirtualAxis.searchPattern(pattern, …)

	Search for a pattern in a string-valued attribute.



	FileVirtualAxis.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.



	FileVirtualAxis.subaxis(i, j[, k, wrap])

	Returns subaxis.



	FileVirtualAxis.subAxis(i, j[, k, wrap])

	Returns subaxis.



	FileVirtualAxis.toRelativeTime(units[, calendar])

	Converts values in-place to relative time.



	TransientAxis.asComponentTime([calendar])

	Returns values as component time if axis represents time.



	TransientAxis.asdatetime([calendar])

	Returns values as datetime.datetime if axis represents time.



	TransientAxis.asDTGTime([calendar])

	Returns values as DTG if axis represents time.



	TransientAxis.asRelativeTime([units])

	Returns values as relative time if axis represents time.



	TransientAxis.clone([copyData])

	Clone axis.



	TransientAxis.getBoundsForDualGrid(dualGrid)

	Get explicit bounds for dual grid.



	TransientAxis.info([flag, device])

	Write info about axis; include dimension values and weights if flag



	TransientAxis.isVirtual()

	Return true iff coordinate values are implicitly defined.



	TransientAxis.listall([all])

	List axis information.



	TransientAxis.mapIntervalExt(interval[, …])

	Extended mapInterval.



	TransientAxis.mapInterval(interval[, …])

	Map coordinate interval to index interval.



	TransientAxis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	TransientAxis.matchPattern(pattern, …)

	Match for a pattern in a string-valued attribute.



	TransientAxis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	TransientAxis.searchPattern(pattern, …)

	Search for a pattern in a string-valued attribute.



	TransientAxis.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.



	TransientAxis.subaxis(i, j[, k, wrap])

	Returns subaxis.



	TransientAxis.subAxis(i, j[, k, wrap])

	Returns subaxis.



	TransientAxis.toRelativeTime(units[, calendar])

	Converts values in-place to relative time.



	TransientVirtualAxis.asComponentTime([calendar])

	Returns values as component time if axis represents time.



	TransientVirtualAxis.asdatetime([calendar])

	Returns values as datetime.datetime if axis represents time.



	TransientVirtualAxis.asDTGTime([calendar])

	Returns values as DTG if axis represents time.



	TransientVirtualAxis.asRelativeTime([units])

	Returns values as relative time if axis represents time.



	TransientVirtualAxis.clone([copyData])

	Clone axis.



	TransientVirtualAxis.getBoundsForDualGrid(…)

	Get explicit bounds for dual grid.



	TransientVirtualAxis.info([flag, device])

	Write info about axis; include dimension values and weights if flag



	TransientVirtualAxis.isVirtual()

	Return true iff coordinate values are implicitly defined.



	TransientVirtualAxis.listall([all])

	List axis information.



	TransientVirtualAxis.mapIntervalExt(interval)

	Extended mapInterval.



	TransientVirtualAxis.mapInterval(interval[, …])

	Map coordinate interval to index interval.



	TransientVirtualAxis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	TransientVirtualAxis.matchPattern(pattern, …)

	Match for a pattern in a string-valued attribute.



	TransientVirtualAxis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	TransientVirtualAxis.searchPattern(pattern, …)

	Search for a pattern in a string-valued attribute.



	TransientVirtualAxis.searchPredicate(…)

	Apply a truth-valued predicate.



	TransientVirtualAxis.setBounds(bounds[, …])

	Sets the bounds for the axis.



	TransientVirtualAxis.subaxis(i, j[, k, wrap])

	Returns subaxis.



	TransientVirtualAxis.subAxis(i, j[, k, wrap])

	Returns subaxis.



	TransientVirtualAxis.toRelativeTime(units[, …])

	Converts values in-place to relative time.
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	bindexHorizontalGrid(latlin, lonlin)

	Create a bin index for a horizontal grid.



	intersectHorizontalGrid(latspecs, lonspecs, …)

	Intersect a horizontal grid with a lat-lon region.
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Submodules




cdms2.CDML module

CDML Document Type Definition
This defines the CDML language


	
class CDML(uri=None)

	Bases: object


	
buildDTD(uri)

	




	
buildExtra(uri)

	




	
cache = {}

	




	
extraCache = {}

	










cdms2.CDMLParser module

Parse a CDML/XML file


	
class CDMLParser(verbose=0)

	Bases: cdms2.cdxmllib.XMLParser


	
cdml_syntax_error(lineno, message)

	




	
close()

	




	
end_attr()

	




	
end_axis()

	




	
end_cdml()

	




	
end_component()

	




	
end_compoundAxis()

	




	
end_data()

	




	
end_dataset()

	




	
end_doclink()

	




	
end_domElem()

	




	
end_domain()

	




	
end_linear()

	




	
end_rectGrid()

	




	
end_variable()

	




	
end_xlink()

	




	
getCurrentNode()

	




	
getRoot()

	




	
handle_cdata(data)

	




	
handle_data(data)

	




	
handle_proc(name, data)

	




	
handle_special(data)

	




	
handle_starttag(tag, method, attrs)

	




	
popCurrentNode()

	




	
pushCurrentNode(node)

	




	
start_attr(attrs)

	




	
start_axis(attrs)

	




	
start_cdml(attrs)

	




	
start_component(attrs)

	




	
start_compoundAxis(attrs)

	




	
start_data(attrs)

	




	
start_dataset(attrs)

	




	
start_doclink(attrs)

	




	
start_domElem(attrs)

	




	
start_domain(attrs)

	




	
start_linear(attrs)

	




	
start_rectGrid(attrs)

	




	
start_variable(attrs)

	




	
start_xlink(attrs)

	




	
unknown_charref(ref)

	




	
unknown_endtag(tag)

	




	
unknown_entityref(ref)

	




	
unknown_starttag(tag, attrs)

	










cdms2.MV2 module

CDMS Variable objects, MaskedArray interface


	
arange(start, stop=None, step=1, typecode=None, axis=None, attributes=None, id=None, dtype=None)

	Just like range() except it returns a variable whose type can be specfied
by the keyword argument typecode. The axis of the result variable may be specified.






	
argsort(x, axis=- 1, fill_value=None)

	Treating masked values as if they have the value fill_value,
return sort indices for sorting along given axis.
if fill_value is None, use fill_value(x)






	
arrayrange(start, stop=None, step=1, typecode=None, axis=None, attributes=None, id=None, dtype=None)

	Just like range() except it returns a variable whose type can be specfied
by the keyword argument typecode. The axis of the result variable may be specified.






	
asarray(data, typecode=None, dtype=None) is equivalent to array(data, dtype=None, copy=0)

	Assarray


	Returns

	
	data if dtype is None or data is a MaskedArray of the same dtype.
	

	typecode arg is for backward compatibility.
	












	
average(a, axis=None, weights=None, returned=False)

	Return the weighted average of array over the given axis.


	Parameters

	
	aarray_like
	Data to be averaged.
Masked entries are not taken into account in the computation.



	axisint, optional
	Axis along which to average a. If None, averaging is done over
the flattened array.



	weightsarray_like, optional
	The importance that each element has in the computation of the average.
The weights array can either be 1-D (in which case its length must be
the size of a along the given axis) or of the same shape as a.
If weights=None, then all data in a are assumed to have a
weight equal to one.  The 1-D calculation is:

avg = sum(a * weights) / sum(weights)





The only constraint on weights is that sum(weights) must not be 0.



	returnedbool, optional
	Flag indicating whether a tuple (result, sum of weights)
should be returned as output (True), or just the result (False).
Default is False.







	Returns

	
	average, [sum_of_weights](tuple of) scalar or MaskedArray
	The average along the specified axis. When returned is True,
return a tuple with the average as the first element and the sum
of the weights as the second element. The return type is np.float64
if a is of integer type and floats smaller than float64, or the
input data-type, otherwise. If returned, sum_of_weights is always
float64.









Examples

>>> a = np.ma.array([1., 2., 3., 4.], mask=[False, False, True, True])
>>> np.ma.average(a, weights=[3, 1, 0, 0])
1.25





>>> x = np.ma.arange(6.).reshape(3, 2)
>>> x
masked_array(
  data=[[0., 1.],
        [2., 3.],
        [4., 5.]],
  mask=False,
  fill_value=1e+20)
>>> avg, sumweights = np.ma.average(x, axis=0, weights=[1, 2, 3],
...                                 returned=True)
>>> avg
masked_array(data=[2.6666666666666665, 3.6666666666666665],
             mask=[False, False],
       fill_value=1e+20)










	
choose(myindices, t)

	Choose


	Returns

	
	an array shaped like indices containing elements chosen from t.
	

	If an element of t is the special element masked, any element of
	

	the result that “chooses” that element is masked. The result has
	

	only the default axes.
	












	
commonAxes(a, bdom, omit=None)

	Helper function for commonDomain.


	Parameters

	
	‘a’is a variable or array,
	

	‘b’is an axislist or None.
	












	
commonDomain(a, b, omit=None)

	Common Domain


	Parameters

	
	commonDomain(a,b)tests that the domains of variables/arrays a and b are equal,
	





	Returns

	
	the common domain if equal, or None if not equal.
	

	The domains may differ in that one domain may have leading
	

	axes not common to the other; the result domain will contain those axes.
	If <omit> is specified, as an integer i, skip comparison of the ith dimension
and return None for the ith (common) dimension.














	
commonGrid(a, b, axes)

	Common Grid


	Parameters

	
	commonGrid(a,b,axes)tests if the grids associated with variables a, b are equal
	and consistent with the list of axes.



	If so, the common grid is returned, else None is returned.
	

	a and b can be numpy arrays, in which case the result is None.
	

	The common grid is ‘consistent’ with axes if the grid axes (e.g., the axes of
	

	latitude and longitude coordinate variables) are members of the list ‘axes’.
	

	If the grid(s) of a, b are rectilinear, the result is None, as the grids
	

	are implicitly defined by the axes.
	












	
commonGrid1(a, gb, axes)

	Helper function for commonGrid.






	
compress(a, b)

	




	
concatenate(arrays, axis=0, axisid=None, axisattributes=None)

	Concatenate the arrays along the given axis. Give the extended axis the id and
attributes provided - by default, those of the first array.






	
count(a, axis=None)

	Count of the non-masked elements in a, or along a certain axis.






	
diagonal(a, offset=0, axis1=0, axis2=1)

	Diagonal


	Parameters

	
	diagonal(a, offset=0, axis1=0, axis2 = 1)
	





	Returns

	
	The given diagonals defined by the two dimensions of the array.
	












	
dump(file)

	Dump a pickle of the array to the specified file.
The array can be read back with pickle.load or numpy.load.


	Parameters

	
	filestr or Path
	A string naming the dump file.


Changed in version 1.17.0: pathlib.Path objects are now accepted.
















	
fill_value(ar)

	




	
fromfunction(f, dimensions)

	Apply f to s to create an array as in numpy.






	
get_print_limit()

	




	
isMaskedVariable(x)

	Is x a masked variable, that is, an instance of AbstractVariable?






	
is_floating(x)

	Is x a scalar float, either python or numpy?






	
is_integer(x)

	Is x a scalar integer, either python or numpy?






	
is_masked(x)

	Is x a 0-D masked value?






	
left_shift(a, n)

	Left shift n bits






	
masked_array(a, mask=None, fill_value=None, axes=None, attributes=None, id=None)

	Masked Array


	Parameters

	
	masked_array(a, mask=None) =  array(a, mask=mask, copy=0, fill_value=fill_value)
	

	Use fill_value(a) if None.
	












	
masked_equal(x, value)

	masked_equal(x, value) = x masked where x == value
For floating point consider masked_values(x, value) instead.






	
masked_greater(x, value)

	masked_greater(x, value) = x masked where x > value






	
masked_greater_equal(x, value)

	masked_greater_equal(x, value) = x masked where x >= value






	
masked_inside(x, v1, v2)

	x with mask of all values of x that are inside [v1,v2]






	
masked_less(x, value)

	masked_less(x, value) = x masked where x < value






	
masked_less_equal(x, value)

	masked_less_equal(x, value) = x masked where x <= value






	
masked_not_equal(x, value)

	masked_not_equal(x, value) = x masked where x != value






	
masked_object(data, value, copy=1, savespace=0, axes=None, attributes=None, id=None)

	Create array masked where exactly data equal to value






	
masked_outside(x, v1, v2)

	x with mask of all values of x that are outside [v1,v2]






	
masked_values(data, value, rtol=1e-05, atol=1e-08, copy=1, savespace=0, axes=None, attributes=None, id=None)

	Masked Values


	Parameters

	
	masked_values(data, value, rtol=1.e-5, atol=1.e-8)
	

	Create a masked array; mask is None if possible.
	

	May share data values with original array, but not recommended.
	

	Masked where abs(data-value)<= atol + rtol * abs(value)
	












	
masked_where(condition, x, copy=1)

	Marked Where


	Returns

	
	x as an array masked where condition is true. Also masked where x or condition masked.
	












	
max(a, axis=None)

	Return the maximum along a given axis.


	Parameters

	
	axis{None, int}, optional
	Axis along which to operate.  By default, axis is None and the
flattened input is used.



	outarray_like, optional
	Alternative output array in which to place the result.  Must
be of the same shape and buffer length as the expected output.



	fill_value{var}, optional
	Value used to fill in the masked values.
If None, use the output of maximum_fill_value().



	keepdimsbool, optional
	If this is set to True, the axes which are reduced are left
in the result as dimensions with size one. With this option,
the result will broadcast correctly against the array.







	Returns

	
	amaxarray_like
	New array holding the result.
If out was specified, out is returned.










See also


	maximum_fill_value
	Returns the maximum filling value for a given datatype.












	
min(a, axis=None)

	Return the minimum along a given axis.


	Parameters

	
	axis{None, int}, optional
	Axis along which to operate.  By default, axis is None and the
flattened input is used.



	outarray_like, optional
	Alternative output array in which to place the result.  Must be of
the same shape and buffer length as the expected output.



	fill_value{var}, optional
	Value used to fill in the masked values.
If None, use the output of minimum_fill_value.



	keepdimsbool, optional
	If this is set to True, the axes which are reduced are left
in the result as dimensions with size one. With this option,
the result will broadcast correctly against the array.







	Returns

	
	aminarray_like
	New array holding the result.
If out was specified, out is returned.










See also


	minimum_fill_value
	Returns the minimum filling value for a given datatype.












	
ones(myshape, typecode=<class 'float'>, savespace=0, axes=None, attributes=None, id=None, grid=None, dtype=None)

	ones(n, typecode=float, savespace=0, axes=None, attributes=None, id=None) =
an array of all ones of the given length or shape.






	
outerproduct(a, b) = {a[i]*b[j]}, has shape (len(a), len(b))

	




	
power(a, b, third=None)

	a**b






	
product(a, axis=0, dtype=None)

	Product of elements along axis.






	
repeat(a, repeats, axis=None)

	repeat elements of a repeats times along axis
repeats is a sequence of length a.shape[axis]
telling how many times to repeat each element.






	
reshape(a, newshape, axes=None, attributes=None, id=None, grid=None)

	
	numpy doc: 
	Gives a new shape to an array without changing its data.






	Parameters

	
	aarray_like
	
Array to be reshaped.





	newshapeint or tuple of ints
	The new shape should be compatible with the original shape. If
an integer, then the result will be a 1-D array of that length.
One shape dimension can be -1. In this case, the value is
inferred from the length of the array and remaining dimensions.



	order{‘C’, ‘F’, ‘A’}, optional
	Read the elements of a using this index order, and place the
elements into the reshaped array using this index order.  ‘C’
means to read / write the elements using C-like index order,
with the last axis index changing fastest, back to the first
axis index changing slowest. ‘F’ means to read / write the
elements using Fortran-like index order, with the first index
changing fastest, and the last index changing slowest. Note that
the ‘C’ and ‘F’ options take no account of the memory layout of
the underlying array, and only refer to the order of indexing.
‘A’ means to read / write the elements in Fortran-like index
order if a is Fortran contiguous in memory, C-like order
otherwise.











	Returns

	
	reshaped_arrayndarray
	This will be a new view object if possible; otherwise, it will
be a copy.  Note there is no guarantee of the memory layout (C- or
Fortran- contiguous) of the returned array.










See also


	ndarray.reshape
	Equivalent method.







Notes

It is not always possible to change the shape of an array without
copying the data. If you want an error to be raised when the data is copied,
you should assign the new shape to the shape attribute of the array:

>>> a = np.zeros((10, 2))

# A transpose makes the array non-contiguous
>>> b = a.T

# Taking a view makes it possible to modify the shape without modifying
# the initial object.
>>> c = b.view()
>>> c.shape = (20)
Traceback (most recent call last):
   ...
AttributeError: Incompatible shape for in-place modification. Use
`.reshape()` to make a copy with the desired shape.





The order keyword gives the index ordering both for fetching the values
from a, and then placing the values into the output array.
For example, let’s say you have an array:

>>> a = np.arange(6).reshape((3, 2))
>>> a
array([[0, 1],
       [2, 3],
       [4, 5]])





You can think of reshaping as first raveling the array (using the given
index order), then inserting the elements from the raveled array into the
new array using the same kind of index ordering as was used for the
raveling.

>>> np.reshape(a, (2, 3)) # C-like index ordering
array([[0, 1, 2],
       [3, 4, 5]])
>>> np.reshape(np.ravel(a), (2, 3)) # equivalent to C ravel then C reshape
array([[0, 1, 2],
       [3, 4, 5]])
>>> np.reshape(a, (2, 3), order='F') # Fortran-like index ordering
array([[0, 4, 3],
       [2, 1, 5]])
>>> np.reshape(np.ravel(a, order='F'), (2, 3), order='F')
array([[0, 4, 3],
       [2, 1, 5]])





axes/attributes/grid are applied onto the new variable






	
resize(a, new_shape)

	Resize


	Returns

	
	a new array with the specified shape.
	

	The original array’s total size can be any size.
	












	
right_shift(a, n)

	Right shift n bits






	
set_default_fill_value(value_type, value)

	Set the default fill value for value_type to value.
Parameters
———-
value_type is a string : real’,’complex’,’character’,’integer’,or ‘object’.

value should be a scalar or single-element array.






	
set_print_limit(limit=inf)

	




	
sort(a, axis=- 1)

	The sort axis is replaced with a dummy axis.

Return a sorted copy of the masked array.

Equivalent to creating a copy of the array
and applying the  MaskedArray sort() method.

Refer to MaskedArray.sort for the full documentation


See also


	MaskedArray.sort
	equivalent method












	
squeeze(x)

	call numpy.squeeze on ndarray and rebuild tvariable.






	
sum(a, axis=None, fill_value=0, dtype=None)

	Sum of elements along a certain axis.






	
take(a, myindices, axis=None)

	take(a, indices, axis=None) returns selection of items from a.






	
transpose(a, axes=None)

	transpose(a, axes=None) reorder dimensions per tuple axes






	
class var_binary_operation(mafunc)

	Bases: object


	
accumulate(target, axis=0)

	




	
outer(a, b)

	Return the function applied to the outer product of a and b






	
reduce(target, axis=0)

	








	
class var_unary_operation(mafunc)

	Bases: object






	
class var_unary_operation_with_axis(mafunc)

	Bases: object






	
where(condition, x, y)

	where(condition, x, y) is x where condition is true, y otherwise






	
zeros(myshape, typecode=<class 'float'>, savespace=0, axes=None, attributes=None, id=None, grid=None, dtype=None)

	zeros(n, typecode=float, savespace=0, axes=None, attributes=None, id=None) =
an array of all zeros of the given length or shape.








cdms2.avariable module

CDMS Variable objects, abstract interface


	
class AbstractVariable(parent=None, variableNode=None)

	Bases: cdms2.cdmsobj.CdmsObj, cdms2.slabinterface.Slab

Not to be called by users.


	Parameters

	
	variableNode
	
is the variable tree node, if any.





	parent
	is the containing dataset instance.














	
assignValue(data)

	




	
astype(tc)

	return self as array of given type.






	
crossSectionRegrid(newLevel, newLatitude, missing=None, order=None, method='log')

	Return the variable regridded to new pressure levels and latitudes.
The variable should be a function of lat, level, and (optionally) time.


	Parameters

	
	newLevelis an axis of the result pressure levels.
	

	newLatitudeis an axis of latitude values.
	

	methodOptional either “log” to interpolate in the log of pressure (default),
	or “linear” for linear interpolation.



	missing and orderare as for regrid.CrossSectionRegridder.
	












	
decode(ar)

	Decode compressed data.


	Parameters

	
	aris a masked array, scalar, or numpy.ma.masked.
	












	
expertSlice(slicelist)

	




	
generateGridkey(convention, vardict)

	Determine if the variable is gridded.


	Parameters

	
	conventionMetadata convention class
	

	vardictVariable metedata
	





	Returns

	
	((latname, lonname, order, maskname, class), lat, lon) if gridded
	

	(None, None, None) if not gridded
	












	
generateRectGridkey(lat, lon)

	Determine if the variable is gridded, rectilinear.


	Parameters

	
	latlatitude axis
	

	lonlongitude axis
	





	Returns

	
	(latname, lonname, order, maskname, class) if gridded, None if not gridded.
	












	
getAxis(n)

	Get the n-th axis.


	Parameters

	
	nAxis number
	





	Returns

	
	if n < 0: n = n + self.rank()
	

	self.getDomain()[n][0]
	












	
getAxisIds()

	Get a list of axis identifiers.


	Returns

	
	array list of axis ids
	












	
getAxisIndex(axis_spec)

	Get the index of the axis specificed by axis_spec.


	Parameters

	
	axis_spec :
	





	Returns

	
	the axis index or -1 if no match is found.
	












	
getAxisList(axes=None, omit=None, order=None)

	Get the list of axis objects

Notes

If axes is not None, include only certain axes.
If omit is not None, omit those specified by omit.

Arguments omit or axes  may be as specified in axisMatchAxis

order is an optional string determining the output order






	
getAxisListIndex(axes=None, omit=None, order=None)

	Get Axis List Index


	Returns

	
	a list of indices of axis objects
	







Notes

If axes is not None, include only certain axes.
less the ones specified in omit.

If axes is None, use all axes of this variable.

Other specificiations are as for axisMatchIndex.






	
getConvention()

	Get the metadata convention associated with this object.






	
getDomain()

	Get the list of axes






	
getForecast()

	




	
getForecastTime()

	Get the first forecast time dimension.


	Returns

	
	First forecast time dimension axis or None.
	












	
getGrid()

	




	
getGridIndices()

	Get Grid Indices


	Returns

	
	a tuple of indices corresponding to the variable grid.
	












	
getLatitude()

	Get the first latitude dimension.


	Returns

	
	First latitude dimension axis or None.
	












	
getLevel()

	Get the first vertical level dimension in the domain.


	Returns

	
	First vertical level dimension axis or None.
	












	
getLongitude()

	Get the first longitude dimension.


	Returns

	
	First longitude dimension axis or None.
	












	
getMissing(asarray=0)

	Get Missing


	Parameters

	
	asarray‘0’
	

	‘1’numpy array
	





	Returns

	
	the missing value as a scalar, or as a numpy array if asarray==1
	












	
getOrder(ids=0)

	Get Order


	Parameters

	
	id0 or 1
	





	Returns

	
	the order string, such as t, z, y, x (time, level, lat, lon).
	

	Notes
	




	
	if ids == 0 (the default) for an axis that is not t,z,x,y
	the order string will contain a (-) character in that location.
The result string will be of the same length as the number
of axes. This makes it easy to loop over the dimensions.







	
	if ids == 1 those axes will be represented in the order
	string as (id) where id is that axis’ id. The result will
be suitable for passing to order2index to get the
corresponding axes, and to orderparse for dividing up into
components.


















	
getRegion(*specs, **keys)

	Read a region of data. A region is an n-dimensional rectangular region specified in coordinate space.


	Parameters

	
	sliceis an argument list, each item of which has one of the following forms:
	
	
	x, where x is a scalar
	
	Map the scalar to the index of the closest coordinate value.










	
	(x, y)
	
	Map the half-open coordinate interval [x,y) to index interval.










	
	(x, y, ‘cc’)
	
	Map the closed interval [x,y] to index interval. Other options
are ‘oo’ (open), ‘oc’ (open on the left), and ‘co’
(open on the right, the default).










	
	(x, y, ‘co’, cycle)
	
	Map the coordinate interval with wraparound. If no cycle is
specified, wraparound will occur iff axis.isCircular() is true.














	EllipsisRepresents the full range of all dimensions bracketed by non-Ellipsis items.
	

	None, colonRepresents the full range of one dimension.
	

	Notes
	

	Only one dimension may be wrapped.
	

	Example
	

	Suppose the variable domain is `(time, level, lat, lon)`. Then
	>>> getRegion((10, 20), 850, Ellipsis,(-180, 180))






	retrieves :
	
	all times t such that 10.<=t<20.


	level 850.


	all values of all dimensions between level and lon (namely, lat).


	longitudes x such that -180<=x<180. This will be wrapped unless lon.topology==’linear’.





















	
getSlice(*specs, **keys)

	getSlice takes arguments of the following forms and produces
a return array.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid.
	

	orderif given, result is permuted into this order
	

	numericSqueezeif index slice is given, eliminate that dimension.
	

	isitemif given, result is return as a scaler for 0-D data
	

	Notes
	

	There can be zero or more positional arguments, each of the form:
	

	#. a single integer n, meaning slice(n, n+1)
	

	#. an instance of the slice class
	

	#. a tuple, which will be used as arguments to create a slice
	

	#. `None` or `:`, which means a slice covering that entire dimension
	

	#. Ellipsis (…), which means to fill the slice list with `:`
	leaving only enough room at the end for the remaining positional arguments



	There can be keyword arguments of the form key = value, where
	

	key can be one of the names `time`, `level`, `latitude`, or
	

	`longitude`. The corresponding value can be any of (1)-(5) above.
	

	There must be no conflict between the positional arguments and
	

	the keywords.
	

	In (1)-(5) negative numbers are treated as offsets from the end
	

	of that dimension, as in normal Python indexing.
	












	
getTime()

	Get the first time dimension.


	Returns

	
	First Time dimension axis or None.
	












	
getValue(squeeze=1)

	Get the entire set of values.


	Returns

	
	All values and elimite the 1-D dimension.
	












	
hasCellData()

	If any of the variable’s axis has explicit bounds, we have cell data
otherwise we have point data.


	Returns

	
	True or False if axis has cell data.
	












	
info(flag=None, device=None)

	Write info about slab; include dimension values and weights if flag






	
isAbstractCoordinate()

	




	
isEncoded()

	True if self is represented as packed data.






	
pressureRegrid(newLevel, missing=None, order=None, method='log')

	Return the variable regridded to new pressure levels.
The variable should be a function of lat, lon, pressure, and (optionally) time.


	Parameters

	
	newLevelis an axis of the result pressure levels.
	

	methodis optional, either log to interpolate in the log of pressure (default),
	or linear for linear interpolation.



	missing and orderare as for regrid.PressureRegridder.
	












	
rank()

	




	
reg_specs2slices(initspeclist, force=None)

	




	
regrid(togrid, missing=None, order=None, mask=None, **keywords)

	return self regridded to the new grid.
One can use the regrid2.Regridder optional arguments as well.

Example

>>> new_cdmsVar = cdmsVar.regrid(newGrid)  # uses libcf
>>> new_cdmsVar = cdmsVar.regrid(newGrid, regridMethod = 'conserve', coordSys = 'cart')






	Parameters

	
	togridtogrid destination grid. CDMS grid
	

	missingOptional missing missing values
	

	orderOptional order axis order
	

	maskOptional mask grid/data mask
	

	**keyords
	

	keywords optional keyword arguments dependent on regridTool
	





	Returns

	
	regridded variable
	












	
reorder(order)

	Reorder per the specification order.


	Parameters

	
	orderstring can be “tzyx” with all possible axes permutation.
	





	Returns

	
	New reordered variable.
	












	
select(*args, **kwargs)

	Selection of a subregion using selectors.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid
	

	orderif given, result is permuted into this order
	





	Returns

	
	Subregion selected
	












	
setGrid(grid)

	




	
setMissing(value)

	Set the missing value.


	Parameters

	
	valuescalar, a single-valued numpy array, or None.
	

	Note :
	

	The value is cast to the same type as the variable.
	












	
specs2slices(speclist, force=None)

	Create an equivalent list of slices from an index specification.
An index specification is a list of acceptable items, which are



	an integer


	a slice instance (slice(start, stop, stride))


	the object “unspecified”


	the object None


	a colon







The size of the speclist must be self.rank()






	
squeeze()

	




	
subRegion(*specs, **keys)

	




	
subSlice(*specs, **keys)

	




	
typecode()

	








	
getMinHorizontalMask(var)

	Get the minimum mask associated with ‘x’ and ‘y’
(i.e. with the min number of ones) across all axes


	Parameters

	
	varCDMS variable with a mask
	

	N/ANone
	





	Returns

	
	mask array or Noneif order ‘x’ and ‘y’ were not found
	












	
getNumericCompatibility()

	




	
order2index(axes, order)

	Find the index permutation of axes to match order.
The argument order is a string.

Note:



	Order elements can be:
	
	Letters t, x, y, z meaning time, longitude, latitude, level.


	Numbers 0-9 representing position in axes


	The letter - meaning insert the next available axis here.


	The ellipsis … meaning fill these positions with any remaining axes.


	(name) meaning an axis whose id is name.
















	
orderparse(order)

	Parse an order string. Returns a list of axes specifiers.

Note:



	Order elements can be:
	
	Letters t, x, y, z meaning time, longitude, latitude, level


	Numbers 0-9 representing position in axes


	The letter - meaning insert the next available axis here.


	The ellipsis … meaning fill these positions with any remaining axes.


	(name) meaning an axis whose id is name
















	
setNumericCompatibility(mode)

	






cdms2.axis module

CDMS Axis objects


	
class AbstractAxis(parent, node)

	Bases: cdms2.cdmsobj.CdmsObj


	Parameters

	
	parentcdms2.dataset.CdmsFile
	Reference to CdmsFile containing axis.



	nodeNone
	Not used.










	
asComponentTime(calendar=None)

	Returns values as component time if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.














	
asDTGTime(calendar=None)

	Returns values as DTG if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.














	
asRelativeTime(units=None)

	Returns values as relative time if axis represents time.


	Parameters

	
	unitsstr
	Base units used in conversion of values.














	
asdatetime(calendar=None)

	Returns values as datetime.datetime if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.














	
assignValue(data)

	Sets data.


	Parameters

	
	datanumpy.ndarray
	Data representing the axis.














	
clone(copyData=1)

	Clone axis.


	Parameters

	
	copyDataint
	1 Will copy the data.
0 Will use a reference of the axis data.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing a clone.














	
designateCircular(modulo, persistent=0)

	Designates axis as circular.


	Parameters

	
	modulofloat
	Length of cycle.



	persistent(bool/int)
	True: Sets values in underlying file.
Flase: Sets values in memory.














	
designateLatitude(persistent=0)

	Designate axis as latitude.

Sets attribute axis to “Y”.


	Parameters

	
	persistentint
	0: Sets value in memory.
1: Sets value in underlying file.














	
designateLevel(persistent=0)

	Designate axis as level.

Sets attribute axis to “Z”.


	Parameters

	
	persistentint
	0: Sets value in memory.
1: Sets value in underlying file.














	
designateLongitude(persistent=0, modulo=360.0)

	Designate axis as longitude.

Sets attribute axis to “X”.


	Parameters

	
	persistentint
	0: Sets value in memory.
1: Sets value in underlying file.



	modulofloat
	Sets topology of longitude. None will set topology to “linear”.














	
designateTime(persistent=0, calendar=None)

	Designate axis as time.

Sets attribute axis to “T”.


	Parameters

	
	persistentint
	0: Sets value in memory.
1: Sets value in underlying file.



	calendarcdtime.Calendar
	Sets the calendar for the time axis. See cdtime for valid calendars.














	
dtype(name=None)

	Gets numpy dtype.


	Parameters

	
	namestr
	Name of the dtype














	
genGenericBounds(width=1.0)

	Generate generic bounds.

Generate generic bounds. The axis values will be in the center of the
bounds.

If the axis is latitude the endpoints of the bounds are capped at 90
and -90 respectively.

If the axis is longitude the endpoints of the bounds will be adjusted
as to ensure they are circular.


	Parameters

	
	widthfloat
	Width of the bounds when axis length is 1.







	Returns

	
	numpy.ndarray
	2D (n,2) array containing bounds values.









Examples

>>> a1 = cdms2.createAxis(np.arange(0, 360, 1), id='lon')
>>> a1.designateLongitude()
>>> b1 = a1.genGenericBounds()
>>> b1[0, 0], b1[-1, 1]
(array([-0.5,  0.5]), array([358.5, 359.5]))





>>> a1 = cdms2.createAxis(np.arange(0, 360, 1), id='lon')
>>> a1.designateLongitude()
>>> b1 = a1.genGenericBounds()
>>> b1[0, 0], b1[-1, 1]
(array([90.5, 89.5]), array([-88.5, -89.5]))










	
getBounds(isGeneric=None)

	Gets axis bounds.


	Parameters

	
	isGenericbool
	If True generic bounds will be generated otherwise bounds in file
be returned.














	
getBoundsForDualGrid(dualGrid)

	Get explicit bounds for dual grid.


	Parameters

	
	dualGridbool
	True if targetting dual grids otherwise False.







	Returns

	
	numpy.ndarray
	If bounds are explicit and dualGrid is True then the explicit
bounds are returned otherwise None is.

If bounds are no explicit and dualGrid is False then the bounds
are returned otherise None is.














	
getCalendar()

	Gets calendar for axis.

If the axis represents time then the calendar is return if stored in the attributes.


	Returns

	
	cdtime.Calendar
	Returns the calendar for the axis if defined otherwise None`














	
getData()

	Get data.


	Returns

	
	numpy.ndarray
	Returns the axis data.














	
getExplicitBounds()

	Gets explicit bounds.


	Returns

	
	numpy.ndarray
	Returns bounds if they are cells otherise None is returned.














	
getModulo()

	Get axis modulo.


	Returns

	
	float
	The modulo value for the axis if axis is circular.














	
getModuloCycle()

	Gets axis modulo.

Defaults to 360.0 if not store in attributes.


	Returns

	
	float
	The modulo value for the axis.














	
getValue()

	Gets entire data.


	Returns

	
	numpy.ndarray
	Returns the axis data.














	
idtaxis = {}

	




	
info(flag=None, device=None)

	Write info about axis; include dimension values and weights if flag






	
isCircular()

	Checks if axis is circular.

Checks for attribute “realtopology” first. If “realtopology” is not present
then the data is checked. Attribute “realtopology” is set from the result of
checking the data.


	Returns

	
	bool
	True if axis is circular otherwise False.














	
isCircularAxis()

	Superficial check if axis is circular.


	Returns

	
	(bool/int)
	True if axis topology is set to circular.
False if axis topology is not circular.
1 if axis is longitude.
0 if not circular.














	
isForecast()

	Checks if axis is forecast.


	Returns

	
	bool
	True if axis is forecast otherwise False.














	
isForecastTime()

	Checks if axis is forecast.


	Returns

	
	bool
	True if axis is forecast otherwise False.














	
isLatitude()

	Checks if axis is latitude.


	Returns

	
	bool
	True if axis is latitude otherwise false.














	
isLevel()

	Checks if axis is level.


	Returns

	
	bool
	True if axis is level otherwise false.














	
isLinear()

	Checks if axis is linear.


	Returns

	
	bool
	True if axis is linear otherwise False.














	
isLongitude()

	Checks if axis is longitude.


	Returns

	
	bool
	True if axis is longitude otherwise False.














	
isTime()

	Checks if axis is time.


	Returns

	
	bool
	True if axis is time otherwise false.














	
isVirtual()

	Return true iff coordinate values are implicitly defined.






	
listall(all=None)

	List axis information.


	Parameters

	
	allbool
	If True values and bounds will be printed.







	Returns

	
	str
	Returns a string with all the information about the axis.














	
mapInterval(interval, indicator='ccn', cycle=None)

	Map coordinate interval to index interval. interval has one of the forms



	(x,y)


	(x,y,indicator): indicator overrides keywork argument


	(x,y,indicator,cycle): indicator, cycle override keyword arguments


	None: indicates the full interval







where x and y are the endpoints in coordinate space. indicator is a
two-character string, where the first character is c if the interval
is closed on the left, o if open, and the second character has the
same meaning for the right-hand point. Set cycle to a nonzero value
to force wraparound.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.







	Returns

	
	The corresponding index interval (i,j), where i<j, indicating
	

	the half-open index interval [i,j), or None if the intersection is empty.
	

	For an axis which is circular (self.topology == ‘circular’), [i,j)
	

	is interpreted as follows (where N = len(self)):
	




	if j<=N, the interval does not wrap around the axis endpoint
..


	if j>N, the interval wraps around, and is equivalent to the
two consecutive intervals [i,N), [0,j-N)





	Example:
	
if the vector is [0,2,4,…,358] of length 180,and the coordinate
interval is [-5,5), the return index interval is[178,183). This is
equivalent to the two intervals [178,180) and [0,3).





	Note:
	if the interval is interior to the axis, but does not span any axis element,
a singleton (i,i+1) indicating an adjacent index is returned.


















	
mapIntervalExt(interval, indicator='ccn', cycle=None, epsilon=None)

	Extended mapInterval.

See mapInterval for full documentation.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.



	epsilonNot use.
	





	Returns

	
	int, int, int
	Returns tuple containing the first and last index along with the stride.














	
rank()

	Gets rank of contained data.


	Returns

	
	int
	Number of dimensions.














	
setBounds(bounds)

	Sets the bounds for the axis.


	Parameters

	
	boundsnumpy.ndarray
	2D array containing bounds for the axis.














	
setCalendar(calendar, persistent=1)

	Sets calendar for axis.


	Parameters

	
	calendarcdtime.Calendar
	Calendar to set for the axis.



	persistent(bool/int)
	Sets the calender in the underlying file if True otherwise its set in memory.














	
property shape

	




	
subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.














	
subaxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.














	
toRelativeTime(units, calendar=None)

	Converts values in-place to relative time.


	Parameters

	
	unitsstr
	Base units used converting component to relative values.



	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.














	
typecode()

	Data typecode.






	
validateBounds(bounds)

	Checks whether boundaries are valid.

Performs the following checks:
- Bounds shape is correct for axis data.
- Bounds values are monotonic.


	Parameters

	
	boundsnumpy.ndarray
	2D array containing bounds.









Notes

This method does modify bounds by reshaping.










	
class AliasList(alist)

	Bases: collections.UserList

AliasList.


	
append(value)

	append.


	Parameters

	
	value :
	value














	
extend(values)

	extend.


	Parameters

	
	values :
	values


















	
class Axis(parent, axisNode=None)

	Bases: cdms2.axis.AbstractAxis

Base Axis class.


	Parameters

	
	parentcdms2.CdmsFile
	Underlying file object.



	axisNodexml.etree.Element
	Xml element for axis.










	
getBounds(isGeneric=None)

	Get axis bounds.

If bounds are not available and you want them generated set the correct
behavior using setAutoBounds.


	Parameters

	
	isGenericlist of bool
	First value is set True if bounds are generated.







	Returns

	
	numpy.ndarray
	Returns bounds if available, generates bounds if setAutoBounds has been set
accordingly otherise None is returned.














	
getCalendar()

	Gets calendar for axis.

If the axis represents time then the calendar is return if stored in the attributes.


	Returns

	
	cdtime.Calendar
	Returns the calendar for the axis if defined otherwise None`














	
getData()

	Get axis data.


	Returns

	
	numpy.ndarray
	Returns axis data.














	
getExplicitBounds()

	Gets explicit bounds.


	Returns

	
	numpy.ndarray
	Returns bounds if they are cells otherise None is returned.














	
isLinear()

	Checks if axis is linear.


	Returns

	
	bool
	True if axis is linear otherwise False.














	
typecode()

	Get typecode.










	
class FileAxis(parent, axisname, obj=None)

	Bases: cdms2.axis.AbstractAxis

Axis stored in a file.


	Parameters

	
	parentcdms2.CdmsFile
	Underlying file.



	axisnamestr
	Name of the axis.



	obj
	








	
getBounds(isGeneric=None)

	Gets axis bounds.


	Parameters

	
	isGenericbool
	If True generic bounds will be generated otherwise bounds in file
be returned.














	
getCalendar()

	Gets calendar for axis.

If the axis represents time then the calendar is return if stored in the attributes.


	Returns

	
	cdtime.Calendar
	Returns the calendar for the axis if defined otherwise None`














	
getData()

	Get data.


	Returns

	
	numpy.ndarray
	Returns the axis data.














	
getExplicitBounds()

	Gets explicit bounds.


	Returns

	
	numpy.ndarray
	Returns bounds if they are cells otherise None is returned.














	
isLinear()

	isLinear.






	
isUnlimited()

	Is axis unlimited.


	Returns

	
	bool
	True if axis is unlimited otherwise False.














	
isVirtual()

	Return true iff coordinate values are implicitly defined.






	
setBounds(bounds, persistent=0, validate=0, index=None, boundsid=None, isGeneric=False)

	Sets the bounds for the axis.


	Parameters

	
	boundsnumpy.ndarray
	2D array containing bounds for the axis.














	
typecode()

	Data typecode.










	
class FileVirtualAxis(parent, axisname, axislen)

	Bases: cdms2.axis.FileAxis

Virual FileAxis.


	Parameters

	
	parentCdmsFile
	Underlying file.



	axisnamestr
	Name of the axis.



	axislenint
	Length of the axis.










	
getData()

	Get data.


	Returns

	
	numpy.ndarray
	Returns the axis data.














	
isVirtual()

	Checks if axis is virtual.


	Returns

	
	bool
	True if axis is virtual otherwise False.


















	
class TransientAxis(data, bounds=None, id=None, attributes=None, copy=0, genericBounds=False)

	Bases: cdms2.axis.AbstractAxis

Axis in memory.


	Parameters

	
	datanumpy.ndarray
	Array with data for axis.



	boundsnumpy.ndarray
	2D array containing bounds, should be shaped (N,2).



	idstr
	Identifier for axis.



	attributesdict
	Mapping of attribute names and values.



	copyint
	1: Store copy of data
0: Store reference to data



	genericBoundsbool
	If True and bounds is None generic bounds will be generated.










	
axis_count = 0

	




	
getBounds(isGeneric=None)

	Gets axis bounds.


	Parameters

	
	isGenericbool
	If True generic bounds will be generated otherwise bounds in file
be returned.














	
getData()

	Get data.


	Returns

	
	numpy.ndarray
	Returns the axis data.














	
getExplicitBounds()

	Gets explicit bounds.


	Returns

	
	numpy.ndarray
	Returns bounds if they are cells otherise None is returned.














	
isLinear()

	Checks if axis is linear.


	Returns

	
	bool
	True if axis is linear otherwise False.














	
setBounds(bounds, persistent=0, validate=0, index=None, boundsid=None, isGeneric=False)

	Sets axis bounds.

If bounds is None then generic bounds will be generated. See
genGenericBounds for details.


	Parameters

	
	boundsnumpy.ndarray
	2D array containing bounds for axis.



	persistentint
	0: Stores bounds in memory
1: Stores bounds in underlying file.



	validateint
	0: No validation
1: Validate bounds



	index :
	Not used.



	boundsid :
	Not used.



	isGenericbool
	True if bounds are generic.














	
typecode()

	Data typecode.










	
class TransientVirtualAxis(axisname, axislen)

	Bases: cdms2.axis.TransientAxis

Virtual in-memory axis.


	Parameters

	
	axisnamestr
	Name of the axis.



	axislenint
	Length of the axis.










	
clone(copyData=1)

	Clone axis.


	Parameters

	
	copyDataint
	1 Will copy the data.
0 Will use a reference of the axis data.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing a clone.














	
getData()

	Get data.


	Returns

	
	numpy.ndarray
	Returns the axis data.














	
isCircular()

	Checks if axis is circular.

Checks for attribute “realtopology” first. If “realtopology” is not present
then the data is checked. Attribute “realtopology” is set from the result of
checking the data.


	Returns

	
	bool
	True if axis is circular otherwise False.














	
isVirtual()

	Return true iff coordinate values are implicitly defined.






	
setBounds(bounds, isGeneric=False)

	Sets the bounds for the axis.


	Parameters

	
	boundsnumpy.ndarray
	2D array containing bounds for the axis.


















	
allclose(ax1, ax2, rtol=1e-05, atol=1e-08)

	All close


	Parameters

	
	ax1, ax2array_like
	





	Returns

	
	bool
	True if all elements of axes ax1 and ax2 are close,
in the sense of numpy.ma.allclose.



	See Alsoall, any
	







Examples

>>> a = ma.array([1e10, 1e-7, 42.0], mask=[0, 0, 1])
>>> a
masked_array(data = [10000000000.0 1e-07 --],
             mask = [False False True],
       fill_value = 1e+20)
>>> b = ma.array([1e10, 1e-8, 42.0], mask=[0, 0, 1])
>>> ma.allclose(a, b)
False










	
axisMatchAxis(axes, specifications=None, omit=None, order=None)

	Match a list of axes following a specification or list of
specificatons, and a specification or list of specifications
of those axes to omit.


	Parameters

	
	specifications :
	
	is None, include all axes less the omitted ones.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	omit :
	
	is None, do not omit any axis.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	order :
	
	A string containing the symbols t,x,y,z or -.  If a - is
given, any elements of the result not chosen otherwise are filled
in from left to right with remaining candidates.










	Returns

	
	A list of axes that match the specification omitting any axes that matches
	

	an omit specification.
	

	Axes are returned in the order they occur in the axes argument unless order is given.
	












	
axisMatchIndex(axes, specifications=None, omit=None, order=None)

	Match a list of axes following a specification or list of
specificatons, and a specification or list of specifications
of those axes to omit.


	Parameters

	
	specifications :
	
	is None, include all axes less the omitted ones.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	omit :
	
	is None, do not omit any axis.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	order :
	
	A string containing the symbols t,x,y,z or -.  If a - is
given, any elements of the result not chosen otherwise are filled
in from left to right with remaining candidates.










	Returns

	
	A list of axis’ indices which match the specification omitting any axes that matches an omit specification.
	

	Axes are returned in the order they occur in the axes argument unless order is given.
	












	
axisMatches(axis, specification)

	Axis Matches


	Parameters

	
	axisSee note below
	

	specificationsSee note below
	





	Returns

	
	1 or 0 depending on whether axis matches the specification.
	

	Notes
	

	Specification must be one of:
	




	
	a string representing an axis id or one of the keywords time,
	fctau0, latitude or lat, longitude or lon, or lev or level.







	
	Axis may be surrounded with parentheses or spaces.
	
	We first attempt to match the axis id and the specification.


	Keywords try to match using isTime, isLatitude, etc.


	Comparisons to keywords and axis ids is case-insensitive.










	
	a function that takes an axis as an argument and returns a value.
	
	if the value returned is true, the axis matches.










	
	an axis object; will match if it is the same object as axis.
	
















	
concatenate(axes, id=None, attributes=None)

	Concatenate multiple axes including boundaries.


	Parameters

	
	axesAxes to concatenate
	

	idNew axis identification (default None)
	

	attributesAttributes to attached to the new Axis
	





	Returns

	
	Transient axis.
	












	
createAxis(data, bounds=None, id=None, copy=0, genericBounds=False)

	Creates an axis.

To enabled automatic bounds generation see setAutoBounds.


	Parameters

	
	data(list/numpy.ndarray)
	Values for axis.



	boundsnumpy.ndarray
	2D array containing boundaries for data.



	idstr
	Axis identifier.



	copyint
	0: Stores reference of data.
1: Stores copy of data.



	genericBoundsbool
	True will create generic bounds if bounds is None.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing data.














	
createEqualAreaAxis(nlat)

	Creates an equal area axis.


	Parameters

	
	nlatint
	Number of latitudes to generate.







	Returns

	
	cdms2.TransientAxis
	TransientAxis containing equal area axis of nlat.














	
createGaussianAxis(nlat)

	Creates Guassian Axis.


	Parameters

	
	nlatint
	Number of latitudes to generate.



	Returns
	

	——
	

	cdms2.TransientAxis
	TransientaAxis containing guassian axis of nlat.














	
createUniformLatitudeAxis(startLat, nlat, deltaLat)

	Creates a uniform latitude axis.


	Parameters

	
	startLatfloat
	Starting latitude value.



	nlat :
	Number of latitudes.



	deltaLatfloat
	Difference between each latitude point.







	Returns

	
	cdms2.TransientAxis
	TransientAxis containing uniform latitude axis.














	
createUniformLongitudeAxis(startLon, nlon, deltaLon)

	Creates a uniform longitude axis.


	Parameters

	
	startLonfloat
	Starting longitude value.



	nlonint
	Number of longitudes.



	deltaLonfloat
	Difference between each longitude point.







	Returns

	
	cdms2.TransientAxis
	TransientAxis containing uniform longitude axis.














	
getAutoBounds()

	Gets AutoBounds mode.

See setAutoBounds for description of modes.






	
isOverlapVector(vec1, vec2, atol=1e-08)

	Is Overlap Vector


	Parameters

	
	vec1Input arrays to compare
	

	vec2Input arrays to compare
	

	atolfloat, optional
	

	Absolute tolerance, The absolute differenc is equal to **atol Default is 1e-8**
	





	Returns

	
	(isoverlap, index) :
	
	where isoverlap is true if a leading portion of vec1 is a subset of vec2;
	
	index is the index such that vec1[0] <= vec2[index]


	If indexl == len(vec2), then vec1[0] > vec2[len(vec2) - 1]





















	
isSubsetVector(vec1, vec2, tol)

	Checks if vec1 is a subset of vec2.


	Parameters

	
	vec1(cdms2.TransientAxis, cdms2.FileAxis, numpy.ndarray)
	Subset data.



	vec2(cdms2.TransientAxis, cdms2.FileAxis, numpy.ndarray)
	Superset data.



	tolfloat
	Tolerance used when checking for subset.







	Returns

	
	(bool/int), int
	First value of True denotes vec1 is a subset of vec2.
A value of 0 or False denotes the opposite.

Second value is the starting index of vec1 in vec2 if it
is a subset.














	
lookupArray(ar, value)

	Lookup value in array ar.


	Parameters

	
	arInput array
	

	valueValue to search
	





	Returns

	
	index:
	
	ar is monotonically increasing.


	
	value <= ar[index], index==0..len(ar)-1
	
	value > ar[index], index==len(ar)


	
	ar is monotonically decreasing:
	
	value >= ar[index], index==0..len(ar)-1


	value < ar[index], index==len(ar)

































	
mapLinearExt(axis, bounds, interval, indicator='ccn', epsilon=None, stride=1, wrapped=0)

	Map coordinate interval to index interval, without
wraparound. Interval has the form (x,y) where x and y are the
endpoints in coordinate space. Indicator is a three-character
string, where the first character is ‘c’ if the interval is closed
on the left, ‘o’ if open, and the second character has the same
meaning for the right-hand point. The third character indicates
how the intersection of the interval and axis is treated:

‘n’ - the node is in the interval
‘b’ - the interval intersects the cell bounds
‘s’ - the cell bounds are a subset of the interval
‘e’ - same as ‘n’, plus an extra node on either side.


	Returns

	
	The corresponding index interval (i,j), where i<j, indicating the
	

	half-open index interval [i,j), or None if the intersection is empty.
	












	
mapLinearIntersection(xind, yind, iind, aMinusEps, aPlusEps, bPlusEps, bMinusEps, boundLeft, nodeSubI, boundRight)

	Map Linear Intersection


	Parameters

	
	xindc’ if (a,b) is closed on the left, ‘o’ if open,
	

	yindsame for right endpoint j
	





	Returns

	
	True if the coordinate interval (a,b) intersects the node nodeSubI or cell
	

	bounds [boundLeft,boundRight], where the interval (a,b) is defined by:
	
	aMinusEps,aPlusEps = a +/- epsilon


	bPlusEps,bMinusEps = b +/- epsilon






	and the intersection option iind = ‘n’,’b’,’e’,’s’ specifies whether
	

	the intersection is with respect to the node value nodeSubI (‘n’ or ‘e’)
	

	or the cell bounds [boundLeft,boundRight].
	








See also


	mapLinearExt
	










	
setAutoBounds(mode)

	Sets AutoBounds behavior.

Automatically generates axis and grid boundaries when getBounds
is called.


	Parameters

	
	mode(str/int)
	0 : ‘off’   (No bounds will be generated)
1 : ‘on’    (Generate bounds)
2 : ‘grid’  (Generate bounds for lat/lon grids only)









Notes

This only affects 1D axes.






	
take(ax, indices)

	Take elements form an array along an axis


	Parameters

	
	axThe source array.
	

	indicesThe indices of the values to extract.
	





	Returns

	
	axisTransientAxis
	The return array has the same type of ax.
















cdms2.bindex module

Bin index for non-rectilinear grids


	
bindexHorizontalGrid(latlin, lonlin)

	Create a bin index for a horizontal grid.


	Parameters

	
	latlinlatlin is the raveled latitude values.
	

	latlonlonlin is the raveled longitude values.
	





	Returns

	
	resulting index.
	












	
intersectHorizontalGrid(latspecs, lonspecs, latlin, lonlin, index)

	Intersect a horizontal grid with a lat-lon region.


	Parameters

	
	latspecslatitude specs as defined in the grid module.
	

	lonspecslongitude specs as defined in the grid module.
	

	latlinlatlin is the raveled latitude array.
	

	lonlinlonlin is the raveled longitude array.
	

	indexindex is the bin index as returned from bindex.
	





	Returns

	
	an array of indices, in latlin/lonlin, of the points in the intersection.
	














cdms2.cache module




cdms2.cdmsNode module

CDMS node classes


	
class AttrNode(name, value=None)

	Bases: cdms2.cdmsNode.CdmsNode


	
getDatatype()

	




	
getLength()

	




	
getValueAsString()

	




	
mapToExternal()

	




	
setContentFromString(content)

	




	
setValueFromString(valString, datatype)

	




	
write(fd=None, tablevel=0, format=1)

	








	
class AxisNode(id, length, datatype='Long', data=None)

	Bases: cdms2.cdmsNode.CdmsNode


	
equal(axis)

	




	
extend(axis, isreltime=0, allowgaps=0)

	




	
getContent()

	




	
getData()

	




	
isClose(axis, eps)

	




	
mapToExternal()

	




	
monotonicity()

	




	
setContentFromString(datastring)

	




	
setData(data)

	




	
setLinearData(linearNode, partition=None)

	




	
setPartitionFromString(partstring)

	








	
class CdmsNode(tag, id=None, parent=None)

	Bases: object


	
add(child)

	




	
children()

	




	
getChildAt(index)

	




	
getChildCount()

	




	
getContent()

	




	
getExternalAttr(name)

	




	
getExternalAttrAsAttr(name)

	




	
getExternalDict()

	




	
getIndex(node)

	




	
getParent()

	




	
isLeaf()

	




	
mapToExternal()

	




	
removeChildAt(index)

	




	
setContentFromString(content)

	




	
setExternalAttr(name, value, datatype=None)

	




	
setExternalAttrFromAttr(attr)

	




	
setExternalDict(dict)

	




	
validate(idtable=None)

	




	
write(fd=None, tablevel=0, format=1)

	




	
write_ldif(parentdn, userAttrs=[], fd=None, format=1)

	




	
write_raw(fd=None)

	








	
class DatasetNode(id)

	Bases: cdms2.cdmsNode.CdmsNode


	
addId(id, child)

	




	
dump(path=None, format=1)

	




	
getChildNamed(id)

	




	
getIdDict()

	




	
validate(idtable=None)

	








	
class DocLinkNode(uri, content='')

	Bases: cdms2.cdmsNode.CdmsNode


	
mapToExternal()

	








	
class DomElemNode(name, start=None, length=None)

	Bases: cdms2.cdmsNode.CdmsNode


	
getName()

	




	
mapToExternal()

	




	
setName(name)

	




	
write(fd=None, tablevel=0, format=1)

	








	
class DomainNode

	Bases: cdms2.cdmsNode.CdmsNode






	
class LinearDataNode(start, delta, length)

	Bases: cdms2.cdmsNode.CdmsNode


	
concatenate(linearNode, allowgaps=0)

	




	
equal(axis)

	




	
equalVector(ar)

	




	
isClose(axis, eps)

	




	
isCloseVector(ar, eps)

	




	
mapToExternal()

	




	
monotonicity()

	




	
toVector(datatype)

	




	
validDeltaTypes = [<class 'int'>, <class 'float'>, <class 'list'>]

	




	
validStartTypes = [<class 'int'>, <class 'float'>, <class 'comptime'>, <class 'reltime'>]

	








	
exception NotMonotonicError

	Bases: cdms2.CDMSError






	
class RectGridNode(id, latitude, longitude, gridtype='unknown', order='yx', mask=None)

	Bases: cdms2.cdmsNode.CdmsNode


	
mapToExternal()

	








	
class VariableNode(id, datatype, domain)

	Bases: cdms2.cdmsNode.CdmsNode


	
getDomain()

	




	
mapToExternal()

	




	
setDomain(domain)

	








	
class XLinkNode(id, uri, contentRole, content='')

	Bases: cdms2.cdmsNode.CdmsNode


	
mapToExternal()

	








	
mapIllegalToEntity(matchobj)

	






cdms2.cdmsURLopener module

Overrides urllib error handling


	
class CDMSURLopener(*args, **kwargs)

	Bases: urllib.request.FancyURLopener


	
http_error_default(url, fp, errcode, errmsg, headers)

	Default error handling – don’t raise an exception.












cdms2.cdmsobj module

CDMS module-level functions and definitions


	
class CdmsObj(node=None)

	Bases: object


	
property attributes

	




	
dumpXML(self, path=None, format=1)

	Dump an XML representation of this object to a file.
path is the result file name, None for standard output.
`format`==1 if the file is formatted with newlines for readability


	Parameters

	
	path: (None)
	
result file name, None for standard output.





	format: (int)
	1 if the file is formatted with newlines for readability.











	Returns

	
	None: (None)
	nothing returned














	
matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)














	
matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.

















	
searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
	












	
searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list





















	
searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string





















	
generateTime(matchobj, timespecs)

	




	
getPathFromTemplate(template, matchnames)

	




	
getTimeAsString(spec, time)

	




	
matchPattern(objlist, pattern, attribute=None, tag=None)

	




	
matchingFiles(direc, template)

	




	
retglob(matchobj)

	




	
searchPattern(objlist, pattern, attribute=None, tag=None)

	




	
searchPredicate(objlist, predicate, tag=None)

	




	
setDebugMode(mode)

	




	
templateToRegex(template)

	






cdms2.cdscan module


	
addAttrs(fobj, eattrs)

	Add extra attributes to file/dataset fobj.
eattrs has the form [(varid,attr,value), (varid,attr,value), …]
where if varid is ‘’, set the global attribute.






	
cleanupAttrs(attrs)

	




	
cloneWithLatCheck(axis)

	Clone an axis, ensuring that latitudes (in degrees) are in the range [-90:90]






	
combineKeys(mydict, typedict, timeIsLinear=0, referenceDelta=None, forecast=None)

	Combine dictionary keys into an axis.
dict: (i,j) => (path, axisname)
typedict is either timedict or levdict or fcdict.
timeIsLinear is true iff time has a linear representation.
referenceDelta is only used for error checks if timeIsLinear is true.






	
compareVarDictValues(val1, val2)

	




	
compareaxes(axis1, axis2)

	Return 0 if equal, 1 if not






	
comparedomains(domain1, domain2)

	Return 0 if equal, 1 if not






	
copyDict(mydict)

	Copy a dictionary-like object dict to a true dictionary






	
disambig(name, mydict, num, comparator, value)

	Make an unique name from name, wrt to the keys in dictionary dict.
Try using num first. comparator(value,dict[name]) returns 0 if equal, 1 if not.






	
initialize_filemap(filemap, timedict, levdict, timeid, extendDset, splitOnTime, referenceTime, timeIsLinear, referenceDelta, splitOnLevel, dirlen, overrideCalendar)

	




	
main(argv)

	




	
setNodeDict(node, mydict)

	




	
timeindex(value, units, basetime, delta, calendar)

	Calculate (t - basetime)/delu
where t = reltime(value, units)
and delu is the time interval (delta, delunits) (e.g., 1 month).






	
timestamp()

	Generate a timestamp.






	
useKeys(mydict, typedict, timeIsLinear=0, referenceDelta=None, forecast=None)

	Use dictionary keys for an axis.  This is like combineKeys (same arguments, same return values,
was written by simplifying combineKeys), but this doesn’t do nearly so much because this is
for an axis where there is no splitting across files, hence partitions are not needed.
dict: (i,j) => (path, axisname)
typedict is either timedict or levdict or fcdict.
timeIsLinear is true iff time has a linear representation.
referenceDelta is only used for error checks if timeIsLinear is true.






	
validateAttrs(node)

	Compare attributes against DTD.








cdms2.cdurllib module

Customized URLopener


	
class CDURLopener(proxies=None)

	Bases: urllib.request.URLopener


	
open_ftp(url)

	




	
retrieve(url, filename=None, reporthook=None, blocksize=262144)

	




	
setUserObject(userObject)

	








	
sampleReportHook(blocknum, blocksize, size, userObj)

	






cdms2.cdurlparse module

Parse (absolute and relative) URLs.  See RFC 1808: “Relative Uniform
Resource Locators”, by R. Fielding, UC Irvine, June 1995.


	
clear_cache()

	Clear the parse cache.






	
test()

	




	
urldefrag(url)

	Removes any existing fragment from URL.


	Returns

	
	a tuple of the defragmented URL and the fragment.
	If the URL contained no fragments, the second element is the empty string.














	
urljoin(base, url, allow_fragments=1)

	




	
urlparse(url, scheme='', allow_fragments=1)

	




	
urlunparse(xxx_todo_changeme)

	






cdms2.cdxmllib module

A parser for XML, using the derived class as static DTD.


	
exception Error

	Bases: RuntimeError






	
class TestXMLParser(**kw)

	Bases: cdms2.cdxmllib.XMLParser


	
close()

	




	
flush()

	




	
handle_cdata(data)

	




	
handle_comment(data)

	




	
handle_data(data)

	




	
handle_doctype(tag, pubid, syslit, data)

	




	
handle_proc(name, data)

	




	
handle_xml(encoding, standalone)

	




	
syntax_error(message)

	




	
unknown_charref(ref)

	




	
unknown_endtag(tag)

	




	
unknown_entityref(ref)

	




	
unknown_starttag(tag, attrs)

	








	
class XMLParser(**kw)

	Bases: object


	
attributes = {}

	




	
close()

	




	
elements = {}

	




	
entitydefs = {'amp': '&#38;', 'apos': '&#39;', 'gt': '&#62;', 'lt': '&#60;', 'quot': '&#34;'}

	




	
feed(data)

	




	
finish_endtag(tag)

	




	
finish_starttag(tagname, attrdict, method)

	




	
getnamespace()

	




	
goahead(end)

	




	
handle_cdata(data)

	




	
handle_charref(name)

	




	
handle_comment(data)

	




	
handle_data(data)

	




	
handle_doctype(tag, pubid, syslit, data)

	




	
handle_endtag(tag, method)

	




	
handle_proc(name, data)

	




	
handle_starttag(tag, method, attrs)

	




	
handle_xml(encoding, standalone)

	




	
parse_attributes(tag, i, j)

	




	
parse_cdata(i)

	




	
parse_comment(i)

	




	
parse_doctype(res)

	




	
parse_endtag(i)

	




	
parse_proc(i)

	




	
parse_starttag(i)

	




	
reset()

	Reset this instance.  Loses all unprocessed data






	
setliteral(*args)

	




	
setnomoretags()

	




	
syntax_error(message)

	




	
translate_references(data, all=1)

	




	
unknown_charref(ref)

	




	
unknown_endtag(tag)

	




	
unknown_entityref(name)

	




	
unknown_starttag(tag, attrs)

	








	
test(args=None)

	






cdms2.convention module

metadata conventions


	
class AbstractConvention

	Bases: object


	
axisIsLatitude(axis)

	




	
axisIsLongitude(axis)

	




	
getAxisAuxIds(vardict, axiskeys)

	




	
getAxisIds(vardict)

	




	
getDsetnodeAuxAxisIds(dsetnode)

	




	
getVarLatId(var, vardict=None)

	




	
getVarLonId(var, vardict=None)

	








	
class AliasList(alist)

	Bases: collections.UserList


	
append(value)

	S.append(value) – append value to the end of the sequence










	
class CFConvention(version)

	Bases: cdms2.convention.COARDSConvention


	
axisIsLatitude(axis)

	




	
axisIsLongitude(axis)

	




	
current = 'CF-1.0'

	




	
getAxisAuxIds(vardict, axiskeys)

	Get Axis2D and AuxAxis1D IDs






	
getDsetnodeAuxAxisIds(dsetnode)

	Get auxiliary axis IDs from a dataset node






	
getVarLatId(var, vardict)

	




	
getVarLonId(var, vardict)

	




	
getVariableBounds(dset, var)

	Get the bounds variable for the variable, from a dataset or file.










	
class COARDSConvention(version=None)

	Bases: cdms2.convention.NUGConvention






	
class NUGConvention(version=None)

	Bases: cdms2.convention.AbstractConvention


	
getAxisAuxIds(vardict, axiskeys)

	




	
getAxisIds(vardict)

	Get 1-D coordinate axis IDs.










	
getDatasetConvention(dset)

	Return an appropriate convention object. dset is a file or dataset object








cdms2.dataset module

CDMS dataset and file objects


	
class CdmsFile(path, mode, hostObj=None, mpiBarrier=False)

	Bases: cdms2.cdmsobj.CdmsObj, cdms2.cudsinterface.cuDataset


	
close()

	




	
copyAxis(axis, newname=None, unlimited=0, index=None, extbounds=None)

	Copy axis description and data from another axis.


	Parameters

	
	axisaxis to copy (cdms2.axis.FileAxis/cdms2.axis.FileVirtualAxis)
	

	newname(None/str) new name for axis (default None)
	

	unlimited(int/True/False) unlimited dimension (default 0)
	

	index(int/None) (default None)
	

	extbounds(numpy.ndarray) new bounds to use bounds (default None)
	





	Returns

	
	copy of input axis (cdms2.axis.FileAxis/cdms2.axis.FileVirtualAxis)
	












	
copyGrid(grid, newname=None)

	Create an implicit rectilinear grid. lat, lon, and mask are objects. Order and type are strings.


	Parameters

	
	newname(str/None) new name for grid (default None)
	

	gridfile grid
	(cdms2.grid.FileRectGrid/cdms2.hgrid.FileCurveGrid/cdms2.gengrid.FileGenericGrid)







	Returns

	
	file grid
	

	(cdms2.grid.FileRectGrid/cdms2.hgrid.FileCurveGrid/cdms2.gengrid.FileGenericGrid)
	












	
createAxis(name, ar, unlimited=0)

	Create an axis.


	Parameters

	
	namestr is the string name of the Axis
	

	arnumpy.ndarray/None is the 1-D data array, or None for an unlimited axis
	

	unlimited(int/True/False) True/0 designate that the axis as unlimited.
	





	Returns

	
	an axis object (cdms2.axis.FileAxis).
	












	
createRectGrid(id, lat, lon, order, type='generic', mask=None)

	Create an implicit rectilinear grid. lat, lon, and mask are objects. order and type are strings.


	Parameters

	
	id(str) grid name (default 0)
	

	lat(numpy.ndarray) latitude array (default 1)
	

	lon(numpy.ndarray) longitude array (default 2)
	

	order(str) order (default 3)
	

	type(str) grid type (defalut generic)
	

	mask(None/numpy.ndarray) mask (default None)
	





	Returns

	
	grid (cdms2.grid.FileRectGrid)
	












	
createVariable(name, datatype, axesOrGrids, fill_value=None)

	Create a variable.


	Parameters

	
	nameThe string name of the Variable
	

	datatypeA CDMS datatype or numpy typecode
	

	axesOrGridsis a list of axes, grids.
	

	fill_valuefill_value (cast into data type).
	





	Returns

	
	Return a variable object (cdms2.fvariable.FileVariable.
	







Notes

This should be generalized to allow subintervals of axes and/or grids.






	
createVariableCopy(var, id=None, attributes=None, axes=None, extbounds=None, extend=0, fill_value=None, index=None, newname=None, grid=None)

	Define a new variable, with the same axes and attributes as in <var>.


	Parameters

	
	varvariable to copy (cdms2.tvariable.TransientVariable or cdms2.fvariable.FileVariable)
	

	attributesA dictionary of attributes. Default is var.attributes.
	

	axesThe list of axis objects. Default is var.getAxisList()
	

	extboundsBounds of the (portion of) the extended dimension being written.
	

	id or newnameString identifier of the new variable.
	

	extend :
	
	1 define the first dimension as the unlimited dimension.


	
	0 do not define an unlimited dimension. The default is the define
	the first dimension as unlimited only if it is a time dimension.











	fill_valueThe missing value flag.
	

	indexThe extended dimension index for writting. The default index is determined
	by lookup relative to the existing extended dimension.



	gridThe variable grid.  none the value of var.getGrid() will used.
	





	Returns

	
	file variable (cdms2.fvariable.FileVariable)
	












	
createVirtualAxis(name, axislen)

	Create an axis without any associated coordinate array. This
axis is read-only. This is useful for the ‘bound’ axis.


	Parameters

	
	nameis the string name of the axis.
	

	axislenis the integer length of the axis.
	





	Returns

	
	axisfile axis whose id is name (cdms2.axis.FileVirtualAxis)
	







Notes

For netCDF output, this just creates a dimension without
the associated coordinate array. On reads the axis will look like
an axis of type float with values [0.0, 1.0, …, float(axislen-1)].
On write attempts an exception is raised.






	
getAxis(id)

	Get the axis object with the given id. Returns None if not found.


	Parameters

	
	idid of the axis to get
	





	Returns

	
	file axis
	












	
getBoundsAxis(n, boundid=None)

	Get a bounds axis of length n. Create the bounds axis if necessary.


	Parameters

	
	nbound id (bound_%d)
	





	Returns

	
	bounds axis
	












	
getGrid(id)

	Get the grid object with the given id. Returns None if not found.


	Parameters

	
	idid of the grid to get
	





	Returns

	
	file axis
	












	
getVariable(id)

	Get the variable object with the given id. Returns None if not found.


	Parameters

	
	idstr id of the variable to get
	





	Returns

	
	variable  (cdms2.fvariable.FileVariable/None)
	

	file variable
	












	
getVariables(spatial=0)

	Get a list of variable objects.


	Parameters

	
	spatialIf spatial=1 or True, only return those axes defined on latitude
	or longitude, excluding weights and bounds







	Returns

	
	file variable.
	












	
matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None,
search all string attributes. If tag is not None, it must match the internal node tag.


	Parameters

	
	patternString expression.
	

	attributeAttribute Name. If None search all attributre.
	

	tagnode tag, if cdmsFile only match the current dataset otherwise match
	all object matching the tag.







	Returns

	
	list of match patterns.
	












	
searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all
string attributes.

If tag is not None, it must match the internal node tag.


	Parameters

	
	patternexpression pattern
	

	attributeattribute name
	

	tagnode tag
	





	Returns

	
	list of match pattern
	












	
searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicatefunction use as predicate
	

	tagnode tag.
	





	Returns

	
	List containing a single instance [self] if the predicate is true and either
	

	tag is None or matches the object node tag.
	

	Empty list If the predicate returns false.
	












	
sync()

	Syncs the file on disk.






	
write(var, attributes=None, axes=None, extbounds=None, id=None, extend=None, fill_value=None, index=None, typecode=None, dtype=None, pack=False)

	Write var to the file.


	Parameters

	
	varvariable to copy.
	

	attributesThe attribute dictionary for the variable. The default is var.attributes.
	

	axesThe list of file axes comprising the domain of the variable. The default is to
	copy var.getAxisList().



	extboundsThe extended dimension bounds. Defaults to var.getAxis(0).getBounds().
	

	idThe variable name in the file. Default is var.id.
	

	extend :
	
	1 causes the first dimension to be extensible iteratively writeable.
The default is None, in which case the first dimension is extensible if it is time.


	0 to turn off this behaviour.






	fill_valueis the missing value flag.
	

	indexThe extended dimension index to write to. The default index is determined b
	lookup relative to the existing extended dimension.



	dtypeThe numpy dtype.
	

	typecodeDeprecated, for backward compatibility only
	





	Returns

	
	File variable
	







Notes

If the variable is not yet defined in the file, a definition is created.
By default, the time dimension of the variable is defined as the
extended dimension of the file. The function returns the corresponding file variable.






	
write_it_yourself(obj)

	Tell obj to write itself to self (already open for writing), using its
writeg method (AbstractCurveGrid has such a method, for example).


	Parameters

	
	objobject containing writeg, writeToFile or write method.
	





	Returns

	
	Nothing is returned.
	







Notes

If writeg is not available, writeToFile will be used.
If writeToFile is also not available, then self.write(obj) will be called to try to write obj as
a variable.










	
class Dataset(uri, mode, datasetNode=None, parent=None, datapath=None)

	Bases: cdms2.cdmsobj.CdmsObj, cdms2.cudsinterface.cuDataset


	
close()

	




	
createAxis(name, ar)

	




	
createRectGrid(id, lat, lon, order, type='generic', mask=None)

	Create rectilinear grid.


	Parameters

	
	idstr
	Identifier for the grid.



	lat(cdms2.TransientAxis, cdms2.FileAxis)
	Latitude axis used to generate grid.



	lon(cdms2.TransientAxis, cdms2.FileAxis)
	Longitude axis used to generate grid.



	orderstr
	Order of axis e.g. “yx”



	mask(numpy.ndarray)
	Array containing mask.














	
createVariable(name, datatype, axisnames)

	




	
getAxis(id)

	Get the axis object with the given id.


	Returns

	
	None if not found.
	












	
getConvention()

	Get the metadata convention associated with this dataset or file.






	
getDictionary(tag)

	




	
getGrid(id)

	Get the grid object with the given id.


	Returns

	
	None if not found.
	












	
getLogicalCollectionDN(base=None)

	Return the logical collection distinguished name of this dataset.

Notes

If <base> is defined, append it to the lc name.






	
getPaths()

	




	
getVariable(id)

	Get the variable object with the given id.


	Returns

	
	None if not found.
	












	
getVariables(spatial=0)

	Get a list of variable objects. If spatial=1, only return those
axes defined on latitude or longitude, excluding weights and bounds.






	
matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)














	
openFile(filename, mode)

	




	
searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
	












	
searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list





















	
sync()

	








	
exception DuplicateAxisError

	Bases: cdms2.CDMSError






	
createDataset(path, template=None)

	Create a dataset.


	Parameters

	
	pathis the XML file name, or netCDF filename for simple file creation.
	

	templateis a string template for the datafile(s), for dataset creation.
	





	Returns

	
	writing file handle.
	












	
getMpiRank()

	Return number of processor available.


	Returns

	
	rank or 0 if MPI is not enabled.
	












	
getMpiSize()

	Return MPI size.


	Returns

	
	MPI size or 0 if MPI is not enabled.
	












	
getNetcdf4Flag()

	Get Net CD 4 Flag
Returns
——-
NetCDF4 flag value.






	
getNetcdfClassicFlag()

	Get Net CDF Classic Flag


	Returns

	
	NetCDF classic flag value.
	












	
getNetcdfDeflateFlag()

	Get Net CDF Deflate Flag


	Returns

	
	NetCDF deflate flag value.
	












	
getNetcdfDeflateLevelFlag()

	Get Net CDF Deflate Level Flag


	Returns

	
	NetCDF deflate level flag value.
	












	
getNetcdfShuffleFlag()

	Get Net CDF Shuffle Flag


	Returns

	
	NetCDF shuffle flag value.
	












	
getNetcdfUseNCSwitchModeFlag()

	Get current netCDF define mode.


	Returns

	
	NetCDF define mode .
	












	
getNetcdfUseParallelFlag()

	Get NetCDF UseParallel flag value.


	Parameters

	
	value0/1, False/True
	





	Returns

	
	No return value.
	












	
load(path)

	




	
loadURI(uri)

	




	
openDataset(uri, mode='r', template=None, dods=1, dpath=None, hostObj=None)

	Open Dataset


	Parameters

	
	uristr
	Filename to open.



	modestr
	Mode to open file with.
‘r’: Read (default)
‘w’: Write
‘a’: Append



	templatestr
	Template for the datafile(s) used for dataset creation.



	dodsint
	Opens remote/local files when set to 1 or attempts to open local when set 0.



	dpathstr
	Destination path.







	Returns

	
	cdms2.CdmsFile
	Opened handle to file.














	
parseFileMap(text)

	Parse a CDMS filemap.


	Parameters

	
	filemaplist [ varmap, varmap, …]
	

	varmaplist [ namelist, slicelist ]
	

	namelistlist [name, name, …]
	

	slicelistlist [indexlist, indexlist, ,,,]
	

	indexlistlist [i,j,k,l,path]
	





	Returns

	
	Parsing results.
	












	
parseIndexList(text)

	Parse a string of the form [i,j,k,l,…,path].


	Parameters

	
	texti,j,k,l,… are indices or ‘-‘, and path is a filename. Coerce the indices to integers.
	





	Returns

	
	Parser results.
	

	n number of matches.
	












	
parseName(text)

	




	
parseVarMap(text)

	Parse a string of the form [ namelist, slicelist ]






	
parselist(text, f)

	Parse a string of the form [A, A, …].


	Parameters

	
	textInput String.
	

	ffunction which parses A and returns (A, nconsumed).
	





	Returns

	
	Parser results.
	

	n number of matches.
	












	
setCompressionWarnings(value=None)

	Turn on/off the warnings for compression.


	Parameters

	
	value*  0/1 False/True ‘no’/’yes’ or None (which sets it to the opposite
	





	Returns

	
	Return set value.
	












	
setNetcdf4Flag(value)

	Enable netCDF4 (HDF5) mode in libnetcdf.


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
	












	
setNetcdfClassicFlag(value)

	Enable netCDF3 (classic) mode in libnetcdf.


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
	












	
setNetcdfDeflateFlag(value)

	Enable/Disable NetCDF deflattion.


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
	












	
setNetcdfDeflateLevelFlag(value)

	Sets NetCDF deflate level flag value


	Parameters

	
	valueDeflation Level 1-9.
	





	Returns

	
	No return value.
	












	
setNetcdfShuffleFlag(value)

	Enable/Disable NetCDF shuffle.


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
	












	
setNetcdfUseNCSwitchModeFlag(value)

	Tells cdms2 to switch constantly between netcdf define/write modes.


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
	












	
setNetcdfUseParallelFlag(value)

	Enable/Disable NetCDF MPI I/O (Paralllelism).


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
	












	
useNetcdf3()

	Turns off (0) NetCDF flags for shuffle/cuDa/deflatelevel
Output files are generated as NetCDF3 Classic after that


	Returns

	
	No return value.
	














cdms2.error module

Error object for cdms module




cdms2.forecast module

CDMS Forecast


	
available_forecasts(dataset_file, path='.')

	Available Forecasts


	Returns

	
	a list of forecasts (as their generating times) which are available
	through the specified cdscan-generated dataset xml file.



	Note
	The forecasts are given in 64-bit integer format, but can be converted
to component times with the function two_times_from_one.
This function may help in choosing the right arguments for initializing
a “forecasts” (forecast set) object.














	
comptime(t)

	Comptime


	Parameters

	
	Inputis a time representation, either as the long int used in the cdscan
	script, or a string in the format “2010-08-25 15:26:00”, or as a cdtime comptime
(component time) object.



	Outputis the same time a cdtime.comptime (component time).
	












	
class forecast(tau0time, dataset_list, path='.')

	Bases: object

represents a forecast starting at a single time


	Parameters

	
	tau0timeis the first time of the forecast, i.e. the time at which tau=0.
	

	dataset_listis used to get the forecast file from the forecast time.
	







Notes

N.B.  This is like a CdmsFile.  Creating a forecast means opening a file,
so later on you should call forecast.close() to close it.


	
close()

	close file.










	
class forecasts(dataset_file, forecast_times, path='.')

	Bases: object

Represents a set of forecasts


	
close()

	




	
forecast_axis(varname, fcss=None)

	Forecast Axis


	Returns

	
	a tuple (axis,start,length,true_length) where axis is in the forecast direction.
	







Notes

If a list of forecasts be specified, the axis’ data will be limited to them.






	
forecast_times_to_list(forecast_times)

	For internal list, translates a “forecast_times” argument of __init__ or
other methods, into a list of times.






	
reduce_inplace(min_time, max_time, openclosed='co')

	Reduce Inplace

Example

For a forecasts object f, f( min_time, max_time ) will reduce the
scope of f, to forecasts whose start time t has min_time<=t<max_time.
This is done in place, i.e. any other forecasts in f will be discarded.
If slice notation were possible for forecasts (it’s not because we need
too many bits to represent time), this function would do the same as
f = f[min_time : max_time ]

The optional openclosed argument lets you specify the treatment of
the endpoints min_time, max_time.  The first character should be ‘c’ if you want
to include min_time in the new scope of f, or ‘o’ to exclude it.  Similarly,
the second character should be ‘c’ to include max_time or ‘o’ to exclude it.  Thus
‘co’ yields the default min_time<=t<max_time and ‘oo’ yields min_time<t<max_time.

If you don’t want to change the original “forecasts” object, just do
copy.copy(forecasts) first.

Times can be the usual long integers, strings, or cdtime component times.






	
time_interval_to_list(tlo, thi, openclosed='co')

	For internal use, translates a time interval to a list of times.










	
two_times_from_one(t)

	Two Times from One


	Parameters

	
	Inputis a time representation, either as the long int used in the
	cdscan script, or a string in the format “2010-08-25 15:26:00”, or
as a cdtime comptime (component time) object.



	Outputis the same time, both as a long _and_ as a comptime.
	














cdms2.fvariable module

CDMS File-based variables.


	
class FileVariable(parent, varname, cdunifobj=None)

	Bases: cdms2.variable.DatasetVariable

A variable in a single file.


	
assignValue(data)

	




	
expertSlice(initslicelist)

	




	
getValue(squeeze=1)

	Return the entire set of values.






	
initDomain(axisdict)

	Initialized the domain






	
property shape

	




	
typecode()

	convert to new typecode.












cdms2.gengrid module

CDMS Generic Grids


	
class AbstractGenericGrid(latAxis, lonAxis, id=None, maskvar=None, tempmask=None, node=None)

	Bases: cdms2.hgrid.AbstractHorizontalGrid


	
checkAxes(axes)

	Check Axes


	Returns

	
	1 iff every element of self.getAxisList() is in the list ‘axes’.
	












	
clone(copyData=1)

	Make a copy of self.






	
flatAxes()

	
Flat Axes





	Returns

	
	(flatlat, flatlon) where flatlat is a 1D NumPy array
	







Notes

having the same length as the number of cells in the grid, similarly
for flatlon.






	
genBounds()

	Not documented






	
getAxis(naxis)

	Not documented






	
getAxisList()

	Not documented






	
getGridSlices(domainlist, newaxislist, slicelist)

	Determine which slices in slicelist correspond to the lat/lon elements
of the grid.

domainlist : is a list of axes of a variable.

newaxislist : is a list of result axes after the slicelist is applied to domainlist.

slicelist : is a list of slices.

All lists are of equal length.

Return value : is (newslicelist, gridaxislist) where


	newslicelistis the elements of slicelist that correspond to the grid, in the
	preferred order of the grid.



	gridaxislistis the elements of newaxislist that correspond to the grid, in the
	preferred order of the grid.










	
getIndex()

	Get the grid index






	
getMask()

	Get the mask array, if any, otherwise None is returned.






	
getMesh(transpose=None)

	Generate a mesh array for the meshfill graphics method.


	Parameters

	
	‘transpose’is for compatibility with other grid types, is ignored.
	












	
intersect(spec)

	Intersect with the region specification.


	Parameters

	
	‘spec’region specification of the form defined in the grid module.
	





	Returns

	
	(mask, indexspecs) where’mask’ is the mask of the result grid AFTER self
	and region spec are interested.
‘indexspecs’ is a dictionary of index specifications suitable for slicing a
variable with the given grid.














	
isClose(g)

	Is Close


	Returns

	
	1 iff g is a grid of the same type and shape.
	







Notes

A real element-by-element comparison would be too expensive here.






	
reconcile(axes)

	Reconcile


	Returns

	
	a grid that is consistent with the axes, or None.
	







Notes

For curvilinear grids this means that the grid-related axes are
contained in the ‘axes’ list.






	
property shape

	




	
size()

	Return number of cells in the grid






	
subSlice(*specs, **keys)

	Get a transient subgrid based on an argument list <specs> of slices.






	
toGenericGrid(gridid=None)

	




	
writeScrip(cufile, gridTitle=None)

	Write a grid to a SCRIP file.


	Parameters

	
	cufileis a Cdunif file, NOT a CDMS file.
	

	gridtitleis a string identifying the grid.
	












	
writeToFile(file)

	Write self to a CdmsFile file, returning CF coordinates attribute, or None if not applicable










	
class DatasetGenericGrid(latAxis, lonAxis, id, parent=None, maskvar=None, tempmask=None, node=None)

	Bases: cdms2.gengrid.AbstractGenericGrid






	
class FileGenericGrid(latAxis, lonAxis, id, parent=None, maskvar=None, tempmask=None, node=None)

	Bases: cdms2.gengrid.AbstractGenericGrid






	
class TransientGenericGrid(latAxis, lonAxis, id=None, maskvar=None, tempmask=None)

	Bases: cdms2.gengrid.AbstractGenericGrid


	
grid_count = 0

	




	
toGenericGrid(gridid=None)

	








	
readScripGenericGrid(fileobj, dims, whichType, whichGrid)

	Read a ‘native’ SCRIP grid file, returning a transient generic grid.


	Parameters

	
	fileobjis an open CDMS dataset or file object.
	

	dimsis the grid shape.
	

	whichTypeis the type of file, either “grid” or “mapping”
	







Notes

if whichType is “mapping”, whichGrid is the choice of grid, either “source” or “destination”








cdms2.git module




cdms2.grid module

CDMS Grid objects


	
class AbstractGrid(node)

	Bases: cdms2.cdmsobj.CdmsObj


	
checkAxes(axes)

	Check Axes


	Returns

	
	1 iff self.getAxisList and axes are consistent.
	












	
clone(copyData=1)

	Make a copy of self.






	
flatAxes()

	Flat Axes


	Returns

	
	(flatlat, flatlon) where flatlat is a raveled NumPy array
	having the same length as the number of cells in the grid, similarly
for flatlon.














	
getAxisList()

	Not documented






	
hasCoordType(coordType)

	Has CoordType


	Returns

	
	1 iff self has the coordinate type.
	












	
info(flag=None, device=None)

	Write info about slab; include dimension values and weights if flag






	
isClose(g)

	Is Close


	Returns

	
	1 if g is ‘close enough’ to self to be considered equal, 0 if not.
	












	
listall(all=None)

	




	
reconcile(axes)

	Reconcile


	Returns

	
	a grid that is consistent with the axes, or None.
	












	
size()

	Return number of cells in the grid






	
subSlice(*specs, **keys)

	Get a subgrid based on an argument list <specs> of slices.






	
writeScrip(cdunifFile)

	Write a grid to a SCRIP file






	
writeToFile(file)

	Write self to a CdmsFile file, returning CF coordinates attribute, or None if not applicable










	
class AbstractRectGrid(node)

	Bases: cdms2.grid.AbstractGrid

Abstract Rect Grid


	Parameters

	
	AbstractRectGriddefines the interface for rectilinear grids
	

	gridswhich can be decomposed into 1-D latitude and longitude axes
	








	
classify()

	Not documented






	
classifyInFamily(gridlist)

	Not documented






	
flatAxes()

	Flat Axes


	Returns

	
	flatlat, flatlon) where flatlat is a 1D NumPy array having the same
	

	length as the number of cells in the grid, similarly for flatlon.
	












	
genBounds()

	Not documented






	
getAxis(naxis)

	Not documented






	
getBounds()

	Not documented






	
getLatitude()

	Not documented






	
getLongitude()

	Not documented






	
getMask()

	Not documented






	
getMesh()

	Generate a mesh array for the meshfill graphics method.






	
getOrder()

	Not documented






	
getType()

	Not documented






	
getWeights()

	Not documented






	
gridtypes = ['gaussian', 'uniform', 'equalarea', 'generic']

	




	
listall(all=None)

	




	
setMask(mask, permanent=0)

	Not documented






	
setType(gridtype)

	Not documented






	
property shape

	




	
size()

	Return number of cells in the grid






	
subGrid(latinterval, loninterval)

	Not documented






	
subGridRegion(latRegion, lonRegion)

	Not documented






	
toCurveGrid(gridid=None)

	Convert to a curvilinear grid.


	Parameters

	
	grididis the string identifier of the resulting curvilinear grid object.
	












	
toGenericGrid(gridid=None)

	Not documented






	
transpose()

	Not documented






	
writeScrip(cufile, gridTitle=None)

	Write a grid to a SCRIP file.


	Parameters

	
	cufileis a Cdunif file, NOT a CDMS file.
	

	gridtitleis a string identifying the grid.
	












	
writeToFile(file)

	Not documented










	
class FileRectGrid(parent, gridname, latobj, lonobj, order, gridtype, maskobj=None, tempMask=None)

	Bases: cdms2.grid.AbstractRectGrid


	
getMask()

	Not documented






	
getMaskVar()

	Not documented






	
setBounds(latBounds, lonBounds, persistent=0)

	Not documented






	
setMask(mask, persistent=0)

	Not documented










	
class RectGrid(parent, rectgridNode=None)

	Bases: cdms2.grid.AbstractRectGrid


	
getMask()

	Not documented






	
getMaskVar()

	Not documented






	
initDomain(axisdict, vardict)

	Not documented










	
class TransientRectGrid(latobj, lonobj, order, gridtype, maskarray=None)

	Bases: cdms2.grid.AbstractRectGrid

Grids that live in memory only.


	
getMask()

	Not documented






	
setBounds(latBounds, lonBounds)

	Not documented






	
setMask(mask, persistent=0)

	Not documented










	
createGaussianGrid(nlats, xorigin=0.0, order='yx')

	Create a Gaussian grid, with shape (nlats, 2*nlats).


	Parameters

	
	nlatsis the number of latitudes.
	

	xoriginis the origin of the longitude axis
	

	orderis either “yx” or “xy”
	












	
createGenericGrid(latArray, lonArray, latBounds=None, lonBounds=None, order='yx', mask=None)

	Not documented






	
createGlobalMeanGrid(grid)

	Not documented






	
createRectGrid(lat, lon, order='yx', type='generic', mask=None)

	Not documented






	
createUniformGrid(startLat, nlat, deltaLat, startLon, nlon, deltaLon, order='yx', mask=None)

	Not documented






	
createZonalGrid(grid)

	Not documented






	
defaultRegion()

	Default Region


	Returns

	
	a specification for a default (full) region.
	












	
isGrid(grid)

	Is grid a grid?


	Parameters

	
	grid-cdms2contruct to be examined
	












	
setClassifyGrids(mode)

	Not documented






	
setRegionSpecs(grid, coordSpec, coordType, resultSpec)

	Modify a list of coordinate specifications, given a coordinate type and
a specification for that coordinate.


	Parameters

	
	gridis the grid object to be associated with the region.
	

	coordSpecis a coordinate specification, having one of the forms:
	
x




(x,y)

(x,y,’co’)

(x,y,’co’,cycle)

‘:’
None



	coordTypeis one of CoordinateTypes
	

	resultSpecis a list of 4-tuples of the form (x,y,’co’,cycle), or None
	if no spec for the corresponding dimension type.
The function sets the appropriate coordinate in resultSpec,
in the canonical form (x,y,’co’,cycle). A CDMSError exception
is raised if the entry in resultSpec is not None.









Notes

That time coordinate types are not permitted.






	
writeScripGrid(path, grid, gridTitle=None)

	Write a grid to a SCRIP grid file.


	Parameters

	
	pathis the path of the SCRIP file to be created.
	

	gridis a CDMS grid object.
	

	gridTitleis a string ID for the grid.
	














cdms2.tvariable module

TransientVariable (created by createVariable)
is a child of both AbstractVariable and the masked array class.
Contains also the write part of the old cu interface.


	
class TransientVariable(data, typecode=None, copy=0, savespace=0, mask=False, fill_value=None, grid=None, axes=None, attributes=None, id=None, copyaxes=1, dtype=None, order='C', **kargs)

	Bases: cdms2.avariable.AbstractVariable, numpy.ma.core.MaskedArray

Variable in-memory.

To enabled automatic bounds generation see setAutoBounds.


	Parameters

	
	datanumpy.ndarray
	NDArray containing variable data.



	typecode(float, int, np.dtype)
	Sets the dtype of the underlying masked array.



	copyint
	0: Stores reference of data.
1: Stores copy of data.



	savespaceint
	Deprecated.



	masknumpy.ndarray
	Mask passed to the underlying masked array.



	fill_valuefloat
	Sets the value to use when data is missing.



	grid
	Sets the grid of the variable.



	axeslist of (cdms2.TransientAxis, cdms2.FileAxis)
	Sets the list of axes associated with the variable.



	attributesdict
	Mapping of attribute names and values.



	idstr
	Identifier for the variable.



	copyaxesint
	0: Stores reference to axes.
1: Stores copies of axes.



	dtype(float, int, np.dtype)
	Sets the dtype of the underlying masked array.



	orderstr
	Sets the order for the underlying masked array (`Masked Array`_).



	no_update_frombool
	If False and axes is None, then axes will be generated from data.
If False and grid is None, then an attempt to get a grid from the data will be made.
Set to True will prevent the above behavior.



	**kargs
	Unused.



	.. _Masked Array:
	https://numpy.org/doc/stable/reference/generated/numpy.ma.array.html










	
ascontiguous()

	




	
ascontiguousarray()

	




	
asma()

	Convert a Transient Variable into a numpy masked array.






	
assignValue(data)

	




	
astype(tc)

	return self as array of given type.






	
clone(copyData=1)

	Clone


	Parameters

	
	clone(self, copyData=1)
	





	Returns

	
	a copy of self as a transient variable.
	

	If copyData is 1 (default), make a separate copy of the data.
	












	
copy(order='C')

	Return a copy of the array.


	Parameters

	
	order{‘C’, ‘F’, ‘A’, ‘K’}, optional
	Controls the memory layout of the copy. ‘C’ means C-order,
‘F’ means F-order, ‘A’ means ‘F’ if a is Fortran contiguous,
‘C’ otherwise. ‘K’ means match the layout of a as closely
as possible. (Note that this function and numpy.copy() are very
similar, but have different default values for their order=
arguments.)










See also


	numpy.copy
	

	numpy.copyto
	





Examples

>>> x = np.array([[1,2,3],[4,5,6]], order='F')





>>> y = x.copy()





>>> x.fill(0)





>>> x
array([[0, 0, 0],
       [0, 0, 0]])





>>> y
array([[1, 2, 3],
       [4, 5, 6]])





>>> y.flags['C_CONTIGUOUS']
True










	
copyAxis(n, axis)

	Set n axis of self to a copy of axis. (0-based index)
Invalidates grid.






	
copyDomain(other)

	Set the axes and grid by copying variable other.






	
copydimension(idim, other, jdim)

	Set idim dimension of self to variable other’s jdim’th
This is for old cu compatibility. Use copyAxis for new code.






	
dumps(*args, **kargs)

	Dumps Variable to a jason object, args are passed directly to json.dump






	
expertSlice(slicelist)

	




	
exposeHalo(ghostWidth=1)

	Expose the halo to other processors. The halo is the region
within the local MPI data domain that is accessible to other
processors. The halo encompasses the edge of the data region
and has thickness ghostWidth.

ghostWidth - width of the halo region (> 0)






	
fetchHaloData(pe, side)

	Fetch the halo data from another processor. The halo side is a subdomain of the halo that
is exposed to other processors. It is an error to call this method when MPI is not enabled.
This is a collective method (must be called by all processes), which involves synchronization
of data among all processors.


	Parameters

	
	pe:
	
processor owning the halo data. This is a no operation when pe is None.





	side:
	a tuple of zeros and one +1 or -1.  To access the “north” side for instance,
set side=(1, 0), (-1, 0) to access the south side, (0, 1) the east side, etc.







	Note: collective, all procs must invoke this method. If some processors should not fetch then pass None for pe.
	












	
property fill_value

	The filling value of the masked array is a scalar. When setting, None
will set to a default based on the data type.

Examples

>>> for dt in [np.int32, np.int64, np.float64, np.complex128]:
...     np.ma.array([0, 1], dtype=dt).get_fill_value()
...
999999
999999
1e+20
(1e+20+0j)





>>> x = np.ma.array([0, 1.], fill_value=-np.inf)
>>> x.fill_value
-inf
>>> x.fill_value = np.pi
>>> x.fill_value
3.1415926535897931 # may vary





Reset to default:

>>> x.fill_value = None
>>> x.fill_value
1e+20










	
freeHalo()

	Free the MPI windows attached to the halo. This must be
called before MPI_Finalize.






	
getAxis(n)

	Get the n-th axis.


	Parameters

	
	nAxis number
	





	Returns

	
	if n < 0: n = n + self.rank()
	

	self.getDomain()[n][0]
	












	
getDomain()

	Get the list of axes






	
getGrid()

	




	
getHaloEllipsis(side)

	Get the ellipsis for a given halo side.


	Parameters

	
	side:
	
a tuple of zeros and one +1 or -1.  To access the “north” side for instance, set side=(1, 0),
(-1, 0) to access the south side, (0, 1) the east side, etc. This does not involve any communication.




_:None







	Returns

	
	none if halo was not exposed (see exposeHalo)
	












	
getMPIRank()

	Return the MPI rank






	
getMPISize()

	Return the MPI communicator size






	
getTileIndex()

	Get the tile index (for mosaics)






	
getValue(squeeze=1)

	Get the entire set of values.


	Returns

	
	All values and elimite the 1-D dimension.
	












	
initDomain(axes, copyaxes=1)

	




	
isEncoded()

	Transient variables are not encoded






	
iscontiguous()

	Return a boolean indicating whether the data is contiguous.


	Parameters

	
	None
	







Examples

>>> x = np.ma.array([1, 2, 3])
>>> x.iscontiguous()
True





iscontiguous returns one of the flags of the masked array:

>>> x.flags
  C_CONTIGUOUS : True
  F_CONTIGUOUS : True
  OWNDATA : False
  WRITEABLE : True
  ALIGNED : True
  WRITEBACKIFCOPY : False
  UPDATEIFCOPY : False










	
property missing

	




	
property missing_value

	




	
setAxis(n, axis, savegrid=0)

	Set n axis of self to a copy of axis. (0-based index)






	
setAxisList(axislist)

	Set the axes to axislist.






	
setMPIComm(comm)

	Set the MPI communicator. This is a no-op if MPI
is not available.






	
setMaskFromGridMask(mask, gridindices)

	Set the mask for self, given a grid mask and the variable domain
indices corresponding to the grid dimensions.






	
setMissing(value)

	Set missing value attribute and fill value






	
setTileIndex(index)

	Set the tile index (for mosaics)
index: tile index






	
set_fill_value(value)

	Set missing value attribute and fill value






	
setdimattribute(dim, field, value)

	Set the attribute named field from the dim’th dimension.






	
property shape

	Tuple of array dimensions.

The shape property is usually used to get the current shape of an array,
but may also be used to reshape the array in-place by assigning a tuple of
array dimensions to it.  As with numpy.reshape, one of the new shape
dimensions can be -1, in which case its value is inferred from the size of
the array and the remaining dimensions. Reshaping an array in-place will
fail if a copy is required.


See also


	numpy.reshape
	similar function



	ndarray.reshape
	similar method







Examples

>>> x = np.array([1, 2, 3, 4])
>>> x.shape
(4,)
>>> y = np.zeros((2, 3, 4))
>>> y.shape
(2, 3, 4)
>>> y.shape = (3, 8)
>>> y
array([[ 0.,  0.,  0.,  0.,  0.,  0.,  0.,  0.],
       [ 0.,  0.,  0.,  0.,  0.,  0.,  0.,  0.],
       [ 0.,  0.,  0.,  0.,  0.,  0.,  0.,  0.]])
>>> y.shape = (3, 6)
Traceback (most recent call last):
  File "<stdin>", line 1, in <module>
ValueError: total size of new array must be unchanged
>>> np.zeros((4,2))[::2].shape = (-1,)
Traceback (most recent call last):
  File "<stdin>", line 1, in <module>
AttributeError: Incompatible shape for in-place modification. Use
`.reshape()` to make a copy with the desired shape.










	
squeeze(axis=None)

	Remove single-dimensional entries from the shape of a.

Refer to numpy.squeeze for full documentation.


See also


	numpy.squeeze
	equivalent function












	
toVisit(filename, format='Vs', sphereRadius=1.0, maxElev=0.1)

	Save data to file for postprocessing by the VisIt visualization tool
filename: name of the file where the data will be saved
format: ‘Vs’ for VizSchema, ‘VTK’ for VTK, …
sphereRadius: radius of the earth
maxElev: maximum elevation for representation on the sphere






	
to_dataframe()

	Convert a TransientVariable into a pandas.DataFrame.

Transient variable the column of the DataFrame.
The DataFrame is be indexed by the cartesian product of
this Transient variable dimensions






	
typecode()

	




	
variable_count = 0

	








	
asVariable(s, writeable=1)

	As Variable


	Returns

	
	s if s is a Variable; if writeable is 1,
	

	return s if s is a TransientVariable.
	

	If s is not a variable of
	

	the desired type, attempt to make it so and return that.
	

	If we fail raise CDMSError
	












	
convertJSON(jsn)

	Extract Data axes and attributes from JSON string






	
createVariable(*args, **kargs)

	Creates variable in-memory.

To enabled automatic bounds generation see setAutoBounds.


	Parameters

	
	datanumpy.ndarray
	NDArray containing variable data.



	typecode(float, int, np.dtype)
	Sets the dtype of the underlying masked array.



	copyint
	0: Stores reference of data.
1: Stores copy of data.



	savespaceint
	Deprecated.



	masknumpy.ndarray
	Mask passed to the underlying masked array.



	fill_valuefloat
	Sets the value to use when data is missing.



	grid
	Sets the grid of the variable.



	axeslist of (cdms2.TransientAxis, cdms2.FileAxis)
	Sets the list of axes associated with the variable.



	attributesdict
	Mapping of attribute names and values.



	idstr
	Identifier for the variable.



	copyaxesint
	0: Stores reference to axes.
1: Stores copies of axes.



	dtype(float, int, np.dtype)
	Sets the dtype of the underlying masked array.



	orderstr
	Sets the order for the underlying masked array (`Masked Array`_).



	no_update_frombool
	If False and axes is None, then axes will be generated from data.
If False and grid is None, then an attempt to get a grid from the data will be made.
Set to True will prevent the above behavior.



	*args
	Url to JSON file if fromJSON is in kwargs.



	**kargs
	
	
	fromJSONbool
	Load variable from JSON.











	.. _Masked Array:
	https://numpy.org/doc/stable/reference/generated/numpy.ma.array.html









Examples

>>> v1 = createVariable(np.random.random(size=(200,200)), typecode=float, fill_value=123)





>>> v2 = createVariable('data.json', fromJSON=True)










	
fromJSON(jsn)

	Recreate a TV from a dumped jsn object from dumps()






	
isVariable(s)

	Is s a variable?








cdms2.variable module

DatasetVariable: Dataset-based variables


	
class DatasetVariable(parent, id, variableNode=None)

	Bases: cdms2.avariable.AbstractVariable

Variable (parent, variableNode=None)


	Parameters

	
	variableNodeis the variable tree node, if any.
	

	parentis the containing dataset instance.
	








	
property dtype

	




	
expertPaths(slist)

	Expert Paths


	Parameters

	
	expertPaths(self, slicelist) takes a list of slices
	





	Returns

	
	a 3-tuple (npart, dimensionlist, partitionSlices)
	

	Where
	

	npartis the number of partitioned dimensions: 0, 1, or 2;
	

	dimensionlistis a tuple of length npart, having the dimension numbers of the partitioned dimensions;
	

	partitionSlicesis the list of file-specific (filename, slice) corresponding
	

	to the paths and slices within the files to be read.
	

	The exact form of partitionSlices depends on the value of npart
	

	npartpartitionSlices
	

	0(filename,slicelist)
	

	1[(filename,slicelist),…,(filename,slicelist)]
	

	2[[(filename,slicelist),…,(filename,slicelist)]
	[(filename,slicelist),…,(filename,slicelist)]
[(filename,slicelist),…,(filename,slicelist)]]









Notes


	A filename of None indicates that no file was found with data corresponding to the slicelist.


	If partitionSlices is None, the slicelist does not intersect the domain.


	An empty partitionSlices [] means that the variable is zero-dimensional.









	
expertSlice(initslist)

	




	
genMatch(axis, interval, matchnames)

	Helper function for expertPaths.


	Parameters

	
	axisis a partitioned axis, either time or vertical level or forecast.
	

	intervalis an index interval (istart, iend).
	

	matchnamesis a partially filled list [id, timestart, timeend, levstart, levend, fc] If a filemap
	is used, matchnames has indices, otherwise has coordinates.



	Functionmodifies matchnames based on axis and interval, returns the modified matchnames tuple.
	












	
getAxis(n)

	Get the n-th axis.


	Parameters

	
	nAxis number
	





	Returns

	
	if n < 0: n = n + self.rank()
	

	self.getDomain()[n][0]
	












	
getDomain()

	Get the list of axes






	
getFilePath(matchnames, template)

	Lookup or generate the file path, depending on whether a filemap
or template is present.






	
getPartition(axis)

	Get the partition attribute for this variable, axis.


	Parameters

	
	axisis either a time or level axis. If cdms_filemap is being used, get the
	partition from the _varpart_ attribute, otherwise (for templating) use
axis.partition.














	
getPaths(*specs, **keys)

	




	
getShape()

	




	
getTemplate()

	




	
getValue(squeeze=1)

	Return the entire set of values.






	
initDomain(axisdict, griddict)

	Must be called by whoever made this Variable to set up axes, grids.






	
property shape

	




	
size()

	Number of elements.






	
typecode()

	








	
timeindex(value, units, basetime, delta, delunits, calendar)

	Calculate (t - basetime)/delu


	Parameters

	
	where t= reltime(value, units) and
	

	deluis the time interval (delta, delunits) (e.g., 1 month).
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addAttrs(fobj, eattrs)[source]

	Add extra attributes to file/dataset fobj.
eattrs has the form [(varid,attr,value), (varid,attr,value), …]
where if varid is ‘’, set the global attribute.






	
cloneWithLatCheck(axis)[source]

	Clone an axis, ensuring that latitudes (in degrees) are in the range [-90:90]






	
combineKeys(mydict, typedict, timeIsLinear=0, referenceDelta=None, forecast=None)[source]

	Combine dictionary keys into an axis.
dict: (i,j) => (path, axisname)
typedict is either timedict or levdict or fcdict.
timeIsLinear is true iff time has a linear representation.
referenceDelta is only used for error checks if timeIsLinear is true.






	
compareaxes(axis1, axis2)[source]

	Return 0 if equal, 1 if not






	
comparedomains(domain1, domain2)[source]

	Return 0 if equal, 1 if not






	
copyDict(mydict)[source]

	Copy a dictionary-like object dict to a true dictionary






	
disambig(name, mydict, num, comparator, value)[source]

	Make an unique name from name, wrt to the keys in dictionary dict.
Try using num first. comparator(value,dict[name]) returns 0 if equal, 1 if not.






	
timeindex(value, units, basetime, delta, calendar)[source]

	Calculate (t - basetime)/delu
where t = reltime(value, units)
and delu is the time interval (delta, delunits) (e.g., 1 month).






	
timestamp()[source]

	Generate a timestamp.






	
useKeys(mydict, typedict, timeIsLinear=0, referenceDelta=None, forecast=None)[source]

	Use dictionary keys for an axis.  This is like combineKeys (same arguments, same return values,
was written by simplifying combineKeys), but this doesn’t do nearly so much because this is
for an axis where there is no splitting across files, hence partitions are not needed.
dict: (i,j) => (path, axisname)
typedict is either timedict or levdict or fcdict.
timeIsLinear is true iff time has a linear representation.
referenceDelta is only used for error checks if timeIsLinear is true.






	
validateAttrs(node)[source]

	Compare attributes against DTD.
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	CDURLopener.addheader(*args)

	Add a header to be used by the HTTP interface only e.g.



	CDURLopener.http_error_default(url, fp, …)

	Default error handler: close the connection and raise OSError.



	CDURLopener.http_error(url, fp, errcode, …)

	Handle http errors.



	CDURLopener.open_data(url[, data])

	Use “data” URL.



	CDURLopener.open_file(url)

	Use local file or FTP depending on form of URL.



	CDURLopener._open_generic_http(…)

	Make an HTTP connection using connection_class.



	CDURLopener.open_http(url[, data])

	Use HTTP protocol.



	CDURLopener.open_https(url[, data])

	Use HTTPS protocol.



	CDURLopener.open_local_file(url)

	Use local file.



	CDURLopener.open(fullurl[, data])

	Use URLopener().open(file) instead of open(file, ‘r’).



	CDURLopener.open_unknown_proxy(proxy, fullurl)

	Overridable interface to open unknown URL type.



	CDURLopener.open_unknown(fullurl[, data])

	Overridable interface to open unknown URL type.
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	clear_cache()

	Clear the parse cache.



	urlparse(url[, scheme, allow_fragments])

	



	urlunparse(xxx_todo_changeme)

	



	urljoin(base, url[, allow_fragments])

	



	urldefrag(url)

	Removes any existing fragment from URL.



	test()
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	AliasList(alist)

	



	AliasList.append(value)

	S.append(value) – append value to the end of the sequence



	AbstractConvention()

	



	AbstractConvention.getAxisAuxIds(vardict, …)

	



	AbstractConvention.getDsetnodeAuxAxisIds(…)

	



	AbstractConvention.axisIsLatitude(axis)

	



	AbstractConvention.axisIsLongitude(axis)

	



	AbstractConvention.getVarLatId(var[, vardict])

	



	AbstractConvention.getVarLonId(var[, vardict])

	



	NUGConvention([version])

	



	NUGConvention.getAxisIds(vardict)

	Get 1-D coordinate axis IDs.



	NUGConvention.getAxisAuxIds(vardict, axiskeys)

	



	COARDSConvention([version])

	



	CFConvention(version)

	



	CFConvention.getAxisAuxIds(vardict, axiskeys)

	Get Axis2D and AuxAxis1D IDs



	CFConvention.getVarLatId(var, vardict)

	



	CFConvention.getVarLonId(var, vardict)

	



	CFConvention.axisIsLatitude(axis)

	



	CFConvention.axisIsLongitude(axis)

	



	CFConvention.getVariableBounds(dset, var)

	Get the bounds variable for the variable, from a dataset or file.
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	AbstractCoordinateAxis([parent, …])

	
	Parameters

	








	AbstractCoordinateAxis.isAbstractCoordinate()

	



	AbstractCoordinateAxis.clone([copyData])

	



	AbstractCoordinateAxis.designateLatitude([…])

	



	AbstractCoordinateAxis.designateLevel([…])

	



	AbstractCoordinateAxis.designateLongitude([…])

	



	AbstractCoordinateAxis.designateTime([…])

	



	AbstractCoordinateAxis.getCalendar()

	



	AbstractCoordinateAxis.getData()

	



	AbstractCoordinateAxis.getExplicitBounds()

	



	AbstractCoordinateAxis.info([flag, device])

	Write info about axis; include dimension values and weights if flag



	AbstractCoordinateAxis.isLatitude()

	



	AbstractCoordinateAxis.isLevel()

	



	AbstractCoordinateAxis.isLongitude()

	



	AbstractCoordinateAxis.isForecast()

	



	AbstractCoordinateAxis.listall([all])

	Get list of info about this axis.



	AbstractCoordinateAxis.getBounds()

	



	AbstractCoordinateAxis.setBounds(bounds)

	



	AbstractCoordinateAxis.setCalendar(calendar)

	



	AbstractCoordinateAxis.size([axis])

	Number of elements in array, or in a particular axis.



	AbstractAxis2D([parent, variableNode, bounds])

	
	Parameters

	








	AbstractAxis2D.clone([copyData])

	



	AbstractAxis2D.setBounds(bounds)

	



	AbstractAxis2D.subSlice(*specs, **keys)

	



	DatasetAxis2D(parent[, id, variableNode, bounds])

	



	FileAxis2D(parent, id[, obj, bounds])

	



	TransientAxis2D(data[, typecode, copy, …])

	Create a transient 2D axis.
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	checkdimension(x, name)

	Purpose : dimension  checks



	generic_wts_bnds(lat)

	



	get_latitude_wts_bnds(checklatpass)

	Compare the passed checklatpass with the correct geophysical ones calculated here.



	get_region_latitude_wts_bnds(latRegionpass, …)

	Routine : get_region_latitude_wts_bnds



	latitude_bounds(lat_bnds)

	Purpose:



	rmserror(data1, data2)

	Purpose : compute the rms error for two data sets having the same shape



	sectionmask(dataIn, positionIn, maskIn, …)

	Purpose : construct the mask for the input data for use by rgdlength



	section(latvals, levvals)

	Purpose : make the crossi section analytical test case



	sendmsg(msg[, value1, value2])

	Purpose : send the same message to the screen
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	cuDataset.default_variable(vname)

	Set the default variable name.



	cuDataset.cleardefault()

	Clear the default variable name.



	cuDataset.listall([vname, all])

	Get info about data from the file.



	cuDataset.listattribute([vname])

	Get attributes of data from the file.



	cuDataset.listdimension([vname])

	List Dimension



	cuDataset.listglobal()

	List Global



	cuDataset.listvariable()

	List Variable



	cuDataset.showglobal([device])

	Show the global attributes in the file.



	cuDataset.showvariable([device])

	Show the variables in the file.



	cuDataset.showattribute([vname, device])

	Show the attributes of vname.



	cuDataset.showdimension([vname, device])

	Show the dimension names associated with a variable.



	cuDataset.showall([vname, all, device])

	Show a full description of the variable.



	cuDataset.dimensionobject(dname[, vname])

	CDMS axis object for the dimension named dname.



	cuDataset.dimensionarray(dname[, vname])

	Values of the dimension named dname.



	cuDataset.getdimensionunits(dname[, vname])

	Get the units for the given dimension.



	cuDataset.getglobal(attribute)

	Get the value of the global attribute.



	cuDataset.getattribute(vname, attribute)

	Get the value of attribute for variable vname



	cuDataset.getslab(vname, *args, **keys)

	Get Slab



	cuDataset.readScripGrid([whichGrid, checkGrid])

	Read a SCRIP curvilinear or generic grid from the dataset.
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	connect([uri, user, password])

	Method :  connect(uri=None, user=””, password=””)



	loadString(text, uri[, parent, datapath])

	Create a dataset from a text string.



	LDAPDatabase.close()

	Method



	LDAPDatabase.openDataset(dsetid[, mode])

	Method



	LDAPDatabase.searchFilter([filter, tag, …])

	Method



	LDAPDatabase.listDatasets()

	Return a list of the dataset IDs in this database.



	AbstractSearchResult.searchPredicate(predicate)

	Method not yet implemented



	LDAPSearchResult.searchPredicate(predicate)

	Method



	AbstractResultEntry.getObject()

	Method
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	asVariable(s[, writeable])

	As Variable



	createDataset(path[, template])

	Create a dataset.



	getMpiRank()

	Return number of processor available.



	getMpiSize()

	Return MPI size.



	getNetcdf4Flag()

	Get Net CD 4 Flag Returns ——- NetCDF4 flag value.



	getNetcdfClassicFlag()

	Get Net CDF Classic Flag



	getNetcdfDeflateFlag()

	Get Net CDF Deflate Flag



	getNetcdfDeflateLevelFlag()

	Get Net CDF Deflate Level Flag



	getNetcdfShuffleFlag()

	Get Net CDF Shuffle Flag



	getNetcdfUseNCSwitchModeFlag()

	Get current netCDF define mode.



	getNetcdfUseParallelFlag()

	Get NetCDF UseParallel flag value.



	isOverlapVector(vec1, vec2[, atol])

	Is Overlap Vector



	load(path)

	



	loadURI(uri)

	



	openDataset(uri[, mode, template, dods, …])

	Open Dataset



	parseFileMap(text)

	Parse a CDMS filemap.



	parseIndexList(text)

	Parse a string of the form [i,j,k,l,…,path].



	parselist(text, f)

	Parse a string of the form [A, A, …].



	parseName(text)

	



	parseVarMap(text)

	Parse a string of the form [ namelist, slicelist ]



	setCompressionWarnings([value])

	Turn on/off the warnings for compression.



	setNetcdf4Flag(value)

	Enable netCDF4 (HDF5) mode in libnetcdf.



	setNetcdfClassicFlag(value)

	Enable netCDF3 (classic) mode in libnetcdf.



	setNetcdfDeflateFlag(value)

	Enable/Disable NetCDF deflattion.



	setNetcdfDeflateLevelFlag(value)

	Sets NetCDF deflate level flag value



	setNetcdfShuffleFlag(value)

	Enable/Disable NetCDF shuffle.



	setNetcdfUseNCSwitchModeFlag(value)

	Tells cdms2 to switch constantly between netcdf define/write modes.



	setNetcdfUseParallelFlag(value)

	Enable/Disable NetCDF MPI I/O (Paralllelism).



	urlparse(url[, scheme, allow_fragments])

	Parse a URL into 6 components: <scheme>://<netloc>/<path>;<params>?<query>#<fragment> Return a 6-tuple: (scheme, netloc, path, params, query, fragment).



	urlunparse(components)

	Put a parsed URL back together again.



	useNetcdf3()

	Turns off (0) NetCDF flags for shuffle/cuDa/deflatelevel Output files are generated as NetCDF3 Classic after that



	CdmsFile.cleardefault()

	Clear the default variable name.



	CdmsFile.copyAxis(axis[, newname, …])

	Copy axis description and data from another axis.



	CdmsFile.copyGrid(grid[, newname])

	Create an implicit rectilinear grid.



	CdmsFile.createAxis(name, ar[, unlimited])

	Create an axis.



	CdmsFile.createRectGrid(id, lat, lon, order)

	Create an implicit rectilinear grid.



	CdmsFile.createVariableCopy(var[, id, …])

	Define a new variable, with the same axes and attributes as in <var>.



	CdmsFile.createVariable(name, datatype, …)

	Create a variable.



	CdmsFile.createVirtualAxis(name, axislen)

	Create an axis without any associated coordinate array.



	CdmsFile.default_variable(vname)

	Set the default variable name.



	CdmsFile.dimensionarray(dname[, vname])

	Values of the dimension named dname.



	CdmsFile.dimensionobject(dname[, vname])

	CDMS axis object for the dimension named dname.



	CdmsFile.getattribute(vname, attribute)

	Get the value of attribute for variable vname



	CdmsFile.getAxis(id)

	Get the axis object with the given id.



	CdmsFile.getBoundsAxis(n[, boundid])

	Get a bounds axis of length n.



	CdmsFile.getdimensionunits(dname[, vname])

	Get the units for the given dimension.



	CdmsFile.getglobal(attribute)

	Get the value of the global attribute.



	CdmsFile.getGrid(id)

	Get the grid object with the given id.



	CdmsFile.getslab(vname, *args, **keys)

	Get Slab



	CdmsFile.getVariable(id)

	Get the variable object with the given id.



	CdmsFile.getVariables([spatial])

	Get a list of variable objects.



	CdmsFile.listall([vname, all])

	Get info about data from the file.



	CdmsFile.listattribute([vname])

	Get attributes of data from the file.



	CdmsFile.listdimension([vname])

	List Dimension



	CdmsFile.listglobal()

	List Global



	CdmsFile.listvariable()

	List Variable



	CdmsFile.listvariables()

	List Variable



	CdmsFile.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	CdmsFile.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute.



	CdmsFile.readScripGrid([whichGrid, checkGrid])

	Read a SCRIP curvilinear or generic grid from the dataset.



	CdmsFile.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	CdmsFile.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute.



	CdmsFile.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.



	CdmsFile.showall([vname, all, device])

	Show a full description of the variable.



	CdmsFile.showattribute([vname, device])

	Show the attributes of vname.



	CdmsFile.showdimension([vname, device])

	Show the dimension names associated with a variable.



	CdmsFile.showglobal([device])

	Show the global attributes in the file.



	CdmsFile.showvariable([device])

	Show the variables in the file.



	CdmsFile.sync()

	Syncs the file on disk.



	CdmsFile.write_it_yourself(obj)

	Tell obj to write itself to self (already open for writing), using its writeg method (AbstractCurveGrid has such a method, for example).



	CdmsFile.write(var[, attributes, axes, …])

	Write var to the file.



	Dataset.cleardefault()

	Clear the default variable name.



	Dataset.default_variable(vname)

	Set the default variable name.



	Dataset.dimensionarray(dname[, vname])

	Values of the dimension named dname.



	Dataset.dimensionobject(dname[, vname])

	CDMS axis object for the dimension named dname.



	Dataset.getattribute(vname, attribute)

	Get the value of attribute for variable vname



	Dataset.getAxis(id)

	Get the axis object with the given id.



	Dataset.getConvention()

	Get the metadata convention associated with this dataset or file.



	Dataset.getdimensionunits(dname[, vname])

	Get the units for the given dimension.



	Dataset.getglobal(attribute)

	Get the value of the global attribute.



	Dataset.getGrid(id)

	Get the grid object with the given id.



	Dataset.getLogicalCollectionDN([base])

	Return the logical collection distinguished name of this dataset.



	Dataset.getslab(vname, *args, **keys)

	Get Slab



	Dataset.getVariable(id)

	Get the variable object with the given id.



	Dataset.getVariables([spatial])

	Get a list of variable objects.



	Dataset.listall([vname, all])

	Get info about data from the file.



	Dataset.listattribute([vname])

	Get attributes of data from the file.



	Dataset.listdimension([vname])

	List Dimension



	Dataset.listglobal()

	List Global



	Dataset.listvariable()

	List Variable



	Dataset.listvariables()

	List Variable



	Dataset.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	Dataset.readScripGrid([whichGrid, checkGrid])

	Read a SCRIP curvilinear or generic grid from the dataset.



	Dataset.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	Dataset.showall([vname, all, device])

	Show a full description of the variable.



	Dataset.showattribute([vname, device])

	Show the attributes of vname.



	Dataset.showdimension([vname, device])

	Show the dimension names associated with a variable.



	Dataset.showglobal([device])

	Show the global attributes in the file.



	Dataset.showvariable([device])

	Show the variables in the file.
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	EsmfUnstructGrid.setCells(cellIndices, …)

	Set Cell connectivity.



	EsmfUnstructGrid.setNodes(indices, coords[, …])

	Set the nodal coordinates



	EsmfUnstructGrid.toVTK(filename)

	Write grid to VTK file format



	EsmfStructGrid.getLocalSlab(staggerloc)

	Get the local slab (ellipsis).



	EsmfStructGrid.getLoHiBounds(staggerloc)

	Get the local lo/hi index values for the coordinates (per processor) (hi is not inclusive, lo <= index < hi)



	EsmfStructGrid.getCoordShape(staggerloc)

	Get the local coordinate shape (may be different on each processor)



	EsmfStructGrid.setCoords(coords[, …])

	Populate the grid with staggered coordinates (e.g.



	EsmfStructGrid.getCoords(dim, staggerloc)

	Return the coordinates for a dimension



	EsmfStructGrid.setCellAreas(areas)

	Set the cell areas



	EsmfStructGrid.getCellAreas()

	Get Cell Areas



	EsmfStructGrid.getMask([staggerloc])

	Get mask array.



	EsmfStructGrid.setMask(mask[, staggerloc])

	Set mask array.



	EsmfStructField.getPointer()

	Get field data as a flat array



	EsmfStructField.getData(rootPe)

	Get field data as a numpy array



	EsmfStructField.setLocalData(data, staggerloc)

	Set local field data



	EsmfRegrid.getSrcAreas(rootPe)

	Get the src grid areas as used by conservative interpolation



	EsmfRegrid.getDstAreas(rootPe)

	Get the dst grid areas as used by conservative interpolation



	EsmfRegrid.getSrcAreaFractions(rootPe)

	Get the source grid fraction areas as used by conservative interpolation



	EsmfRegrid.getDstAreaFractions(rootPe)

	Get the destination grid fraction areas as used by conservative interpolation
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	two_times_from_one(t)

	Two Times from One



	available_forecasts(dataset_file[, path])

	Available Forecasts



	comptime(t)

	Comptime



	forecasts(dataset_file, forecast_times[, path])

	Represents a set of forecasts



	forecasts.__init__(dataset_file, forecast_times)

	Init



	forecasts.forecast_times_to_list(forecast_times)

	For internal list, translates a “forecast_times” argument of __init__ or other methods, into a list of times.



	forecasts.time_interval_to_list(tlo, thi[, …])

	For internal use, translates a time interval to a list of times.



	forecasts.reduce_inplace(min_time, max_time)

	Reduce Inplace



	forecasts.forecast_axis(varname[, fcss])

	Forecast Axis
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	FileVariable.astype(tc)

	return self as array of given type.



	FileVariable.createattribute(name, value)

	Create an attribute and set its name to value.



	FileVariable.crossSectionRegrid(newLevel, …)

	Return the variable regridded to new pressure levels and latitudes.



	FileVariable.decode(ar)

	Decode compressed data.



	FileVariable.deleteattribute(name)

	Delete the named attribute.



	FileVariable.expertPaths(slist)

	Expert Paths



	FileVariable.generateGridkey(convention, vardict)

	Determine if the variable is gridded.



	FileVariable.generateRectGridkey(lat, lon)

	Determine if the variable is gridded, rectilinear.



	FileVariable.genMatch(axis, interval, matchnames)

	Helper function for expertPaths.



	FileVariable.getattribute(name)

	Get the attribute name.



	FileVariable.getAxisIds()

	Get a list of axis identifiers.



	FileVariable.getAxisIndex(axis_spec)

	Get the index of the axis specificed by axis_spec.



	FileVariable.getAxisListIndex([axes, omit, …])

	Get Axis List Index



	FileVariable.getAxisList([axes, omit, order])

	Get the list of axis objects



	FileVariable.getConvention()

	Get the metadata convention associated with this object.



	FileVariable.getdimattribute(dim, field)

	Get the attribute named field from the dim’th dimension.



	FileVariable.getFilePath(matchnames, template)

	Lookup or generate the file path, depending on whether a filemap or template is present.



	FileVariable.getForecastTime()

	Get the first forecast time dimension.



	FileVariable.getGridIndices()

	Get Grid Indices



	FileVariable.getLatitude()

	Get the first latitude dimension.



	FileVariable.getLevel()

	Get the first vertical level dimension in the domain.



	FileVariable.getLongitude()

	Get the first longitude dimension.



	FileVariable.getMissing([asarray])

	Get Missing



	FileVariable.getOrder([ids])

	Get Order



	FileVariable.getPartition(axis)

	Get the partition attribute for this variable, axis.



	FileVariable.getRegion(*specs, **keys)

	Read a region of data.



	FileVariable.getSlice(*specs, **keys)

	getSlice takes arguments of the following forms and produces a return array.



	FileVariable.getTime()

	Get the first time dimension.



	FileVariable.getValue([squeeze])

	Return the entire set of values.



	FileVariable.hasCellData()

	If any of the variable’s axis has explicit bounds, we have cell data otherwise we have point data.



	FileVariable.initDomain(axisdict)

	Initialized the domain



	FileVariable.isEncoded()

	True if self is represented as packed data.



	FileVariable.listall([all])

	Get list of info about this slab.



	FileVariable.listattributes()

	Return a list of attribute names.



	FileVariable.listdimattributes(dim)

	List the legal axis field names.



	FileVariable.listdimnames()

	Return a list of the names of the dimensions.



	FileVariable.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	FileVariable.matchPattern(pattern, …)

	Match for a pattern in a string-valued attribute.



	FileVariable.pressureRegrid(newLevel[, …])

	Return the variable regridded to new pressure levels.



	FileVariable.regrid(togrid[, missing, …])

	return self regridded to the new grid.



	FileVariable.reorder(order)

	Reorder per the specification order.



	FileVariable.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	FileVariable.searchPattern(pattern, …)

	Search for a pattern in a string-valued attribute.



	FileVariable.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.



	FileVariable.select(*args, **kwargs)

	Selection of a subregion using selectors.



	FileVariable.setattribute(name, value)

	Set the attribute name to value.



	FileVariable.setMissing(value)

	Set the missing value.



	FileVariable.showdim()

	Show the dimension attributes and values.



	FileVariable.size()

	Number of elements.



	FileVariable.specs2slices(speclist[, force])

	Create an equivalent list of slices from an index specification.



	FileVariable.typecode()

	convert to new typecode.
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	AbstractGenericGrid(latAxis, lonAxis[, id, …])

	



	AbstractGenericGrid.clone([copyData])

	Make a copy of self.



	AbstractGenericGrid.getMesh([transpose])

	Generate a mesh array for the meshfill graphics method.



	AbstractGenericGrid.getAxis(naxis)

	Not documented



	AbstractGenericGrid.genBounds()

	Not documented



	AbstractGenericGrid.getMask()

	Get the mask array, if any, otherwise None is returned.



	AbstractGenericGrid.size()

	Return number of cells in the grid



	AbstractGenericGrid.writeScrip(cufile[, …])

	Write a grid to a SCRIP file.



	AbstractGenericGrid.writeToFile(file)

	Write self to a CdmsFile file, returning CF coordinates attribute, or None if not applicable



	AbstractGenericGrid.subSlice(*specs, **keys)

	Get a transient subgrid based on an argument list <specs> of slices.



	AbstractGenericGrid.getGridSlices(…)

	Determine which slices in slicelist correspond to the lat/lon elements of the grid.



	AbstractGenericGrid.getIndex()

	Get the grid index



	AbstractGenericGrid.intersect(spec)

	Intersect with the region specification.



	AbstractGenericGrid.getAxisList()

	Not documented



	AbstractGenericGrid.isClose(g)

	Is Close



	AbstractGenericGrid.checkAxes(axes)

	Check Axes



	AbstractGenericGrid.reconcile(axes)

	Reconcile



	AbstractGenericGrid.flatAxes()

	Flat Axes



	AbstractGenericGrid.toGenericGrid([gridid])

	



	DatasetGenericGrid(latAxis, lonAxis, id[, …])

	



	FileGenericGrid(latAxis, lonAxis, id[, …])

	



	TransientGenericGrid(latAxis, lonAxis[, id, …])

	



	TransientGenericGrid.toGenericGrid([gridid])
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	isGrid(grid)

	Is grid a grid?



	setClassifyGrids(mode)

	Not documented



	createRectGrid(lat, lon[, order, type, mask])

	Not documented



	createUniformGrid(startLat, nlat, deltaLat, …)

	Not documented



	createGlobalMeanGrid(grid)

	Not documented



	createZonalGrid(grid)

	Not documented



	createGenericGrid(latArray, lonArray[, …])

	Not documented



	createGaussianGrid(nlats[, xorigin, order])

	Create a Gaussian grid, with shape (nlats, 2*nlats).



	defaultRegion()

	Default Region



	setRegionSpecs(grid, coordSpec, coordType, …)

	Modify a list of coordinate specifications, given a coordinate type and a specification for that coordinate.



	AbstractGrid.info([flag, device])

	Write info about slab; include dimension values and weights if flag



	AbstractGrid.writeToFile(file)

	Write self to a CdmsFile file, returning CF coordinates attribute, or None if not applicable



	AbstractGrid.subSlice(*specs, **keys)

	Get a subgrid based on an argument list <specs> of slices.



	AbstractGrid.hasCoordType(coordType)

	Has CoordType



	AbstractGrid.getAxisList()

	Not documented



	AbstractGrid.isClose(g)

	Is Close



	AbstractGrid.checkAxes(axes)

	Check Axes



	AbstractGrid.reconcile(axes)

	Reconcile



	AbstractGrid.clone([copyData])

	Make a copy of self.



	AbstractGrid.flatAxes()

	Flat Axes



	AbstractGrid.size()

	Return number of cells in the grid



	AbstractGrid.writeScrip(cdunifFile)

	Write a grid to a SCRIP file



	AbstractRectGrid.getAxis(naxis)

	Not documented



	AbstractRectGrid.getBounds()

	Not documented



	AbstractRectGrid.getLatitude()

	Not documented



	AbstractRectGrid.getLongitude()

	Not documented



	AbstractRectGrid.getMask()

	Not documented



	AbstractRectGrid.setMask(mask[, permanent])

	Not documented



	AbstractRectGrid.getType()

	Not documented



	AbstractRectGrid.setType(gridtype)

	Not documented



	AbstractRectGrid.getWeights()

	Not documented



	AbstractRectGrid.subGrid(latinterval, …)

	Not documented



	AbstractRectGrid.subGridRegion(latRegion, …)

	Not documented



	AbstractRectGrid.transpose()

	Not documented



	AbstractRectGrid.classify()

	Not documented



	AbstractRectGrid.classifyInFamily(gridlist)

	Not documented



	AbstractRectGrid.genBounds()

	Not documented



	AbstractRectGrid.writeToFile(file)

	Not documented



	AbstractRectGrid.getMesh()

	Generate a mesh array for the meshfill graphics method.



	AbstractRectGrid.writeScrip(cufile[, gridTitle])

	Write a grid to a SCRIP file.



	AbstractRectGrid.toCurveGrid([gridid])

	Convert to a curvilinear grid.



	AbstractRectGrid.toGenericGrid([gridid])

	Not documented



	AbstractRectGrid.getMask()

	Not documented



	FileRectGrid.setBounds(latBounds, lonBounds)

	Not documented



	FileRectGrid.getMask()

	Not documented



	FileRectGrid.setMask(mask[, persistent])

	Not documented



	FileRectGrid.getMaskVar()

	Not documented



	TransientRectGrid.getMask()

	Not documented



	TransientRectGrid.setMask(mask[, persistent])

	Not documented



	TransientRectGrid.setBounds(latBounds, lonBounds)

	Not documented
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	AbstractHorizontalGrid(latAxis, lonAxis[, …])

	Create an horizontal grid



	AbstractHorizontalGrid.genBounds()

	Not documented



	AbstractHorizontalGrid.getAxis(naxis)

	Not documented



	AbstractHorizontalGrid.getBounds()

	Get the grid cell boundaries, as a tuple (latitudeBounds, longitudeBounds)



	AbstractHorizontalGrid.getLatitude()

	Get the latitude coordinates.



	AbstractHorizontalGrid.getLongitude()

	Get the longitude coordinates.



	AbstractHorizontalGrid.getMask()

	Get the mask array, if any, otherwise None is returned.



	AbstractHorizontalGrid.getMesh()

	Get the mesh array used by the meshfill plot.



	AbstractHorizontalGrid.getWeightsArray()

	Get Weights Array



	AbstractHorizontalGrid.listall([all])

	Not documented



	AbstractHorizontalGrid.setMask(mask[, permanent])

	Not documented



	AbstractHorizontalGrid.subGridRegion(…)

	Not documented



	AbstractHorizontalGrid.hasCoordType(coordType)

	Not documented



	AbstractHorizontalGrid.checkConvex()

	Check that each cell of the grid is convex in lon-lat space, with nodes defined counter-clockwise.



	AbstractHorizontalGrid.fixCutCells(…[, …])

	For any mapping from a spherical to a planar surface, there is a linear cut.



	AbstractCurveGrid(latAxis, lonAxis[, id, …])

	Create a curvilinear grid.



	AbstractCurveGrid.clone([copyData])

	Not documented



	AbstractCurveGrid.getMesh([transpose])

	Generate a mesh array for the meshfill graphics method.



	AbstractCurveGrid._getShape()

	Not documented



	AbstractCurveGrid.genBounds()

	Not documented



	AbstractCurveGrid.getAxis(naxis)

	Not documented



	AbstractCurveGrid.getMask()

	Get the mask array, if any, otherwise None is returned.



	AbstractCurveGrid.size()

	Not documented



	AbstractCurveGrid.writeScrip(cufile[, gridTitle])

	Write a grid to a SCRIP file.



	AbstractCurveGrid.toGenericGrid([gridid])

	Not documented



	AbstractCurveGrid.toCurveGrid([gridid])

	Not documented



	AbstractCurveGrid.writeToFile(file)

	Not documented



	AbstractCurveGrid.writeg(file)

	Write self as a Gridspec file representing a curvilinear grid.



	AbstractCurveGrid.write_gridspec(filename)

	Writes this grid to a Gridspec-compliant file, or does nothing if there is already a known file corresponding to this grid.



	AbstractCurveGrid.init_from_gridspec(filename)

	Reads to grid from a Gridspec-compliant file.



	AbstractCurveGrid.init_from_gridspec_file(f)

	Reads to grid from a Gridspec-compliant file, f.



	AbstractCurveGrid.subSlice(*specs, **keys)

	Get a transient subgrid based on an argument list <specs> of slices.



	AbstractCurveGrid.getGridSlices(domainlist, …)

	Determine which slices in slicelist correspond to the lat/lon elements of the grid.



	AbstractCurveGrid.getIndex()

	Get the grid index



	AbstractCurveGrid.intersect(spec)

	Intersect with the region specification.



	AbstractCurveGrid.getAxisList()

	Not documented



	AbstractCurveGrid.isClose(g)

	Is Close



	AbstractCurveGrid.checkAxes(axes)

	Check Axes



	AbstractCurveGrid.reconcile(axes)

	Reconcile



	AbstractCurveGrid.flatAxes()

	Flat Axes



	readScripCurveGrid(fileobj, dims, whichType, …)

	Read a ‘native’ SCRIP grid file, returning a transient curvilinear grid.
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	extractBounds(bounds)

	



	input_mask(ain, type, mask[, missing])

	set up the input mask including missing from ain
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	cdms2 package
	Submodules

	cdms2.CDML module

	cdms2.CDMLParser module

	cdms2.MV2 module

	cdms2.avariable module

	cdms2.axis module

	cdms2.bindex module

	cdms2.cache module

	cdms2.cdmsNode module

	cdms2.cdmsURLopener module

	cdms2.cdmsobj module

	cdms2.cdscan module

	cdms2.cdurllib module

	cdms2.cdurlparse module

	cdms2.cdxmllib module

	cdms2.convention module

	cdms2.dataset module

	cdms2.error module

	cdms2.forecast module

	cdms2.fvariable module

	cdms2.gengrid module

	cdms2.git module

	cdms2.grid module

	cdms2.tvariable module

	cdms2.variable module

	Module contents





	regrid2 package
	Submodules

	regrid2.crossSection module

	regrid2.error module

	regrid2.esmf module

	regrid2.git module

	regrid2.gsRegrid module

	regrid2.gs_horizontal module

	regrid2.horizontal module

	regrid2.mvESMFRegrid module

	regrid2.mvGenericRegrid module

	regrid2.mvLibCFRegrid module

	regrid2.mytest module

	regrid2.pressure module

	regrid2.scrip module

	Module contents
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:


BaseWriter
BaseWriter.write
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	ESMFRegrid.setCoords(srcGrid, dstGrid[, …])

	Populator of grids, bounds and masks



	ESMFRegrid.computeWeights(**args)

	Compute interpolation weights



	ESMFRegrid.apply(srcData, dstData, rootPe[, …])

	Regrid source to destination.



	ESMFRegrid.getDstGrid()

	Get the destination grid on this processor



	ESMFRegrid.getSrcAreas(rootPe)

	Get the source grid cell areas



	ESMFRegrid.getDstAreas(rootPe)

	Get the destination grid cell areas



	ESMFRegrid.getSrcAreaFractions(rootPe)

	Get the source grid area fractions



	ESMFRegrid.getDstAreaFractions(rootPe)

	Get the destination grid area fractions



	ESMFRegrid.getSrcLocalShape(staggerLoc)

	Get the local source coordinate/data shape (may be different on each processor)



	ESMFRegrid.getDstLocalShape(staggerLoc)

	Get the local destination coordinate/data shape (may be different on each processor)



	ESMFRegrid.getSrcLocalSlab(staggerLoc)

	Get the destination local slab (ellipsis).



	ESMFRegrid.getDstLocalSlab(staggerLoc)

	Get the destination local slab (ellipsis).



	ESMFRegrid.fillInDiagnosticData(diag, rootPe)

	Fill in diagnostic data
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	guessPeriodicity(srcBounds)

	Guess if a src grid is periodic



	GenericRegrid.computeWeights(**args)

	Compute Weights



	GenericRegrid.apply(srcData, dstData[, …])

	Regrid source to destination



	GenericRegrid.getDstGrid()

	Return the destination grid, may be different from the dst grid provided to the constructor due to domain decomposition



	GenericRegrid.fillInDiagnosticData(diag[, …])

	Fill in diagnostic data
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LibCF regridding class


	
class LibCFRegrid(srcGrid, dstGrid, srcGridMask=None, srcBounds=None, **args)[source]

	
	
apply(srcData, dstData, missingValue=None, **args)[source]

	Regrid source to destination


	Parameters

	
	srcData :
	array (input)



	dstData :
	array (output)



	missingValue :
	value that should be set for points falling outside
the src domain, pass None if these should not be touched.














	
computeWeights(**args)[source]

	Compute interpolation weights


	Parameters

	
	**args arguments to be passed to gsRegrid, e.g. nitermax, tolpos, …
	












	
fillInDiagnosticData(diag, rootPe)[source]

	Fill in diagnostic data


	Parameters

	
	diag
	
a dictionary whose entries, if present, will be filled valid entries are: ‘numDstPoints’ and ‘numValid’





	rootPe
	not used


















	
getDstGrid()[source]

	Get the grid of the dst data


	Returns

	
	grid
	












	
getSrcGrid()[source]

	Get the grid of the src data (maybe larger than the dst
grid passed to the constructor due to column/row padding)


	Returns

	
	grid
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	SphereMesh(var[, sphereThickness])

	



	SphereMesh.getXYZCoords([sphereRadius])

	Get the curvilinear cartesian coordinates
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	VTKSGWriter(var[, sphereRadius, maxElev])

	Write file



	VTKSGWriter.write(filename)
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	VTKUGWriter(var[, sphereRadius, maxElev])

	Write file



	VTKUGWriter.write(filename)
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:


VsWriter
VsWriter.write
VsWriter.test2DRect
VsWriter.test3D
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Abstract class for writing data into file


	
class BaseWriter(var, sphereRadius=1.0, maxElev=0.1)[source]

	Constructor


	Parameters

	
	var
	
a cdms2 variable





	sphereRadius
	radius of the sphere upon which the grid will be projected



	maxElev
	max elevation/depth normalized to the sphere radius














	
write(filename)[source]

	Write data to file. This method is overloaded.


	Parameters

	
	filename file name
	



















            

          

      

      

    

  

  
    
    
    pressure
    

    

    
 
  

    
      
          
            
  
pressure







	checkorder(positionIn)

	Purpose :



	sendmsg(msg[, value1, value2])

	Purpose :
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Submodules




regrid2.crossSection module


	
class CrossSectionRegridder(latIn, latOut, levIn, levOut, latTypeIn=None, latSizeIn=None, latTypeOut=None, latSizeOut=None)

	Bases: object


	PURPOSE: To perform all the tasks required to regrid the input data into the ouput data in the
	latitude-level plane for all times



	PROCEDURE:
	
	Step One:
	Make an instance of class CrossSectionRegridder passing it input and output grid information



	Step Two:
	Pass the input data with some descriptive parameters and get the output data
in return










	
rgrd(dataIn, missingValueIn, missingMatch, logYes='yes', positionIn=None, maskIn=None, missingValueOut=None)

	To perform all the tasks required to regrid the input data, dataIn, into the ouput data, dataout in
the latitude-level plane.


	Parameters

	
	dataIndata to regrid
	

	missingValueInthe missing data value to use in setting missing in the mask. It is required.
	
	None – there is no missing data


	A number – if  the value to use in the search for possible missing data.
The presence of missing data at a grid point leads to recording 0.0 in the mask.






	missingMatchthe comparison scheme used in searching for missing data in dataIn using the value
	
passed in as missingValueIn.





	None – used if None is the entry for missingValueIn


	exact – used if missingValue is the exact value from the file


	greater – the missing data value is equal to or greater than missingValueIn


	less – the missing data value is equal to or less than missingValueIn






	logYeschoose the level regrid as linear in log of level or linear in level.
	
	Set to ‘yes’ for log. Anything else is linear in level.






	positionIna tuple with the numerical position of the dimensions
	
	in C or Python order specified in the sequence latitude,
level and time. Latitude and level are required. If time is missing submit None in its
slot in the tuple. Notice that the length of the tuple is
always three.

Explicitly, in terms of the shape of dataIn as returned by python’s shape function

positionIn[0] contains the position of latitude in dataIn
positionIn[1] contains the position of level in dataIn or None
positionIn[2] contains the position of time in dataIn or None

If the c order shape of 3D data is
(number of times, number of levels, number of latitudes)
submit
(2, 1, 0).

If the c order shape of 2D data is
(number of times, number of latitudes)
submit
(1, None, 0).

Send in None if the shape is a subset of (time, level, latitude) which is evaluated
as follows:



	2D – code assumes (1,0,None)


	3D – code assumes (2,1,0)













	maskInan array of 1.0 and 0.0 values where the 0.0 value is used to mask the input data.
	This mask only works on the latitude grid. It is not possible to mask out a region in the level
plane. The 0.0 value removes the data from correponding grid point. The user can supply the
following choices:



	None – an array of 1.0s is created followed by substituting 0.0s for grid points with missing
data in the input data array, dataIn


	array – an array of 1.0s or 0.0s which must be either 2D or the actual size of the input data,
dataIn. This user supplied mask might be used to mask a latitude region. It is not
required to account for missing data in the input data. The code uses missingValueIn
and missingMatch to supply the 0.0s for grid points with missing data in the input
data array, dataIn.









	missingValueOutthe value for the missing data used in writing the output data.
	
	If left at the default entry, None, the code uses missingValueIn


	If present or as a last resort 1.0e20










	Returns

	
	dataOutthe regridded data
	
















	
checkdimension(x, name)

	
	Purposedimension  checks
	
	has a len method


	data type is float32


	monotonically increasing vectors









	Parameters

	
	xcoordinate vector
	

	namecoordinate vector ID
	





	Returns

	
	x, xsize – dimension vector and its size
	












	
generic_wts_bnds(lat)

	




	
get_latitude_wts_bnds(checklatpass)

	Compare the passed checklatpass with the correct geophysical ones
calculated here. After finding a match call the function to get the bounds.

wts,bnds = get_latitude_wts_bnds(checklatpass)


	Parameters

	
	checklatpassis the grid to check
	





	Returns

	
	wts, bnds - tuple with weights and bounds
	












	
get_region_latitude_wts_bnds(latRegionpass, latType, latSize)

	Routine : get_region_latitude_wts_bnds


	Purposecompare the passed latitudes, latRegion, with the global
	
ones calculated here and extract the wts and bounds for




the region



	Usagewts,bnds = get_region_latitude_wts_bnds(latRegion, latType, latSize)
	where latRegion is the regional grid to check






	Returns

	
	wts, bnds - tuple with weights and bounds
	












	
latitude_bounds(lat_bnds)

	Purpose:

set up the shape and bounds for use by maparea

Usage:


	Returns

	
	tuple ( bn,bs )
	












	
rmserror(data1, data2)

	Purpose : compute the rms error for two data sets having the same shape

Passed : the two data sets


	Returns

	
	rms error
	












	
section(latvals, levvals)

	Purpose : make the crossi section analytical test case

Passed : the grid coordinate vectors


	Returns

	
	xsectiona temerature like cross section
	












	
sectionmask(dataIn, positionIn, maskIn, missingValueIn, missingMatch)

	Purpose : construct the mask for the input data for use by rgdlength

Usage : amskin = mask(dataIn, positionIn, maskIn, missingValueIn, missingValueOut, flag2D)


	Returns

	
	amskin
	












	
sendmsg(msg, value1=None, value2=None)

	Purpose : send the same message to the screen

Passed : msg - the string


	Returns

	
	return
	














regrid2.error module


	
exception RegridError(args='Unspecified error from regrid package')

	Bases: Exception








regrid2.esmf module


	
class EsmfRegrid(srcField, dstField, srcFrac=None, dstFrac=None, srcMaskValues=None, dstMaskValues=None, regridMethod=<RegridMethod.BILINEAR: 0>, ignoreDegenerate=False, unMappedAction=<UnmappedAction.IGNORE: 1>)

	Bases: object

Regrid source grid data to destination grid data

Constuct regrid object


	Parameters

	
	srcField :
	the source field object of type EsmfStructFields



	dstField :
	the destination field object of type EsmfStructField



	srcMaskValues :
	Value of masked cells in source



	dstMaskValues :
	Value of masked cells in destination



	srcFrac :
	Cell fractions on source grid (type EsmfStructField



	dstFrac :
	Cell fractions on destination grid (type EsmfStructField)



	regridMethod :
	ESMF.RegridMethod.{BILINEAR,CONSERVE,PATCH}



	unMappedAction :
	ESMF.UnmappedAction.{IGNORE,ERROR}



	ignoreDegenerate :
	Ignore degenerate cells when checking inputs










	
getDstAreaFractions(rootPe)

	Get the destination grid fraction areas as used by conservative interpolation


	Parameters

	
	rootPeNone is local areas are returned, otherwise provide rootPe and the data will be gathered
	





	Returns

	
	numpy array
	












	
getDstAreas(rootPe)

	Get the dst grid areas as used by conservative interpolation


	Parameters

	
	rootPeNone is local areas are returned, otherwise provide rootPe and the data will be gathered
	





	Returns

	
	numpy array or None if interpolation is not conservative
	












	
getSrcAreaFractions(rootPe)

	Get the source grid fraction areas as used by conservative interpolation


	Parameters

	
	rootPeNone is local areas are returned, otherwise provide rootPe and the data will be gathered
	





	Returns

	
	numpy array
	












	
getSrcAreas(rootPe)

	Get the src grid areas as used by conservative interpolation


	Parameters

	
	rootPeNone is local areas are returned, otherwise provide rootPe and
	the data will be gathered







	Returns

	
	numpy array or None if interpolation is not conservative
	
















	
class EsmfStructField(esmfGrid, name, datatype, staggerloc=<StaggerLoc.CENTER: 0>)

	Bases: object

Structured field.

Creator for structured ESMF Field


	Parameters

	
	esmfGrid
	
instance of an ESMF





	name field
	name (must be unique)



	datatype
	data type, one of ‘float64’, ‘float32’, ‘int64’, or ‘int32’
(or equivalent numpy dtype)



	staggerloc
	ESMF.StaggerLoc.CENTER
ESMF.StaggerLoc.CORNER














	
getData(rootPe)

	Get field data as a numpy array


	Parameters

	
	rootPeif None then local data will be fetched, otherwise gather the
	data on processor “rootPe” (all other procs will return None).







	Returns

	
	numpy array or None.
	












	
getPointer()

	Get field data as a flat array


	Returns

	
	flat array pointer.
	












	
setLocalData(data, staggerloc, globalIndexing=False)

	Set local field data


	Parameters

	
	datafull numpy array, this method will take care of setting
	a the subset of the data that reside on the local processor



	staggerlocstagger location of the data
	

	globalIndexingif True array was allocated over global index space, array
	was allocated over local index space (on this processor)


















	
class EsmfStructGrid(shape, coordSys=<CoordSys.SPH_DEG: 1>, periodicity=0, staggerloc=<StaggerLoc.CENTER: 0>, hasBounds=False)

	Bases: object

Structured grid


	Parameters

	
	shapeTuple of cell sizes along each axis
	

	coordSyscoordinate system
	ESMF.CoordSys.CART Cartesian
ESMF.CoordSys.SPH_DEG (default) Degrees
ESMF.CoordSys.SPH_RAD Radians



	periodicityDoes the grid have a periodic coordinate
	0 No periodicity
1 Periodic in x (1st) axis
2 Periodic in x, y axes



	staggerlocESMF stagger location. ESMF.StaggerLoc.XXXX
	The stagger constants are listed at the top



	hasBoundsIf the grid has bounds, Run AddCoords for the bounds
	








	
getCellAreas()

	Get Cell Areas


	Returns

	
	cell areas or None if setCellAreas was not called
	












	
getCoordShape(staggerloc)

	Get the local coordinate shape (may be different on each processor)


	Parameters

	
	staggerloc(e.g. ESMF.StaggerLoc.CENTER)
	





	Returns

	
	tuple
	












	
getCoords(dim, staggerloc)

	Return the coordinates for a dimension


	Parameters

	
	dimdesired dimension (zero based indexing)
	

	staggerlocStagger location
	












	
getLoHiBounds(staggerloc)

	Get the local lo/hi index values for the coordinates (per processor)
(hi is not inclusive, lo <= index < hi)


	Parameters

	
	staggerloc(e.g. ESMF.StaggerLoc.CENTER)
	





	Returns

	
	lo, hi lists.
	












	
getLocalSlab(staggerloc)

	Get the local slab (ellipsis). You can use this to grab
the data local to this processor


	Parameters

	
	staggerloc(e.g. ESMF.StaggerLoc.CENTER)
	





	Returns

	
	tuple of slices.
	












	
getMask(staggerloc=<StaggerLoc.CENTER: 0>)

	Get mask array. In ESMF, the mask is applied to cells.


	Returns

	
	mask numpy array 1 is invalid by default
	












	
setCellAreas(areas)

	Set the cell areas


	Parameters

	
	areasnumpy array
	












	
setCoords(coords, staggerloc=<StaggerLoc.CENTER: 0>, globalIndexing=False)

	Populate the grid with staggered coordinates (e.g. corner or center).


	Parameters

	
	coordsThe curvilinear coordinates of the grid. List of numpy arrays.
	Must exist on all procs.



	staggerlocThe stagger location ESMF.StaggerLoc.CENTER (default)
	ESMF.StaggerLoc.CORNER



	globalIndexingif True array was allocated over global index space, otherwise array was
	allocated over local index space on this processor. This is only relevant
if rootPe is None









Notes

coord dims in cdms2 are ordered in y, x, but ESMF expects x, y, hence the
dimensions are reversed here.






	
setMask(mask, staggerloc=<StaggerLoc.CENTER: 0>)

	Set mask array. In ESMF, the mask is applied to cells.


	Returns

	
	mask numpy array 1 is invalid by default
	







Notes

This array exists on all procs










	
class EsmfUnstructGrid(numTopoDims, numSpaceDims)

	Bases: object

Constructor


	Parameters

	
	numTopoDimsnumber of topological dimensions
	

	numSpaceDimsnumber of space dimensions
	








	
setCells(cellIndices, cellTypes, connectivity, cellMask=None, cellAreas=None)

	
Set Cell connectivity.





	Parameters

	
	cellIndicesany 0-based.
	cellTypes : any one of ESMF_MESHELEMTYPE_{TRI,QUAD,TETRA,HEX}.

connectivityNode : any connectivity array, see below for node ordering.

cellMask : any cellAreas area (volume) of each cell.









Notes
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setNodes(indices, coords, peOwners=None)

	Set the nodal coordinates


	Parameters

	
	indicesIds of the nodes (0-based)
	

	coordsnodal coordinates
	

	peOwnersprocessor ranks where the coordinates reside (0-based)
	












	
toVTK(filename)

	Write grid to VTK file format


	Parameters

	
	filenameVTK file name
	


















regrid2.git module




regrid2.gsRegrid module

Regridding of curvilinear structured grids


	
C_DOUBLE_P

	alias of regrid2.gsRegrid.LP_c_double






	
class Regrid(src_grid, dst_grid, src_bounds=None, mkCyclic=False, handleCut=False, verbose=False)

	Bases: object

Constructor


	Parameters

	
	src_grid
	source grid, a list of [x, y, …] coordinates or a cdms2.grid.Transient



	dst_grid
	destination grid, a list of [x, y, …] coordinate



	src_bounds
	list of cell bounding coordinates (to be used when handling a cut in coordinates)



	mkCyclic
	Add a column to the right side of the grid to complete a cyclic grid



	handleCut
	Add a row to the top of grid to handle a cut for grids such as the tri-polar
grid verbose print diagnostic messages










	
apply(src_data_in, dst_data, missingValue=None)

	Apply interpolation


	Parameters

	
	src_data
	
data on source grid





	dst_data
	data on destination grid



	missingValue
	value that should be set for points falling outside
the src domain, pass None if these should not be touched.


















	
computeWeights(nitermax=100, tolpos=0.01)

	Compute the the interpolation weights


	Parameters

	
	nitermax
	
max number of iterations





	tolpos
	max tolerance when locating destination positions in index space


















	
find(pattern, path)

	




	
getDstGrid()

	Return the destination grid


	Returns

	
	grid
	












	
getIndicesAndWeights(dst_indices)

	Get the indices and weights for a single target location


	Parameters

	
	dst_indices
	
index set on the target grid




_: None







	Returns

	
	[index sets on original grid, weights]
	












	
getNumDstPoints()

	Return the number of points on the destination grid


	Returns

	
	number of points
	












	
getNumValid()

	Return the number of valid destination points. Destination points
falling outside the source domain, more gnerally, points which
could not be located on the source grid, reduce the number of
valid points.


	Returns

	
	number of points
	












	
getPeriodicities()

	Get the periodicity lengths of the coordinates


	Returns

	
	numpy array, values inf indicate no periodicity
	












	
getSrcGrid()

	Return the source grid


	Returns

	
	grid
	












	
setMask(inDataOrMask)

	Set mask array. The mask is defined for nodes


	Parameters

	
	inDataOrMask
	

	cdms2 array or flat mask array,
	0 - valid data
1 - invalid data








_: None



	Note:  this definition is compatible with the numpy masked arrays
	

	Note:  note see setValidMask for the opposite definition
	

	Note:  should be called before computing the weights
	












	
setValidMask(inMask)

	Set valid mask array for the grid


	Parameters

	
	inMask
	

	flat numpy array of type numpy.int32 or a valid cdms2 variable with its mask set.
	0 - invalid, 1 - valid data








_: None



	Note:  This must be invoked before computing the weights, the mask is a property of the grid (not the data).
	
















	
catchError(status, lineno)

	




	
checkForCoordCut(coords, dims)

	Look for a cut in a coordinate system (e.g. tri-polar grid)
Assume latitude is next to last coordinate and longitude is last coordinate!!!


	Parameters

	
	coords
	
input coordinates





	dims
	input dimensions











	Returns

	
	True for cut found
	False for no cut














	
getTensorProduct(axis, dim, dims)

	Convert an axis into a curvilinear coordinate by applying
a tensor product


	Parameters

	
	axis
	
1D array of coordinates





	dim
	dimensional index of the above coordinate



	dims
	sizes of all coordinates











	Returns

	
	coordinate values obtained by tensor product
	












	
handleCoordsCut(coords, dims, bounds)

	Generate connectivity across a cut. e.g. from a tri-polar grid.
Assume latitude is next to last coordinate and longitude is last coordinate!!!


	Parameters

	
	coords
	
input coordinates list of rank





	dims
	input dimensions



	bounds
	boundaries for each coordinate











	Returns

	
	extended coordinates such that there is an extra row containing connectivity information across the cut
	












	
makeCoordsCyclic(coords, dims)

	Make coordinates cyclic


	Parameters

	
	coords
	
input coordinates





	dims
	input dimensions











	Returns

	
	new, extended coordinates such that the longitudes cover the sphere and new dimensions
	












	
makeCurvilinear(coords)

	Turn a mixture of axes and curvilinear coordinates into
full curvilinear coordinates


	Parameters

	
	coords
	
list of coordinates




_: None







	Returns

	
	new list of coordinates and associated dimensions
	












	
test()

	




	
testHandleCut()

	




	
testMakeCyclic()

	




	
testMasking()

	






regrid2.gs_horizontal module




regrid2.horizontal module


	
class Horizontal(ingrid, outgrid)

	Bases: object






	
class Regridder(ingrid, outgrid)

	Bases: regrid2.horizontal.Horizontal






	
extractBounds(bounds)

	




	
input_mask(ain, type, mask, missing=None)

	set up the input mask including missing from ain








regrid2.mvESMFRegrid module

ESMF regridding class


	
class ESMFRegrid(srcGridshape, dstGridshape, dtype, regridMethod, staggerLoc, periodicity, coordSys, srcGridMask=None, hasSrcBounds=False, srcGridAreas=None, dstGridMask=None, hasDstBounds=False, dstGridAreas=None, ignoreDegenerate=False, **args)

	Bases: regrid2.mvGenericRegrid.GenericRegrid



	Regrid class for ESMF
	Constructor









	Parameters

	
	srcGridShape
	
tuple source grid shape





	dstGridShape
	tuple destination grid shape



	dtype
	a valid numpy data type for the src/dst data



	regridMethod
	‘linear’, ‘conserve’, or ‘patch’



	staggerLoc
	the staggering of the field, ‘center’ or ‘corner’



	periodicity
	0 (no periodicity),
1 (last coordinate is periodic,
2 (both coordinates are periodic)



	coordSys
	‘deg’, ‘cart’, or ‘rad’



	hasSrcBounds
	tuple source bounds shape



	hasDstBounds
	tuple destination bounds shape



	ignoreDegenerate
	Ignore degenerate celss when checking inputs














	
apply(srcData, dstData, rootPe, globalIndexing=False, **args)

	Regrid source to destination.
When used in parallel, if the processor is not the root processor,
the dstData returns None.

Source data mask:



	If you provide srcDataMask in args the source grid will be
masked and weights will be recomputed.


	Subsequently, if you do not provide a srcDataMask the last weights will
be used to regrid the source data array.


	By default, only the data are masked, but not the grid.








	Parameters

	
	srcDataarray source data, shape should cover entire global index space
	

	dstDataarray destination data, shape should cover entire global index space
	

	rootPeif other than None, then data will be MPI gathered on the specified rootPe processor
	

	globalIndexingif True array was allocated over global index space, otherwise array was
	allocated over local index space on this processor. This is only relevant
if rootPe is None



	args
	












	
computeWeights(**args)

	Compute interpolation weights


	Parameters

	
	args(not used)
	












	
fillInDiagnosticData(diag, rootPe)

	Fill in diagnostic data


	Parameters

	
	diaga dictionary whose entries, if present, will be filled valid
	entries are: ‘srcAreaFractions’, ‘dstAreaFractions’, srcAreas’, ‘dstAreas’



	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
	












	
getDstAreaFractions(rootPe)

	Get the destination grid area fractions


	Parameters

	
	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
	





	Returns

	
	fractional areas or None (if non-conservative)
	












	
getDstAreas(rootPe)

	Get the destination grid cell areas


	Parameters

	
	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
	





	Returns

	
	areas or None if non-conservative interpolation
	












	
getDstGrid()

	Get the destination grid on this processor


	Returns

	
	grid
	












	
getDstLocalShape(staggerLoc)

	Get the local destination coordinate/data shape (may be different on each processor)


	Parameters

	
	staggerLoc(e.g. ‘center’ or ‘corner’)
	





	Returns

	
	tuple
	












	
getDstLocalSlab(staggerLoc)

	Get the destination local slab (ellipsis). You can use this to grab the data local to this
processor


	Parameters

	
	staggerLoc(e.g. ‘center’)
	





	Returns

	
	tuple of slices
	












	
getSrcAreaFractions(rootPe)

	Get the source grid area fractions


	Parameters

	
	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
	





	Returns

	
	fractional areas or None (if non-conservative)
	












	
getSrcAreas(rootPe)

	Get the source grid cell areas


	Parameters

	
	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
	





	Returns

	
	areas or None if non-conservative interpolation
	












	
getSrcLocalShape(staggerLoc)

	Get the local source coordinate/data shape (may be different on each processor)


	Parameters

	
	staggerLoc(e.g. ‘center’ or ‘corner’)
	





	Returns

	
	tuple
	












	
getSrcLocalSlab(staggerLoc)

	Get the destination local slab (ellipsis). You can use this to grab the data
local to this processor


	Parameters

	
	staggerLoc(e.g. ‘center’):
	





	Returns

	
	tuple of slices
	












	
setCoords(srcGrid, dstGrid, srcGridMask=None, srcBounds=None, srcGridAreas=None, dstGridMask=None, dstBounds=None, dstGridAreas=None, globalIndexing=False, **args)

	Populator of grids, bounds and masks


	Parameters

	
	srcGridlist [[z], y, x] of source grid arrays
	

	dstGridlist [[z], y, x] of dstination grid arrays
	

	srcGridMasklist [[z], y, x] of arrays
	

	srcBoundslist [[z], y, x] of arrays
	

	srcGridAreaslist [[z], y, x] of arrays
	

	dstGridMasklist [[z], y, x] of array
	

	dstBoundslist [[z], y, x] of arrays
	

	dstGridAreaslist [[z], y, x] of arrays
	

	globalIndexingif True array was allocated over global index space,
	otherwise array was allocated over local index space on
this processor. This is only relevant if rootPe is None




















regrid2.mvGenericRegrid module

Generic interface to multiple regrid classes. No dependence on cdms2 variables.


	
class GenericRegrid(srcGrid, dstGrid, dtype, regridMethod, regridTool, srcGridMask=None, srcBounds=None, srcGridAreas=None, dstGridMask=None, dstBounds=None, dstGridAreas=None, **args)

	Bases: object

Generic Regrid class.

Constructor


	Parameters

	
	srcGridlist of numpy arrays, source horizontal coordinates
	
	dstGrid
	list of numpy arrays, destination horizontal coordinate



	dtype
	numpy data type for src/dst data



	regridMethod
	linear (bi, tri,…) default or conservative



	regridTool
	currently either ‘libcf’ or ‘esmf’



	srcGridMask
	array of same shape as srcGrid



	srcBounds
	list of numpy arrays of same shape as srcGrid



	srcGridAreas
	array of same shape as srcGrid



	dstGridMask
	array of same shape as dstGrid



	dstBounds
	list of numpy arrays of same shape as dstGrid



	dstGridAreas
	array of same shape as dstGrid



	**args
	
	additional arguments to be passed to the specific tool
	libcf’: mkCyclic={True, False}, handleCut={True,False}
‘esmf’: periodicity={0,1}, coordSys={‘deg’, ‘cart’}, …


















	
apply(srcData, dstData, rootPe=None, missingValue=None, **args)

	Regrid source to destination


	Parameters

	
	srcDataarray (input)
	

	dstDataarray (output)
	

	rootPeif other than None, then results will be MPI gathered
	

	missingValueif not None, then data mask will be interpolated
	and data value set to missingValue when masked














	
computeWeights(**args)

	Compute Weights






	
fillInDiagnosticData(diag, rootPe=None)

	Fill in diagnostic data


	Parameters

	
	diaga dictionary whose entries, if present, will be filled entries are tool dependent
	

	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
	












	
getDstGrid()

	Return the destination grid, may be different from the dst grid provided
to the constructor due to domain decomposition


	Returns

	
	local grid on this processor
	
















	
guessPeriodicity(srcBounds)

	Guess if a src grid is periodic


	Parameters

	
	srcBoundsthe nodal src set of coordinates
	





	Returns

	
	1 if periodic, warp around, 0 otherwise
	














regrid2.mvLibCFRegrid module

LibCF regridding class


	
class LibCFRegrid(srcGrid, dstGrid, srcGridMask=None, srcBounds=None, **args)

	Bases: regrid2.mvGenericRegrid.GenericRegrid


	
apply(srcData, dstData, missingValue=None, **args)

	Regrid source to destination


	Parameters

	
	srcData :
	array (input)



	dstData :
	array (output)



	missingValue :
	value that should be set for points falling outside
the src domain, pass None if these should not be touched.














	
computeWeights(**args)

	Compute interpolation weights


	Parameters

	
	**args arguments to be passed to gsRegrid, e.g. nitermax, tolpos, …
	












	
fillInDiagnosticData(diag, rootPe)

	Fill in diagnostic data


	Parameters

	
	diag
	
a dictionary whose entries, if present, will be filled valid entries are: ‘numDstPoints’ and ‘numValid’





	rootPe
	not used


















	
getDstGrid()

	Get the grid of the dst data


	Returns

	
	grid
	












	
getSrcGrid()

	Get the grid of the src data (maybe larger than the dst
grid passed to the constructor due to column/row padding)


	Returns

	
	grid
	


















regrid2.mytest module




regrid2.pressure module


	
class PressureRegridder(axisIn, axisOut)

	Bases: object


	PURPOSE: To perform all the tasks required to regrid the input data into the ouput data along
	the pressure dimension only.



	PROCEDURE:
	
	Step One:
	Make an instance of class PressureRegridder passing it input and output grid information



	Step Two:
	Pass the input data with some descriptive parameters and get the output data
in return










	
rgrd(dataIn, missingValueIn, missingMatch, logYes='yes', positionIn=None, missingValueOut=None)

	To perform all the tasks required to regrid the input data, dataIn, into the ouput data,
dataout along the level dimension only.


	Parameters

	
	dataIndata to regrid
	

	missingValueInthe missing data value to use in setting missing in the mask. It is required.
	
	None – there is no missing data


	A number – if  the value to use in the search for possible missing data.
The presence of missing data at a grid point leads to recording 0.0 in the mask.






	missingMatchthe comparison scheme used in searching for missing data in dataIn using the value
	

	passed in as missingValueIn.
	
	None – used if None is the entry for missingValueIn


	exact – used if missingValue is the exact value from the file


	greater – the missing data value is equal to or greater than missingValueIn


	less – the missing data value is equal to or less than missingValueIn






	logYeschoose the level regrid as linear in log of level or linear in level.
	
	Set to ‘yes’ for log. Anything else is linear in level.






	positionIna tuple with the numerical position of the dimensions
	
	in C or Python order specified in the sequence longitude, latitude,
level and time. Longitude and Latitude are required. If time is missing submit None in its
slot in the tuple. Notice that the length of the tuple is
always four.

Explicitly, in terms of the shape of dataIn as returned by python’s shape function

positionIn[0] contains the position of longitude in dataIn
positionIn[1] contains the position of latitude in dataIn
positionIn[2] contains the position of level in dataIn or None
positionIn[3] contains the position of time in dataIn or None


	If the c order shape of 4D data is
	
	(number of longitudes, number of times, number of levels, number of latitudes)






	submit
	
	(0, 3, 2, 1).






	If the c order shape of 3D data is
	
	(number of longitudes, number of times, number of latitudes)






	submit
	
	(0, 2, 1, None).








Send in None if the shape is a subset of (time, level, latitude, longitude) which is evaluated
as follows:



	3D – code assumes (2,1,0,None)


	4D – code assumes (3,2,1,0)













	missingValueOutthe value for the missing data used in writing the output data.
	
	If left at the default entry, None, the code uses missingValueIn


	If present or as a last resort 1.0e20










	Returns

	
	dataOutthe regridded data
	
















	
checkorder(positionIn)

	
Purpose :


construct the tuples for transposing the data to standard dimension
order and the inverse for transposing it back to the original dimension order




Usage :


newOrder, inverseOrder = checkorder(positionIn)




Passed :


positionIn – array with location of longitude, latitude. level and time
respectively in the sense of the python shape of the data








	Returns

	
	newOrdertuple to transpose data to the order (t,z,y,x)
	

	inverseOrdertuple to transpose data to back to the original order
	












	
sendmsg(msg, value1=None, value2=None)

	Purpose :


send the same message to the screen




Passed :


msg - the string

value - the number associated with the string





	Returns

	
	return
	














regrid2.scrip module


	
class BicubicRegridder(outputGrid, remapMatrix, sourceAddress, destAddress, inputGrid=None, sourceFrac=None, destFrac=None)

	Bases: regrid2.scrip.ScripRegridder

Bicubic regrid.


	Parameters

	
	gradLat:
	
df/di





	gradLon:
	df/dj



	gradLatlon:
	d(df)/(di)(dj)


















	
class BilinearRegridder(outputGrid, remapMatrix, sourceAddress, destAddress, inputGrid=None, sourceFrac=None, destFrac=None)

	Bases: regrid2.scrip.ScripRegridder


	
regrid(input)

	








	
class ConservativeRegridder(outputGrid, remapMatrix, sourceAddress, destAddress, inputGrid=None, sourceFrac=None, destFrac=None, normalize='fracarea', normal=None, sourceArea=None, destArea=None)

	Bases: regrid2.scrip.ScripRegridder

First-order conservative regrid.


By default, the normalize option =”fracarea”, and array ‘normal’ is not specified.


If ‘normal’ is specified, it should be a one-dimensional array of the same length
as the output grid size, with values:


1.0 for normalize=”fracarea”,

grid_frac for normalize=”destarea”, or

grid_frac*grid_area for normalize=”none”.











	Parameters

	
	sourceArea
	
is the area of the source grid cells




destArea


is the area of the destination grid cells













	
getDestinationArea()

	




	
getSourceArea()

	




	
regrid(input)

	call regridder










	
class DistwgtRegridder(outputGrid, remapMatrix, sourceAddress, destAddress, inputGrid=None, sourceFrac=None, destFrac=None)

	Bases: regrid2.scrip.ScripRegridder


	
regrid(input)

	








	
class ScripRegridder(outputGrid, remapMatrix, sourceAddress, destAddress, inputGrid=None, sourceFrac=None, destFrac=None)

	Bases: object


	
getDestinationFraction()

	




	
getInputGrid()

	




	
getOutputGrid()

	




	
getSourceFraction()

	








	
readRegridder(fileobj, mapMethod=None, checkGrid=1)

	Read a regridder from an open fileobj.


	Parameters

	
	mapMethodis one of “conservative”, “bilinear”, “bicubic”, or “distwgt”.
	If unspecified, it defaults to the method defined in the file.

If ‘checkGrid’ is 1 (default), the grid cells are checked for convexity,
and ‘repaired’ if necessary.
















Module contents

Interface to regridding facilities
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	esgfConnectionException

	



	esgfDatasetException

	



	esgfFilesException

	



	FacetConnection([host])

	



	FacetConnection.get_xmlelement([facet_param])

	



	FacetConnection.make_facet_dict(xmlelement)

	



	FacetConnection.get_xmlelement_count([…])

	



	FacetConnection.make_facet_dict_count(xmlelement)

	



	esgfConnection(host[, port, timeout, limit, …])

	



	esgfConnection.generateRequest([stringType])

	



	esgfConnection.request(**keys)

	



	esgfConnection.extractTag(f)

	



	esgfConnection.searchDatasets(**keys)

	



	esgfDataset([host, port, limit, offset, …])

	



	esgfDataset.info()

	



	esgfDataset.clearWebCache()

	



	esgfDataset.saveCache([target])

	



	esgfDataset.loadCache(source)

	



	esgfDataset.clearOriginalQueryCache()

	



	esgfDataset.clear()

	



	esgfDataset.search(**keys)

	



	esgfFiles(files, parent[, mapping, …])

	



	esgfFiles.getMapping()

	



	esgfFiles.getMappingKeys()

	



	esgfFiles.setMapping(mapping)

	



	esgfFiles.remap([mapping, verbose])

	



	esgfFile(**keys)
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	readRegridder(fileobj[, mapMethod, checkGrid])

	Read a regridder from an open fileobj.
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	Selector(*args, **kwargs)

	Selector class



	Selector.components()

	List of selector components, each an instance of SelectorComponent.



	Selector.refine(*args, **kwargs)

	Add components to this selector using the same syntax as the constructor.



	Selector.clone()

	Makes a copy of this Selector.



	Selector.select(variable, *args, **kwargs)

	Extract the selection from a variable.



	SelectorComponent()

	Base class representing selection for a given set of axes.



	SelectorComponent.specify(slab, axes, …)

	Refine the specification suitable for slab.subRegion Set confined_by to yourself for each axis you confine.



	SelectorComponent.specifyGrid(var, grid, specs)

	Refine the specification suitable for grid.intersect().



	SelectorComponent.post(fetched, slab, axes, …)

	Post-process fetched if desired, return new value.



	axisComponent(id, spec)

	A SelectorComponent that confines exactly one axis or coordinate dimension (e.g.



	axisComponent.specify(slab, axes, …)

	Do specification for axis self.id; skip if axis not present.



	coordinateComponent(id, spec)

	A SelectorComponent that confines exactly one coordinate dimension (e.g., latitude)



	coordinateComponent.specifyGrid(var, grid, specs)

	Determine if this component confines the grid, and if so set the specs and return 1



	requiredComponent(ids)

	Checks to see that a specific id axis must be present.



	requiredComponent.specify(slab, axes, …)

	Doesn’t confine but checks for existance



	indexComponent(id[, start, stop, stride])

	An axisComponent that confines exactly one axis by specifying indices.



	indexedComponent(index, value)

	A SelectorComponent that confines exactly one axis whose index is given.



	indexedComponent.specify(slab, axes, …)

	Do the specification for axis whose index is self.index.



	positionalComponent(v)

	A SelectorComponent that confines the next axis available.



	positionalComponent.specify(slab, axes, …)

	Find the next unconfined axis and confine it.
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	Slab.getattribute(name)

	Get the attribute name.



	Slab.setattribute(name, value)

	Set the attribute name to value.



	Slab.createattribute(name, value)

	Create an attribute and set its name to value.



	Slab.deleteattribute(name)

	Delete the named attribute.



	Slab.listattributes()

	Return a list of attribute names.



	Slab.listdimattributes(dim)

	List the legal axis field names.



	Slab.getdimattribute(dim, field)

	Get the attribute named field from the dim’th dimension.



	Slab.showdim()

	Show the dimension attributes and values.



	Slab.listdimnames()

	Return a list of the names of the dimensions.



	Slab.listall([all])

	Get list of info about this slab.



	Slab.info([flag, device])

	Write info about slab; include dimension values and weights if flag



	cdms_bounds2cu_bounds(b)

	Bounds are  len(v) by 2 in cdms but len(v)+1 in cu
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	asVariable(s[, writeable])

	As Variable



	createAxis(data[, bounds, id, copy, …])

	Creates an axis.



	createRectGrid(lat, lon[, order, type, mask])

	Not documented



	createVariable(*args, **kargs)

	Creates variable in-memory.



	fromJSON(jsn)

	Recreate a TV from a dumped jsn object from dumps()



	isVariable(s)

	Is s a variable?



	sctype2char(sctype)

	Return the string representation of a scalar dtype.



	TransientVariable.all([axis, out, keepdims])

	Returns True if all elements evaluate to True.



	TransientVariable.anom([axis, dtype])

	Compute the anomalies (deviations from the arithmetic mean) along the given axis.



	TransientVariable.any([axis, out, keepdims])

	Returns True if any of the elements of a evaluate to True.



	TransientVariable.argmax([axis, fill_value, out])

	Returns array of indices of the maximum values along the given axis.



	TransientVariable.argmin([axis, fill_value, out])

	Return array of indices to the minimum values along the given axis.



	TransientVariable.argsort([axis, kind, …])

	Return an ndarray of indices that sort the array along the specified axis.



	TransientVariable.asma()

	Convert a Transient Variable into a numpy masked array.



	TransientVariable.astype(tc)

	return self as array of given type.



	TransientVariable.clip([min, max, out])

	Return an array whose values are limited to [min, max].



	TransientVariable.clone([copyData])

	Clone



	TransientVariable.compressed()

	Return all the non-masked data as a 1-D array.



	TransientVariable.compress(condition[, …])

	Return a where condition is True.



	TransientVariable.copyAxis(n, axis)

	Set n axis of self to a copy of axis.



	TransientVariable.copydimension(idim, other, …)

	Set idim dimension of self to variable other’s jdim’th This is for old cu compatibility.



	TransientVariable.copyDomain(other)

	Set the axes and grid by copying variable other.



	TransientVariable.count([axis, keepdims])

	Count the non-masked elements of the array along the given axis.



	TransientVariable.createattribute(name, value)

	Create an attribute and set its name to value.



	TransientVariable.crossSectionRegrid(…[, …])

	Return the variable regridded to new pressure levels and latitudes.



	TransientVariable.cumprod([axis, dtype, out])

	Return the cumulative product of the array elements over the given axis.



	TransientVariable.cumsum([axis, dtype, out])

	Return the cumulative sum of the array elements over the given axis.



	TransientVariable.decode(ar)

	Decode compressed data.



	TransientVariable.deleteattribute(name)

	Delete the named attribute.



	TransientVariable.diagonal([offset, axis1, …])

	Return specified diagonals.



	TransientVariable.dot(b[, out])

	Masked dot product of two arrays.



	TransientVariable.dump(file)

	Dump a pickle of the array to the specified file.



	TransientVariable.dumps(*args, **kargs)

	Dumps Variable to a jason object, args are passed directly to json.dump



	TransientVariable.exposeHalo([ghostWidth])

	Expose the halo to other processors.



	TransientVariable.fetchHaloData(pe, side)

	Fetch the halo data from another processor.



	TransientVariable.filled([fill_value])

	Return a copy of self, with masked values filled with a given value.



	TransientVariable.flatten([order])

	Return a copy of the array collapsed into one dimension.



	TransientVariable.freeHalo()

	Free the MPI windows attached to the halo.



	TransientVariable.generateGridkey(…)

	Determine if the variable is gridded.



	TransientVariable.generateRectGridkey(lat, lon)

	Determine if the variable is gridded, rectilinear.



	TransientVariable.getattribute(name)

	Get the attribute name.



	TransientVariable.getAxisIds()

	Get a list of axis identifiers.



	TransientVariable.getAxisIndex(axis_spec)

	Get the index of the axis specificed by axis_spec.



	TransientVariable.getAxisListIndex([axes, …])

	Get Axis List Index



	TransientVariable.getAxisList([axes, omit, …])

	Get the list of axis objects



	TransientVariable.getConvention()

	Get the metadata convention associated with this object.



	TransientVariable.getdimattribute(dim, field)

	Get the attribute named field from the dim’th dimension.



	TransientVariable.get_fill_value()

	The filling value of the masked array is a scalar.



	TransientVariable.getForecastTime()

	Get the first forecast time dimension.



	TransientVariable.getGridIndices()

	Get Grid Indices



	TransientVariable.getHaloEllipsis(side)

	Get the ellipsis for a given halo side.



	TransientVariable.get_imag()

	The imaginary part of the masked array.



	TransientVariable.getLatitude()

	Get the first latitude dimension.



	TransientVariable.getLevel()

	Get the first vertical level dimension in the domain.



	TransientVariable.getLongitude()

	Get the first longitude dimension.



	TransientVariable.getMissing([asarray])

	Get Missing



	TransientVariable.getMPIRank()

	Return the MPI rank



	TransientVariable.getMPISize()

	Return the MPI communicator size



	TransientVariable.getOrder([ids])

	Get Order



	TransientVariable.get_real()

	The real part of the masked array.



	TransientVariable.getRegion(*specs, **keys)

	Read a region of data.



	TransientVariable.getSlice(*specs, **keys)

	getSlice takes arguments of the following forms and produces a return array.



	TransientVariable.getTileIndex()

	Get the tile index (for mosaics)



	TransientVariable.getTime()

	Get the first time dimension.



	TransientVariable.harden_mask()

	Force the mask to hard.



	TransientVariable.hasCellData()

	If any of the variable’s axis has explicit bounds, we have cell data otherwise we have point data.



	TransientVariable.ids()

	Return the addresses of the data and mask areas.



	TransientVariable.isEncoded()

	Transient variables are not encoded



	TransientVariable.listall([all])

	Get list of info about this slab.



	TransientVariable.listattributes()

	Return a list of attribute names.



	TransientVariable.listdimattributes(dim)

	List the legal axis field names.



	TransientVariable.listdimnames()

	Return a list of the names of the dimensions.



	TransientVariable.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	TransientVariable.matchPattern(pattern, …)

	Match for a pattern in a string-valued attribute.



	TransientVariable.max([axis, out, …])

	Return the maximum along a given axis.



	TransientVariable.mean([axis, dtype, out, …])

	Returns the average of the array elements along given axis.



	TransientVariable.mini([axis])

	Return the array minimum along the specified axis.



	TransientVariable.min([axis, out, …])

	Return the minimum along a given axis.



	TransientVariable.nonzero()

	Return the indices of unmasked elements that are not zero.



	TransientVariable.pressureRegrid(newLevel[, …])

	Return the variable regridded to new pressure levels.



	TransientVariable.prod([axis, dtype, out, …])

	Return the product of the array elements over the given axis.



	TransientVariable.product([axis, dtype, …])

	Return the product of the array elements over the given axis.



	TransientVariable.ptp([axis, out, …])

	Return (maximum - minimum) along the given dimension (i.e.



	TransientVariable.put(indices, values[, mode])

	Set storage-indexed locations to corresponding values.



	TransientVariable.ravel([order])

	Returns a 1D version of self, as a view.



	TransientVariable.regrid(togrid[, missing, …])

	return self regridded to the new grid.



	TransientVariable.reorder(order)

	Reorder per the specification order.



	TransientVariable.repeat(repeats[, axis])

	Repeat elements of an array.



	TransientVariable.reshape(*s, **kwargs)

	Give a new shape to the array without changing its data.



	TransientVariable.resize(newshape[, …])

	



	TransientVariable.round([decimals, out])

	Return each element rounded to the given number of decimals.



	TransientVariable.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	TransientVariable.searchPattern(pattern, …)

	Search for a pattern in a string-valued attribute.



	TransientVariable.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.



	TransientVariable.select(*args, **kwargs)

	Selection of a subregion using selectors.



	TransientVariable.setattribute(name, value)

	Set the attribute name to value.



	TransientVariable.setAxisList(axislist)

	Set the axes to axislist.



	TransientVariable.setAxis(n, axis[, savegrid])

	Set n axis of self to a copy of axis.



	TransientVariable.setdimattribute(dim, …)

	Set the attribute named field from the dim’th dimension.



	TransientVariable.set_fill_value(value)

	Set missing value attribute and fill value



	TransientVariable.setMaskFromGridMask(mask, …)

	Set the mask for self, given a grid mask and the variable domain indices corresponding to the grid dimensions.



	TransientVariable.setMissing(value)

	Set missing value attribute and fill value



	TransientVariable.setMPIComm(comm)

	Set the MPI communicator.



	TransientVariable.setTileIndex(index)

	Set the tile index (for mosaics) index: tile index



	TransientVariable.showdim()

	Show the dimension attributes and values.



	TransientVariable.shrink_mask()

	Reduce a mask to nomask when possible.



	TransientVariable.soften_mask()

	Force the mask to soft.



	TransientVariable.sort([axis, kind, order, …])

	Sort the array, in-place



	TransientVariable.specs2slices(speclist[, force])

	Create an equivalent list of slices from an index specification.



	TransientVariable.std([axis, dtype, out, …])

	Returns the standard deviation of the array elements along given axis.



	TransientVariable.sum([axis, dtype, out, …])

	Return the sum of the array elements over the given axis.



	TransientVariable.swapaxes(axis1, axis2)

	Return a view of the array with axis1 and axis2 interchanged.



	TransientVariable.take(indices[, axis, out, …])

	



	TransientVariable.tobytes([fill_value, order])

	Return the array data as a string containing the raw bytes in the array.



	TransientVariable.tofile(fid[, sep, format])

	Save a masked array to a file in binary format.



	TransientVariable.toflex()

	Transforms a masked array into a flexible-type array.



	TransientVariable.tolist([fill_value])

	Return the data portion of the masked array as a hierarchical Python list.



	TransientVariable.torecords()

	Transforms a masked array into a flexible-type array.



	TransientVariable.tostring([fill_value, order])

	A compatibility alias for tobytes, with exactly the same behavior.



	TransientVariable.toVisit(filename[, …])

	Save data to file for postprocessing by the VisIt visualization tool filename: name of the file where the data will be saved format: ‘Vs’ for VizSchema, ‘VTK’ for VTK, .



	TransientVariable.trace([offset, axis1, …])

	Return the sum along diagonals of the array.



	TransientVariable.transpose(*axes)

	Returns a view of the array with axes transposed.



	TransientVariable.unshare_mask()

	Copy the mask and set the sharedmask flag to False.



	TransientVariable.view([dtype, type, fill_value])

	Return a view of the MaskedArray data.
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	DatasetVariable.astype(tc)

	return self as array of given type.



	DatasetVariable.createattribute(name, value)

	Create an attribute and set its name to value.



	DatasetVariable.crossSectionRegrid(newLevel, …)

	Return the variable regridded to new pressure levels and latitudes.



	DatasetVariable.decode(ar)

	Decode compressed data.



	DatasetVariable.deleteattribute(name)

	Delete the named attribute.



	DatasetVariable.expertPaths(slist)

	Expert Paths



	DatasetVariable.generateGridkey(convention, …)

	Determine if the variable is gridded.



	DatasetVariable.generateRectGridkey(lat, lon)

	Determine if the variable is gridded, rectilinear.



	DatasetVariable.genMatch(axis, interval, …)

	Helper function for expertPaths.



	DatasetVariable.getattribute(name)

	Get the attribute name.



	DatasetVariable.getAxisIds()

	Get a list of axis identifiers.



	DatasetVariable.getAxisIndex(axis_spec)

	Get the index of the axis specificed by axis_spec.



	DatasetVariable.getAxisListIndex([axes, …])

	Get Axis List Index



	DatasetVariable.getAxisList([axes, omit, order])

	Get the list of axis objects



	DatasetVariable.getConvention()

	Get the metadata convention associated with this object.



	DatasetVariable.getdimattribute(dim, field)

	Get the attribute named field from the dim’th dimension.



	DatasetVariable.getFilePath(matchnames, template)

	Lookup or generate the file path, depending on whether a filemap or template is present.



	DatasetVariable.getForecastTime()

	Get the first forecast time dimension.



	DatasetVariable.getGridIndices()

	Get Grid Indices



	DatasetVariable.getLatitude()

	Get the first latitude dimension.



	DatasetVariable.getLevel()

	Get the first vertical level dimension in the domain.



	DatasetVariable.getLongitude()

	Get the first longitude dimension.



	DatasetVariable.getMissing([asarray])

	Get Missing



	DatasetVariable.getOrder([ids])

	Get Order



	DatasetVariable.getPartition(axis)

	Get the partition attribute for this variable, axis.



	DatasetVariable.getRegion(*specs, **keys)

	Read a region of data.



	DatasetVariable.getSlice(*specs, **keys)

	getSlice takes arguments of the following forms and produces a return array.



	DatasetVariable.getTime()

	Get the first time dimension.



	DatasetVariable.getValue([squeeze])

	Return the entire set of values.



	DatasetVariable.hasCellData()

	If any of the variable’s axis has explicit bounds, we have cell data otherwise we have point data.



	DatasetVariable.initDomain(axisdict, griddict)

	Must be called by whoever made this Variable to set up axes, grids.



	DatasetVariable.isEncoded()

	True if self is represented as packed data.



	DatasetVariable.listall([all])

	Get list of info about this slab.



	DatasetVariable.listattributes()

	Return a list of attribute names.



	DatasetVariable.listdimattributes(dim)

	List the legal axis field names.



	DatasetVariable.listdimnames()

	Return a list of the names of the dimensions.



	DatasetVariable.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	DatasetVariable.matchPattern(pattern, …)

	Match for a pattern in a string-valued attribute.



	DatasetVariable.pressureRegrid(newLevel[, …])

	Return the variable regridded to new pressure levels.



	DatasetVariable.regrid(togrid[, missing, …])

	return self regridded to the new grid.



	DatasetVariable.reorder(order)

	Reorder per the specification order.



	DatasetVariable.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which contains the compiled regular expression pattern, or if attname is None and pattern matches at least one string attribute.



	DatasetVariable.searchPattern(pattern, …)

	Search for a pattern in a string-valued attribute.



	DatasetVariable.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.



	DatasetVariable.select(*args, **kwargs)

	Selection of a subregion using selectors.



	DatasetVariable.setattribute(name, value)

	Set the attribute name to value.



	DatasetVariable.setMissing(value)

	Set the missing value.



	DatasetVariable.showdim()

	Show the dimension attributes and values.



	DatasetVariable.size()

	Number of elements.



	DatasetVariable.specs2slices(speclist[, force])

	Create an equivalent list of slices from an index specification.



	getPathFromTemplate(template, matchnames)

	



	lenSlice(aSlice)

	Return the number of values associated with a slice



	reverseSlice(s, size)

	For ‘reversed’ slices (slices with negative stride), return an equivalent slice with positive step.



	sliceIntersect(aSlice, interval)

	



	slicePartition(aSlice, partition)

	



	timeindex(value, units, basetime, delta, …)

	Calculate (t - basetime)/delu
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  All modules for which code is available

	cdms2.CDML

	cdms2.CDMLParser

	cdms2.MV2

	cdms2.avariable

	cdms2.axis

	cdms2.bindex

	cdms2.cdmsNode

	cdms2.cdmsURLopener

	cdms2.cdmsobj

	cdms2.cdscan

	cdms2.cdurllib

	cdms2.cdurlparse

	cdms2.cdxmllib

	cdms2.convention

	cdms2.cudsinterface

	cdms2.database

	cdms2.dataset

	cdms2.forecast

	cdms2.fvariable

	cdms2.gengrid

	cdms2.grid

	cdms2.hgrid

	cdms2.mvBaseWriter

	cdms2.mvCdmsRegrid

	cdms2.slabinterface

	cdms2.sliceut

	cdms2.tvariable

	cdms2.variable

	numpy

	numpy.ma.core


	regrid2.crossSection

	regrid2.error

	regrid2.esmf

	regrid2.gsRegrid

	regrid2.horizontal

	regrid2.mvESMFRegrid

	regrid2.mvGenericRegrid

	regrid2.mvLibCFRegrid

	regrid2.pressure

	regrid2.scrip

	urllib.parse

	urllib.request
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  Source code for numpy

"""
NumPy
=====

Provides
  1. An array object of arbitrary homogeneous items
  2. Fast mathematical operations over arrays
  3. Linear Algebra, Fourier Transforms, Random Number Generation

How to use the documentation
----------------------------
Documentation is available in two forms: docstrings provided
with the code, and a loose standing reference guide, available from
`the NumPy homepage <https://www.scipy.org>`_.

We recommend exploring the docstrings using
`IPython <https://ipython.org>`_, an advanced Python shell with
TAB-completion and introspection capabilities.  See below for further
instructions.

The docstring examples assume that `numpy` has been imported as `np`::

  >>> import numpy as np

Code snippets are indicated by three greater-than signs::

  >>> x = 42
  >>> x = x + 1

Use the built-in ``help`` function to view a function's docstring::

  >>> help(np.sort)
  ... # doctest: +SKIP

For some objects, ``np.info(obj)`` may provide additional help.  This is
particularly true if you see the line "Help on ufunc object:" at the top
of the help() page.  Ufuncs are implemented in C, not Python, for speed.
The native Python help() does not know how to view their help, but our
np.info() function does.

To search for documents containing a keyword, do::

  >>> np.lookfor('keyword')
  ... # doctest: +SKIP

General-purpose documents like a glossary and help on the basic concepts
of numpy are available under the ``doc`` sub-module::

  >>> from numpy import doc
  >>> help(doc)
  ... # doctest: +SKIP

Available subpackages
---------------------
doc
    Topical documentation on broadcasting, indexing, etc.
lib
    Basic functions used by several sub-packages.
random
    Core Random Tools
linalg
    Core Linear Algebra Tools
fft
    Core FFT routines
polynomial
    Polynomial tools
testing
    NumPy testing tools
f2py
    Fortran to Python Interface Generator.
distutils
    Enhancements to distutils with support for
    Fortran compilers support and more.

Utilities
---------
test
    Run numpy unittests
show_config
    Show numpy build configuration
dual
    Overwrite certain functions with high-performance Scipy tools
matlib
    Make everything matrices.
__version__
    NumPy version string

Viewing documentation using IPython
-----------------------------------
Start IPython with the NumPy profile (``ipython -p numpy``), which will
import `numpy` under the alias `np`.  Then, use the ``cpaste`` command to
paste examples into the shell.  To see which functions are available in
`numpy`, type ``np.<TAB>`` (where ``<TAB>`` refers to the TAB key), or use
``np.*cos*?<ENTER>`` (where ``<ENTER>`` refers to the ENTER key) to narrow
down the list.  To view the docstring for a function, use
``np.cos?<ENTER>`` (to view the docstring) and ``np.cos??<ENTER>`` (to view
the source code).

Copies vs. in-place operation
-----------------------------
Most of the functions in `numpy` return a copy of the array argument
(e.g., `np.sort`).  In-place versions of these functions are often
available as array methods, i.e. ``x = np.array([1,2,3]); x.sort()``.
Exceptions to this rule are documented.

"""
import sys
import warnings

from ._globals import ModuleDeprecationWarning, VisibleDeprecationWarning
from ._globals import _NoValue

# We first need to detect if we're being called as part of the numpy setup
# procedure itself in a reliable manner.
try:
    __NUMPY_SETUP__
except NameError:
    __NUMPY_SETUP__ = False

if __NUMPY_SETUP__:
    sys.stderr.write('Running from numpy source directory.\n')
else:
    try:
        from numpy.__config__ import show as show_config
    except ImportError:
        msg = """Error importing numpy: you should not try to import numpy from
        its source directory; please exit the numpy source tree, and relaunch
        your python interpreter from there."""
        raise ImportError(msg)

    from .version import git_revision as __git_revision__
    from .version import version as __version__

    __all__ = ['ModuleDeprecationWarning',
               'VisibleDeprecationWarning']

    # Allow distributors to run custom init code
    from . import _distributor_init

    from . import core
    from .core import *
    from . import compat
    from . import lib
    # NOTE: to be revisited following future namespace cleanup.
    # See gh-14454 and gh-15672 for discussion.
    from .lib import *

    from . import linalg
    from . import fft
    from . import polynomial
    from . import random
    from . import ctypeslib
    from . import ma
    from . import matrixlib as _mat
    from .matrixlib import *

    # Make these accessible from numpy name-space
    # but not imported in from numpy import *
    # TODO[gh-6103]: Deprecate these
    from builtins import bool, int, float, complex, object, str
    from .compat import long, unicode

    from .core import round, abs, max, min
    # now that numpy modules are imported, can initialize limits
    core.getlimits._register_known_types()

    __all__.extend(['__version__', 'show_config'])
    __all__.extend(core.__all__)
    __all__.extend(_mat.__all__)
    __all__.extend(lib.__all__)
    __all__.extend(['linalg', 'fft', 'random', 'ctypeslib', 'ma'])

    # These are added by `from .core import *` and `core.__all__`, but we
    # overwrite them above with builtins we do _not_ want to export.
    __all__.remove('long')
    __all__.remove('unicode')

    # Remove things that are in the numpy.lib but not in the numpy namespace
    # Note that there is a test (numpy/tests/test_public_api.py:test_numpy_namespace)
    # that prevents adding more things to the main namespace by accident.
    # The list below will grow until the `from .lib import *` fixme above is
    # taken care of
    __all__.remove('Arrayterator')
    del Arrayterator

    # Filter out Cython harmless warnings
    warnings.filterwarnings("ignore", message="numpy.dtype size changed")
    warnings.filterwarnings("ignore", message="numpy.ufunc size changed")
    warnings.filterwarnings("ignore", message="numpy.ndarray size changed")

    # oldnumeric and numarray were removed in 1.9. In case some packages import
    # but do not use them, we define them here for backward compatibility.
    oldnumeric = 'removed'
    numarray = 'removed'

    if sys.version_info[:2] >= (3, 7):
        # Importing Tester requires importing all of UnitTest which is not a
        # cheap import Since it is mainly used in test suits, we lazy import it
        # here to save on the order of 10 ms of import time for most users
        #
        # The previous way Tester was imported also had a side effect of adding
        # the full `numpy.testing` namespace
        #
        # module level getattr is only supported in 3.7 onwards
        # https://www.python.org/dev/peps/pep-0562/
        def __getattr__(attr):
            if attr == 'testing':
                import numpy.testing as testing
                return testing
            elif attr == 'Tester':
                from .testing import Tester
                return Tester
            else:
                raise AttributeError("module {!r} has no attribute "
                                     "{!r}".format(__name__, attr))

        def __dir__():
            return list(globals().keys() | {'Tester', 'testing'})

    else:
        # We don't actually use this ourselves anymore, but I'm not 100% sure that
        # no-one else in the world is using it (though I hope not)
        from .testing import Tester

    # Pytest testing
    from numpy._pytesttester import PytestTester
    test = PytestTester(__name__)
    del PytestTester


    def _sanity_check():
        """
        Quick sanity checks for common bugs caused by environment.
        There are some cases e.g. with wrong BLAS ABI that cause wrong
        results under specific runtime conditions that are not necessarily
        achieved during test suite runs, and it is useful to catch those early.

        See https://github.com/numpy/numpy/issues/8577 and other
        similar bug reports.

        """
        try:
            x = ones(2, dtype=float32)
            if not abs(x.dot(x) - 2.0) < 1e-5:
                raise AssertionError()
        except AssertionError:
            msg = ("The current Numpy installation ({!r}) fails to "
                   "pass simple sanity checks. This can be caused for example "
                   "by incorrect BLAS library being linked in, or by mixing "
                   "package managers (pip, conda, apt, ...). Search closed "
                   "numpy issues for similar problems.")
            raise RuntimeError(msg.format(__file__))

    _sanity_check()
    del _sanity_check

    def _mac_os_check():
        """
        Quick Sanity check for Mac OS look for accelerate build bugs.
        Testing numpy polyfit calls init_dgelsd(LAPACK)
        """
        try:
            c = array([3., 2., 1.])
            x = linspace(0, 2, 5)
            y = polyval(c, x)
            _ = polyfit(x, y, 2, cov=True)
        except ValueError:
            pass

    import sys
    if sys.platform == "darwin":
        with warnings.catch_warnings(record=True) as w:
            _mac_os_check()
            # Throw runtime error, if the test failed Check for warning and error_message
            error_message = ""
            if len(w) > 0:
                error_message = "{}: {}".format(w[-1].category.__name__, str(w[-1].message))
                msg = (
                    "Polyfit sanity test emitted a warning, most likely due "
                    "to using a buggy Accelerate backend. "
                    "If you compiled yourself, "
                    "see site.cfg.example for information. "
                    "Otherwise report this to the vendor "
                    "that provided NumPy.\n{}\n".format(
                        error_message))
                raise RuntimeError(msg)
    del _mac_os_check

    # We usually use madvise hugepages support, but on some old kernels it
    # is slow and thus better avoided.
    # Specifically kernel version 4.6 had a bug fix which probably fixed this:
    # https://github.com/torvalds/linux/commit/7cf91a98e607c2f935dbcc177d70011e95b8faff
    import os
    use_hugepage = os.environ.get("NUMPY_MADVISE_HUGEPAGE", None)
    if sys.platform == "linux" and use_hugepage is None:
        # If there is an issue with parsing the kernel version,
        # set use_hugepages to 0. Usage of LooseVersion will handle
        # the kernel version parsing better, but avoided since it
        # will increase the import time. See: #16679 for related discussion.
        try:
            use_hugepage = 1
            kernel_version = os.uname().release.split(".")[:2]
            kernel_version = tuple(int(v) for v in kernel_version)
            if kernel_version < (4, 6):
                use_hugepage = 0
        except ValueError:
            use_hugepages = 0
    elif use_hugepage is None:
        # This is not Linux, so it should not matter, just enable anyway
        use_hugepage = 1
    else:
        use_hugepage = int(use_hugepage)

    # Note that this will currently only make a difference on Linux
    core.multiarray._set_madvise_hugepage(use_hugepage)
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  Source code for cdms2.CDML

"""
CDML Document Type Definition
This defines the CDML language
"""

# DTD constants
Cdata = 1
Id = 2
Idref = 3
Entity = 4
Entities = 5
Nmtoken = 6
Nmtokens = 7
Notation = 8

Required = 1
Implied = 2
Fixed = 3

# Data types

CdUByte = "UByte"
CdUShort = "UShort"
CdUInt = "UInt"
CdULong = "ULong"
CdUInt64 = "UInt64"
CdULongLong = "ULongLong"

CdByte = "Byte"
CdShort = "Short"
CdInt = "Int"
CdLong = "Long"
CdInt64 = "Int64"
CdLongLong = "LongLong"


CdChar = "Char"
CdFloat = "Float"
CdDouble = "Double"
CdString = "String"
CdFromObject = "FromObject"             # Datatype is same as parent object
CdAny = "Any"                           # Unspecified datatype

CdScalar = "Scalar"
CdArray = "Array"

# Note: at some point, this should be created dynamically
# from the XML DTD file. For now, it is built statically.


[docs]class CDML:

    cache = {}
    extraCache = {}

    def __init__(self, uri=None):
        self.dtd = self.cache.get(uri)
        self.extra = self.extraCache.get(uri)
        if not self.dtd:
            self.dtd = self.buildDTD(uri)
            self.cache[uri] = self.dtd
            self.extra = self.buildExtra(uri)
            self.extraCache[uri] = self.extra

[docs]    def buildDTD(self, uri):
        dtd = {}
        dtd['attr'] = {
            'name': (Cdata, Required),
            'datatype': (("Char", "Byte", "Short", "Int", "Long", "Int64", "Float", "Double", "String"), Required),
        }
        dtd['axis'] = {
            'id': (Id, Required),
            'associate': (Idref, Implied),
            'axis': (("X", "Y", "Z", "T"), Implied),
            'bounds': (Idref, Implied),
            'calendar': (Cdata, Implied),
            'comment': (Cdata, Implied),
            'component': (Cdata, Implied),
            'compress': (Cdata, Implied),
            'datatype': (("Char", "Byte", "Short", "Int", "Long", "Int64", "Float", "Double", "String"), Required),
            'expand': (Idref, Implied),
            'interval': (Cdata, Implied),
            'isvar': (("true", "false"), "true"),
            'length': (Cdata, Required),
            'long_name': (Cdata, Implied),
            'modulo': (Cdata, Implied),
            'name_in_file': (Cdata, Implied),
            'partition': (Cdata, Implied),
            'partition_length': (Cdata, Implied),
            'positive': (("up", "down"), Implied),
            'spacing': (("uniform", "variable", "disjoint"), Implied),
            'topology': (("linear", "circular"), Implied),
            'weights': (Idref, Implied),
            'units': (Cdata, Required),
        }
        dtd['component'] = {
            'name': (Idref, Required),
        }
        dtd['dataset'] = {
            'id': (Id, Required),
            'Conventions': (Cdata, Required),
            'appendices': (Cdata, Implied),
            'calendar': (Cdata, Implied),
            'cdms_filemap': (Cdata, Implied),
            'comment': (Cdata, Implied),
            'directory': (Cdata, Implied),
            'frequency': (Cdata, Implied),
            'history': (Cdata, Implied),
            'institution': (Cdata, Implied),
            'production': (Cdata, Implied),
            'project': (Cdata, Implied),
            'template': (Cdata, Implied),
        }
        dtd['doclink'] = {
            'id': (Id, Implied),
            'xml:link': (Cdata, (Fixed, "simple")),
            'href': (Cdata, Required),
            'role': (Cdata, Implied),
            'title': (Cdata, Implied),
            'show': (("embed", "replace", "new"), "replace"),
            'actuate': (("auto", "user"), Implied),
            'behavior': (Cdata, Implied),
            'content-role': (Cdata, Implied),
            'content-title': (Cdata, Implied),
            'inline': (("true", "false"), "true"),
        }
        dtd['domain'] = {}
        dtd['domElem'] = {
            'name': (Idref, Required),
            'length': (Cdata, Implied),
            'partition_length': (Cdata, Implied),
            'start': (Cdata, Implied),
        }
        dtd['rectGrid'] = {
            'id': (Id, Required),
            'type': (("gaussian", "uniform", "equalarea", "unknown"), "unknown"),
            'latitude': (Idref, Required),
            'longitude': (Idref, Required),
            'mask': (Idref, Implied),
            'order': (("xy", "yx"), "yx"),
        }
        dtd['linear'] = {
            'delta': (Cdata, Required),
            'length': (Cdata, Required),
            'start': (Cdata, Required),
        }
        dtd['variable'] = {
            'id': (Id, Required),
            'add_offset': (Cdata, Implied),
            'associate': (Cdata, Implied),
            'axis': (Cdata, Implied),
            'comments': (Cdata, Implied),
            'datatype': (("Char", "Byte", "Short", "Int", "Long", "Int64", "Float", "Double", "String"), Required),
            'grid_name': (Cdata, Implied),
            'grid_type': (Cdata, Implied),
            'long_name': (Cdata, Implied),
            'missing_value': (Cdata, Implied),
            'name_in_file': (Cdata, Implied),
            'scale_factor': (Cdata, Implied),
            'subgrid': (Cdata, Implied),
            'template': (Cdata, Implied),
            'units': (Cdata, Implied),
            'valid_max': (Cdata, Implied),
            'valid_min': (Cdata, Implied),
            'valid_range': (Cdata, Implied),
        }
        dtd['xlink'] = {
            'id': (Id, Implied),
            'xml:link': (Cdata, (Fixed, "simple")),
            'href': (Cdata, Required),
            'role': (Cdata, Implied),
            'title': (Cdata, Implied),
            'show': (("embed", "replace", "new"), "embed"),
            'actuate': (("auto", "user"), Implied),
            'behavior': (Cdata, Implied),
            'content-role': (("dataset", "axis", "grid", "variable", "object"), "object"),
            'content-title': (Cdata, Implied),
            'inline': (("true", "false"), "true"),
        }
        return dtd


    # Extra datatype information not included in the formal DTD.
[docs]    def buildExtra(self, uri):
        extra = {}
        extra['attr'] = {
            'name': (CdScalar, CdString),
            'datatype': (CdScalar, CdString),
        }
        extra['axis'] = {
            'id': (CdScalar, CdString),
            'associate': (CdScalar, CdString),
            'axis': (CdScalar, CdString),
            'bounds': (CdArray, CdFromObject),
            'calendar': (CdScalar, CdString),
            'comment': (CdScalar, CdString),
            'component': (CdScalar, CdString),
            'compress': (CdScalar, CdString),
            'datatype': (CdScalar, CdString),
            'expand': (CdScalar, CdString),
            'interval': (CdScalar, CdFromObject),
            'isvar': (CdScalar, CdString),
            'length': (CdScalar, CdInt),
            'long_name': (CdScalar, CdString),
            'modulo': (CdScalar, CdAny),
            'name_in_file': (CdScalar, CdString),
            'partition': (CdArray, CdInt),
            'partition_length': (CdScalar, CdInt),
            'positive': (CdScalar, CdString),
            'spacing': (CdScalar, CdFromObject),
            'topology': (CdScalar, CdString),
            'weights': (CdArray, CdDouble),
            'units': (CdScalar, CdString),
        }
        extra['component'] = {
            'name': (CdScalar, CdString),
        }
        extra['dataset'] = {
            'id': (CdScalar, CdString),
            'Conventions': (CdScalar, CdString),
            'appendices': (CdScalar, CdString),
            'calendar': (CdScalar, CdString),
            'cdms_filemap': (CdScalar, CdString),
            'comment': (CdScalar, CdString),
            'directory': (CdScalar, CdString),
            'frequency': (CdScalar, CdString),
            'history': (CdScalar, CdString),
            'institution': (CdScalar, CdString),
            'production': (CdScalar, CdString),
            'project': (CdScalar, CdString),
            'template': (CdScalar, CdString),
        }
        extra['doclink'] = {
            'id': (CdScalar, CdString),
            'xml:link': (CdScalar, CdString),
            'href': (CdScalar, CdString),
            'role': (CdScalar, CdString),
            'title': (CdScalar, CdString),
            'show': (CdScalar, CdString),
            'actuate': (CdScalar, CdString),
            'behavior': (CdScalar, CdString),
            'content-role': (CdScalar, CdString),
            'content-title': (CdScalar, CdString),
            'inline': (CdScalar, CdString),
        }
        extra['domain'] = {}
        extra['domElem'] = {
            'name': (CdScalar, CdString),
            'length': (CdScalar, CdInt),
            'partition_length': (CdScalar, CdInt),
            'start': (CdScalar, CdInt),
        }
        extra['rectGrid'] = {
            'id': (CdScalar, CdString),
            'type': (CdScalar, CdString),
            'latitude': (CdScalar, CdString),
            'longitude': (CdScalar, CdString),
            'mask': (CdScalar, CdString),
            'order': (CdScalar, CdString),
        }
        extra['linear'] = {
            'delta': (CdScalar, CdFromObject),
            'length': (CdScalar, CdInt),
            'start': (CdScalar, CdInt),
        }
        extra['variable'] = {
            'id': (CdScalar, CdString),
            'add_offset': (CdScalar, CdDouble),
            'associate': (CdScalar, CdString),
            'axis': (CdScalar, CdString),
            'comments': (CdScalar, CdString),
            'datatype': (CdScalar, CdString),
            'grid_name': (CdScalar, CdString),
            'grid_type': (CdScalar, CdString),
            'long_name': (CdScalar, CdString),
            'missing_value': (CdScalar, CdFromObject),
            'name_in_file': (CdScalar, CdString),
            'scale_factor': (CdScalar, CdDouble),
            'subgrid': (CdScalar, CdString),
            'template': (CdScalar, CdString),
            'units': (CdScalar, CdString),
            'valid_max': (CdScalar, CdFromObject),
            'valid_min': (CdScalar, CdFromObject),
            'valid_range': (CdArray, CdFromObject),
        }
        extra['xlink'] = {
            'id': (CdScalar, CdString),
            'xml:link': (CdScalar, CdString),
            'href': (CdScalar, CdString),
            'role': (CdScalar, CdString),
            'title': (CdScalar, CdString),
            'show': (CdScalar, CdString),
            'actuate': (CdScalar, CdString),
            'behavior': (CdScalar, CdString),
            'content-role': (CdScalar, CdString),
            'content-title': (CdScalar, CdString),
            'inline': (CdScalar, CdString),
        }
        return extra




if __name__ == '__main__':
    cdml = CDML()
    print(cdml.extra)
    cdml2 = CDML()
    print(cdml2.extra)
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  Source code for cdms2.CDMLParser

"""
Parse a CDML/XML file
"""

from .cdxmllib import XMLParser
from . import CDML
import re
from . import cdmsNode

# Error constants
InvalidAttribute = "Invalid attribute"

# Regular expressions
_S = re.compile('[ \t\r\n]+$')
_opS = '[ \t\r\n]*'
_Integer = re.compile(_opS + '[0-9]+$' + _opS)


[docs]class CDMLParser(XMLParser):

    def __init__(self, verbose=0):
        XMLParser.__init__(self)
        self.root = None
        self.currentPath = []         # Current path, a stack
        self.dtd = CDML.CDML().dtd
        self.verbose = verbose

    # Push current node on the stack
[docs]    def pushCurrentNode(self, node):
        self.currentPath.append(node)
        if not self.root:
            self.root = node


    # Pop the current node off the stack
[docs]    def popCurrentNode(self):
        node = self.currentPath[-1]
        self.currentPath = self.currentPath[:-1]
        return node


    # Get the current parent node
[docs]    def getCurrentNode(self):
        return self.currentPath[-1]


    # Get the root node
[docs]    def getRoot(self):
        return self.root


    # Handle content
    # discard data which is just whitespace,
    # and strip other data
[docs]    def handle_data(self, data):
        matchObj = _S.match(data)
        if not matchObj:
            if self.verbose:
                print(('data:', data))
            if self.root:
                self.getCurrentNode().setContentFromString(data.strip())


[docs]    def handle_cdata(self, data):
        if self.verbose:
            print(('cdata:', repr(data)))


[docs]    def handle_proc(self, name, data):
        if self.verbose:
            print(('processing:', name, repr(data)))


[docs]    def handle_special(self, data):
        if self.verbose:
            print(('special:', repr(data)))


[docs]    def handle_starttag(self, tag, method, attrs):

        if tag in self.dtd:

            # Check that attributes are valid
            validDict = self.dtd[tag]
            validAttrs = list(validDict.keys())
            attrnames = list(attrs.keys())
            for attrname in attrnames:
                if attrname not in validAttrs:
                    self.cdml_syntax_error(self.lineno,
                                           'unknown attribute %s of element %s' %
                                           (attrname, tag))
                else:
                    (atttype, attdefault) = validDict[attrname]
                    if isinstance(atttype, type((0,))):
                        attrval = attrs[attrname]
                        if attrval not in atttype:
                            self.cdml_syntax_error(self.lineno,
                                                   'invalid attribute value %s=%s of element %s, must be one of %s' %
                                                   (attrname, attrval, tag, atttype))

            # Check that required attributes are present,
            # and add default values
            for attrname in validAttrs:
                (atttype, attdefault) = validDict[attrname]
                if attdefault == CDML.Required and attrname not in attrnames:
                    self.cdml_syntax_error(self.lineno,
                                           'element %s requires an attribute %s' %
                                           (tag, attrname))
                if isinstance(attdefault, type(
                        "")) and attrname not in attrnames:
                    attrs[attrname] = attdefault
        method(attrs)


    # ------------------------------------------------------------------------
    # CDML tags

[docs]    def start_attr(self, attrs):
        if self.verbose:
            print(('attr:', attrs))
        name = attrs['name']
        datatype = attrs['datatype']
        attr = cdmsNode.AttrNode(name, None)
        attr.datatype = datatype
        self.pushCurrentNode(attr)


    # Now the value if any as stored in self.content
[docs]    def end_attr(self):
        attr = self.popCurrentNode()
        var = self.getCurrentNode()
        attr.setValueFromString(attr.getContent(), attr.datatype)
        var.setExternalAttrFromAttr(attr)


    # ------------------------------------------------------------------------

[docs]    def start_axis(self, attrs):
        if self.verbose:
            print(('axis:', attrs))
        id = attrs['id']
        length_s = attrs['length']
        datatype = attrs.get('datatype')
        if _Integer.match(length_s) is None:
            raise InvalidAttribute('length=' + length_s)
        length = int(length_s)
        axis = cdmsNode.AxisNode(id, length, datatype)
        partstring = attrs.get('partition')
        if partstring is not None:
            axis.setPartitionFromString(partstring)
        axis.setExternalDict(attrs)
        self.getCurrentNode().addId(id, axis)
        self.pushCurrentNode(axis)


[docs]    def end_axis(self):
        self.popCurrentNode()


    # ------------------------------------------------------------------------
[docs]    def start_cdml(self, attrs):
        if self.verbose:
            print(('cdml:', attrs))


[docs]    def end_cdml(self):
        pass


    # ------------------------------------------------------------------------

[docs]    def start_component(self, attrs):
        if self.verbose:
            print(('component:', attrs))


[docs]    def end_component(self):
        pass


    # ------------------------------------------------------------------------
[docs]    def start_compoundAxis(self, attrs):
        if self.verbose:
            print(('compoundAxis:', attrs))


[docs]    def end_compoundAxis(self):
        pass


    # ------------------------------------------------------------------------
[docs]    def start_data(self, attrs):
        if self.verbose:
            print(('data:', attrs))


[docs]    def end_data(self):
        pass


    # ------------------------------------------------------------------------

[docs]    def start_dataset(self, attrs):
        if self.verbose:
            print(('dataset:', attrs))
        id = attrs['id']
        dataset = cdmsNode.DatasetNode(id)
        dataset.setExternalDict(attrs)
        if self.root:
            self.getCurrentNode().addId(id, dataset)
        self.pushCurrentNode(dataset)


[docs]    def end_dataset(self):
        dataset = self.popCurrentNode()
        dataset.validate()


    # ------------------------------------------------------------------------

[docs]    def start_doclink(self, attrs):
        if self.verbose:
            print(('docLink:', attrs))
        uri = attrs['href']
        doclink = cdmsNode.DocLinkNode(uri)
        doclink.setExternalDict(attrs)
        self.getCurrentNode().add(doclink)
        self.pushCurrentNode(doclink)


[docs]    def end_doclink(self):
        self.popCurrentNode()


    # ------------------------------------------------------------------------

[docs]    def start_domElem(self, attrs):
        if self.verbose:
            print(('domElem:', attrs))
        name = attrs['name']
        start_s = attrs.get('start')
        length_s = attrs.get('length')
        if start_s is not None:
            start = int(start_s)
        else:
            start = None
        if length_s is not None:
            length = int(length_s)
        else:
            length = None
        domElem = cdmsNode.DomElemNode(name, start, length)
        domElem.setExternalDict(attrs)
        self.getCurrentNode().add(domElem)


[docs]    def end_domElem(self):
        pass


    # ------------------------------------------------------------------------
[docs]    def start_domain(self, attrs):
        if self.verbose:
            print(('domain:', attrs))
        domain = cdmsNode.DomainNode()
        self.getCurrentNode().setDomain(domain)
        self.pushCurrentNode(domain)


[docs]    def end_domain(self):
        self.popCurrentNode()


    # ------------------------------------------------------------------------

[docs]    def start_rectGrid(self, attrs):
        if self.verbose:
            print(('rectGrid:', attrs))
        id = attrs['id']
        gridtype = attrs['type']
        latitude = attrs['latitude']
        longitude = attrs['longitude']
        grid = cdmsNode.RectGridNode(id, latitude, longitude, gridtype)
        grid.setExternalDict(attrs)
        self.getCurrentNode().addId(id, grid)
        self.pushCurrentNode(grid)


[docs]    def end_rectGrid(self):
        self.popCurrentNode()


    # ------------------------------------------------------------------------

[docs]    def start_linear(self, attrs):
        if self.verbose:
            print(('linear:', attrs))
        start_s = attrs['start']
        delta_s = attrs['delta']
        length_s = attrs['length']
        try:
            start = float(start_s)
        except ValueError:
            raise InvalidAttribute('start=' + start_s)
        try:
            delta = float(delta_s)
        except ValueError:
            raise InvalidAttribute('delta=' + delta_s)
        try:
            length = int(length_s)
        except ValueError:
            raise InvalidAttribute('length=' + length_s)
        linear = cdmsNode.LinearDataNode(start, delta, length)
        self.getCurrentNode().setLinearData(linear)


[docs]    def end_linear(self):
        pass


    # ------------------------------------------------------------------------

[docs]    def start_variable(self, attrs):
        if self.verbose:
            print(('variable:', attrs))
        id = attrs['id']
        datatype = attrs['datatype']
        variable = cdmsNode.VariableNode(id, datatype, None)
        variable.setExternalDict(attrs)
        self.getCurrentNode().addId(id, variable)
        self.pushCurrentNode(variable)


[docs]    def end_variable(self):
        self.popCurrentNode()


    # ------------------------------------------------------------------------

[docs]    def start_xlink(self, attrs):
        if self.verbose:
            print(('xlink:', attrs))
        id = attrs['id']
        uri = attrs['href']
        contentRole = attrs['content-role']
        xlink = cdmsNode.XLinkNode(id, uri, contentRole)
        xlink.setExternalDict(attrs)
        self.getCurrentNode().addId(id, xlink)
        self.pushCurrentNode(xlink)


[docs]    def end_xlink(self):
        self.popCurrentNode()


    # ------------------------------------------------------------------------

[docs]    def cdml_syntax_error(self, lineno, message):
        print(('error near line %d:' % lineno, message))


[docs]    def unknown_starttag(self, tag, attrs):
        if self.verbose:
            print(('**' + tag + '**:', attrs))


[docs]    def unknown_endtag(self, tag):
        pass


[docs]    def unknown_entityref(self, ref):
        self.flush()
        if self.verbose:
            print(('*** unknown entity ref: &' + ref + ';'))


[docs]    def unknown_charref(self, ref):
        self.flush()
        if self.verbose:
            print(('*** unknown char ref: &#' + ref + ';'))


[docs]    def close(self):
        XMLParser.close(self)




if __name__ == '__main__':
    import sys

    sampfile = open(sys.argv[1])
    text = sampfile.read()
    sampfile.close()

    if len(sys.argv) == 2:
        verbose = 0
    else:
        verbose = 1
    p = CDMLParser(verbose)
    p.feed(text)
    p.close()
    p.root.dump()
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  Source code for cdms2.MV2

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by
# Further modified to be pure new numpy June 24th 2008

"CDMS Variable objects, MaskedArray interface"
import numpy
from numpy import character, float, float32, float64  # noqa
from numpy import int, int8, int16, int32, int64, byte  # noqa
from numpy import ubyte, uint8, uint16, uint32, uint64, long   # noqa
from numpy.ma import allclose, allequal, common_fill_value  # noqa
from numpy.ma import make_mask_none, dot, filled  # noqa
from numpy.ma import getmask, getmaskarray, identity  # noqa
from numpy.ma import indices, innerproduct, masked, put, putmask, ravel  # noqa
from numpy.ma import set_fill_value, shape, size, isMA, isMaskedArray, is_mask, isarray  # noqa
from numpy.ma import make_mask, mask_or, nomask   # noqa
from numpy import sctype2char, get_printoptions, set_printoptions
from cdms2.avariable import AbstractVariable, getNumericCompatibility
from cdms2.tvariable import TransientVariable, asVariable
from cdms2.grid import AbstractRectGrid
from cdms2.error import CDMSError
# from numpy.ma import *
from cdms2.axis import allclose as axisAllclose, TransientAxis, concatenate as axisConcatenate, take as axisTake

create_mask = make_mask_none
e = numpy.e
pi = numpy.pi
# NewAxis = numpy.oldnumeric.NewAxis
newaxis = numpy.newaxis
counter = 0

load = numpy.load
dump = numpy.ndarray.dump


[docs]def fill_value(ar):
    return ar.fill_value



def _makeMaskedArg(x):
    """If x is a variable, turn it into a TransientVariable."""
    if isinstance(x, AbstractVariable) and not isinstance(
            x, TransientVariable):
        return x.subSlice()
    elif isinstance(x, TransientVariable):
        return x
    else:
        return array(x)


def _extractMetadata(a, axes=None, attributes=None,
                     id=None, omit=None, omitall=False):
    """Extract axes, attributes, id from 'a', if arg is None."""
    resultgrid = None
    if isinstance(a, AbstractVariable):
        if axes is None:
            axes = a.getAxisList(omit=omit)
        if omitall:
            axes = None
        if attributes is None:
            attributes = a.attributes
        if id is None:
            id = "variable_%i" % TransientVariable.variable_count
            TransientVariable.variable_count += 1

        # If the grid is rectilinear, don't return an explicit grid: it's implicitly defined
        # by the axes.
        resultgrid = a.getGrid()
        if (resultgrid is None) or (isinstance(
                resultgrid, AbstractRectGrid)) or (axes is None):
            resultgrid = None

        # If the omitted axis was associated with the grid, the result will not
        # be gridded.
        elif (omit is not None) and (resultgrid is not None) and (a.getAxis(omit) in resultgrid.getAxisList()):
            resultgrid = None

    return axes, attributes, id, resultgrid


[docs]class var_unary_operation:
    def __init__(self, mafunc):
        """
        Parameters
        ----------

        var_unary_operation(mafunc)

        mafunc is an numpy.ma masked_unary_function.
        """
        self.mafunc = mafunc
        self.__doc__ = mafunc.__doc__

    def __call__(self, a, **kwargs):
        axes, attributes, id, grid = _extractMetadata(a)
        maresult = self.mafunc(_makeMaskedArg(a), **kwargs)
        return TransientVariable(
            maresult, axes=axes, attributes=attributes, id=id, grid=grid)



[docs]class var_unary_operation_with_axis:
    def __init__(self, mafunc):
        """
        Parameters
        ----------

        var_unary_operation(mafunc)

        mafunc is an numpy.ma masked_unary_function.
        """
        self.mafunc = mafunc
        self.__doc__ = mafunc.__doc__

    def __call__(self, a, axis=0, **kwargs):
        axis = _conv_axis_arg(axis)
        ta = _makeMaskedArg(a)
        maresult = self.mafunc(ta, axis=axis, **kwargs)
        axes, attributes, id, grid = _extractMetadata(
            a, omit=axis, omitall=(axis is None))
        return TransientVariable(
            maresult, axes=axes, attributes=attributes, id=id, grid=grid)



[docs]def commonDomain(a, b, omit=None):
    """
    Common Domain

    Parameters
    ----------

    commonDomain(a,b) : tests that the domains of variables/arrays a and b are equal,

    Returns
    -------

    the common domain if equal, or None if not equal.

    The domains may differ in that one domain may have leading
    axes not common to the other; the result domain will contain those axes.

     If <omit> is specified, as an integer i, skip comparison of the ith dimension
     and return None for the ith (common) dimension.
    """

    if isinstance(b, AbstractVariable):
        bdom = b.getAxisList()
    else:
        bdom = None
    return commonAxes(a, bdom, omit=omit)



[docs]def commonAxes(a, bdom, omit=None):
    """
    Helper function for commonDomain.

    Parameters
    ----------
    'a' : is a variable or array,
    'b' : is an axislist or None.
    """
    if isinstance(a, AbstractVariable) and bdom is not None:
        adom = a.getAxisList()
        arank = len(adom)
        brank = len(bdom)
        if arank > brank:
            maxrank = arank
            minrank = brank
        else:
            maxrank = brank
            minrank = arank
        diffrank = maxrank - minrank
        if maxrank == arank:
            maxdom = adom
        else:
            maxdom = bdom
        common = [None] * maxrank
        if omit is None:
            iomit = None
        else:
            iomit = omit - minrank

        # Check shared dimensions, last to first
        for i in range(minrank):
            j = -i - 1
            if j == iomit:
                continue
            aj = adom[j]
            bj = bdom[j]
            if len(aj) != len(bj):
                return None
            elif axisAllclose(aj, bj):
                common[j] = aj
            else:
                common[j] = TransientAxis(numpy.arange(len(aj)))

        # Copy leading (non-shared) axes
        for i in range(diffrank):
            common[i] = maxdom[i]

        return common
    elif isinstance(a, AbstractVariable):
        common = a.getAxisList()
        if omit is not None:
            common[omit] = None
        return common
    else:
        if omit is not None:
            bdom[omit] = None
        return bdom



[docs]def commonGrid(a, b, axes):
    """
    Common Grid

    Parameters
    ----------

    commonGrid(a,b,axes) : tests if the grids associated with variables a, b are equal
                           and consistent with the list of axes.

    If so, the common grid is returned, else None is returned.

    a and b can be numpy arrays, in which case the result is None.

    The common grid is 'consistent' with axes if the grid axes (e.g., the axes of
    latitude and longitude coordinate variables) are members of the list 'axes'.

    If the grid(s) of a, b are rectilinear, the result is None, as the grids
    are implicitly defined by the axes.
    """
    if isinstance(b, AbstractVariable):
        gb = b.getGrid()
        if isinstance(gb, AbstractRectGrid):
            gb = None
    else:
        gb = None

    return commonGrid1(a, gb, axes)



[docs]def commonGrid1(a, gb, axes):
    """Helper function for commonGrid."""
    if isinstance(a, AbstractVariable):
        ga = a.getGrid()
        if isinstance(ga, AbstractRectGrid):
            ga = None
    else:
        ga = None

    if ga is gb:
        result = ga
    elif ga is None:                    # e.g., var*scalar
        result = gb
    elif gb is None:                    # e.g., scalar*var
        result = ga
    elif ga.isClose(gb):
        result = ga
    else:
        result = None

    if result is not None:
        for item in result.getAxisList():
            if item not in axes:
                result = None
                break

    return result



[docs]class var_binary_operation:
    def __init__(self, mafunc):
        """
        Parameters
        ----------

        var_binary_operation(mafunc)

        mafunc is an numpy.ma masked_binary_function.
        """
        self.mafunc = mafunc
        self.__doc__ = mafunc.__doc__

    def __call__(self, a, b, **kwargs):
        id = "variable_%i" % TransientVariable.variable_count
        TransientVariable.variable_count += 1
        axes = commonDomain(a, b)
        grid = commonGrid(a, b, axes)
        ta = _makeMaskedArg(a)
        tb = _makeMaskedArg(b)
        maresult = self.mafunc(ta, tb, **kwargs)
        return TransientVariable(
            maresult, axes=axes, grid=grid, no_update_from=True, id=id)

[docs]    def reduce(self, target, axis=0):
        ttarget = _makeMaskedArg(target)
        maresult = self.mafunc.reduce(ttarget, axis=axis)
        axes, attributes, id, grid = _extractMetadata(target, omit=axis)
        return TransientVariable(
            maresult, axes=axes, attributes=attributes, id=id, grid=grid)


[docs]    def accumulate(self, target, axis=0):
        ttarget = _makeMaskedArg(target)
        maresult = self.mafunc.accumulate(ttarget, axis=axis)
        axes, attributes, id, grid = _extractMetadata(target, omit=axis)
        return TransientVariable(
            maresult, axes=axes, attributes=attributes, id=id, grid=grid)


[docs]    def outer(self, a, b):
        """Return the function applied to the outer product of a and b"""
        a1 = _makeMaskedArg(a)
        b1 = _makeMaskedArg(b)
        maresult = self.mafunc.outer(a1, b1)
        return TransientVariable(maresult)




[docs]def compress(a, b):
    __doc__ = numpy.ma.__doc__  # noqa
    import warnings
    warnings.warn(
        "arguments order for compress function has changed\nit is now: " +
        "MV2.copmress(array,condition), if your code seems to not react " +
        "or act wrong to a call to compress, please check this",
        Warning)
    return TransientVariable(numpy.ma.compress(a, b), copy=1)



sqrt = var_unary_operation(numpy.ma.sqrt)
absolute = var_unary_operation(numpy.ma.absolute)
negative = var_unary_operation(numpy.ma.negative)
not_equal = var_binary_operation(numpy.ma.not_equal)

add = var_binary_operation(numpy.ma.add)
subtract = var_binary_operation(numpy.ma.subtract)
multiply = var_binary_operation(numpy.ma.multiply)
divide = var_binary_operation(numpy.ma.divide)
true_divide = var_binary_operation(numpy.ma.true_divide)
floor_divide = var_binary_operation(numpy.ma.floor_divide)
equal = var_binary_operation(numpy.ma.equal)
less_equal = var_binary_operation(numpy.ma.less_equal)
greater_equal = var_binary_operation(numpy.ma.greater_equal)
less = var_binary_operation(numpy.ma.less)
greater = var_binary_operation(numpy.ma.greater)


[docs]def power(a, b, third=None):
    "a**b"
    ta = _makeMaskedArg(a)
    tb = _makeMaskedArg(b)
    maresult = numpy.ma.power(ta, tb, third)
    axes, attributes, id, grid = _extractMetadata(a)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, grid=grid, id=id)



[docs]def left_shift(a, n):
    "Left shift n bits"
    ta = _makeMaskedArg(a)
    tb = _makeMaskedArg(n)
    maresult = numpy.ma.left_shift(ta, numpy.ma.filled(tb))
    axes, attributes, id, grid = _extractMetadata(a)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, grid=grid, id=id)



[docs]def right_shift(a, n):
    "Right shift n bits"
    ta = _makeMaskedArg(a)
    tb = _makeMaskedArg(n)
    maresult = numpy.ma.right_shift(ta, numpy.ma.filled(tb))
    axes, attributes, id, grid = _extractMetadata(a)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, grid=grid, id=id)



def _convdtype(dtype, typecode):
    "Resolve dtype, typecode args"
    if dtype is None and typecode is not None:
        #        dtype = typeconv.convtypecode2(typecode)
        dtype = typecode
    return dtype


def _conv_axis_arg(axis):
    "Handle backward compatibility with numpy for axis arg"
    if getNumericCompatibility() and axis is None:
        axis = 0
    return axis


[docs]def squeeze(x):
    "call numpy.squeeze on ndarray and rebuild tvariable."
    # ta = _makeMaskedArg(x)
    maresult = numpy.squeeze(x._data)
    axes, attributes, id, grid = _extractMetadata(x)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, grid=grid, id=id)



[docs]def is_masked(x):
    "Is x a 0-D masked value?"
    return isMaskedArray(x) and x.size == 1 and x.ndim == 0 and x.mask.item()



[docs]def is_floating(x):
    "Is x a scalar float, either python or numpy?"
    return (isinstance(x, numpy.floating) or isinstance(x, float))



[docs]def is_integer(x):
    "Is x a scalar integer, either python or numpy?"
    return (isinstance(x, numpy.integer) or isinstance(
        x, int))



[docs]def get_print_limit():
    return get_printoptions()['threshold']



[docs]def set_print_limit(limit=numpy.inf):
    set_printoptions(threshold=limit)



subtract.reduce = None
log = var_unary_operation(numpy.ma.log)
log10 = var_unary_operation(numpy.ma.log10)
exp = var_unary_operation(numpy.ma.exp)
conjugate = var_unary_operation(numpy.ma.conjugate)
sin = var_unary_operation(numpy.ma.sin)
cos = var_unary_operation(numpy.ma.cos)
tan = var_unary_operation(numpy.ma.tan)
arcsin = var_unary_operation(numpy.ma.arcsin)
arccos = var_unary_operation(numpy.ma.arccos)
arctan = var_unary_operation(numpy.ma.arctan)
sinh = var_unary_operation(numpy.ma.sinh)
cosh = var_unary_operation(numpy.ma.cosh)
tanh = var_unary_operation(numpy.ma.tanh)
fabs = var_unary_operation(numpy.ma.fabs)
nonzero = var_unary_operation(numpy.ma.nonzero)
around = var_unary_operation(numpy.ma.around)
floor = var_unary_operation(numpy.ma.floor)
ceil = var_unary_operation(numpy.ma.ceil)
sometrue = var_unary_operation_with_axis(numpy.ma.any)
any = sometrue
alltrue = var_unary_operation_with_axis(numpy.ma.all)
all = alltrue
logical_not = var_unary_operation(numpy.ma.logical_not)
divide.reduce = None
true_divide.reduce = None
remainder = var_binary_operation(numpy.ma.remainder)
remainder.reduce = None
fmod = var_binary_operation(numpy.ma.fmod)
fmod.reduce = None
hypot = var_binary_operation(numpy.ma.hypot)
hypot.reduce = None
arctan2 = var_binary_operation(numpy.ma.arctan2)
arctan2.reduce = None
less.reduce = None
equal.reduce = None
not_equal.reduce = None
less_equal.reduce = None
greater_equal.reduce = None
greater.reduce = None
logical_and = var_binary_operation(numpy.ma.logical_and)
logical_or = var_binary_operation(numpy.ma.logical_or)
logical_xor = var_binary_operation(numpy.ma.logical_xor)
bitwise_and = var_binary_operation(numpy.ma.bitwise_and)
bitwise_or = var_binary_operation(numpy.ma.bitwise_or)
bitwise_xor = var_binary_operation(numpy.ma.bitwise_xor)


[docs]def count(a, axis=None):
    "Count of the non-masked elements in a, or along a certain axis."
    if axis is None:
        return numpy.ma.count(a, axis)
    else:
        ta = _makeMaskedArg(a)
        maresult = numpy.ma.count(ta, axis)
        axes, attributes, id, grid = _extractMetadata(a, omit=axis)
        F = getattr(a, "fill_value", 1.e20)
        return TransientVariable(
            maresult, axes=axes, attributes=attributes, grid=grid, id=id, fill_value=F)



[docs]def sum(a, axis=None, fill_value=0, dtype=None):
    "Sum of elements along a certain axis."
    axis = _conv_axis_arg(axis)
    ta = _makeMaskedArg(a)
    maresult = numpy.ma.sum(ta, axis, dtype=dtype)
    axes, attributes, id, grid = _extractMetadata(
        a, omit=axis, omitall=(axis is None))
    F = getattr(a, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, grid=grid, id=id, fill_value=F)



[docs]def product(a, axis=0, dtype=None):
    "Product of elements along axis."
    ta = _makeMaskedArg(a)
    maresult = numpy.ma.product(ta, axis, dtype=dtype)
    axes, attributes, id, grid = _extractMetadata(a, omit=axis)
    F = getattr(a, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, grid=grid, id=id, fill_value=F)



[docs]def average(a, axis=None, weights=None, returned=False):
    axis = _conv_axis_arg(axis)
    ta = _makeMaskedArg(a)
    maresult = numpy.ma.average(ta, axis, weights, returned)
    axes, attributes, id, grid = _extractMetadata(
        a, omit=axis, omitall=(axis is None))
    if returned:
        if isinstance(maresult, tuple):
            maresult, wresult = maresult
        else:
            # ok it's masked constant need to return both things by hand
            wresult = numpy.ma.masked
    F = getattr(a, "fill_value", 1.e20)
    r1 = TransientVariable(
        maresult,
        axes=axes,
        attributes=attributes,
        grid=grid,
        id=id,
        no_update_from=True,
        fill_value=F)
    if returned:
        F = getattr(a, "fill_value", 1.e20)
        w1 = TransientVariable(
            wresult,
            axes=axes,
            grid=grid,
            id=id,
            no_update_from=True,
            fill_value=F)
        return r1, w1
    else:
        return r1



average.__doc__ = numpy.ma.average.__doc__


[docs]def max(a, axis=None):
    axis = _conv_axis_arg(axis)
    ta = _makeMaskedArg(a)
    maresult = numpy.ma.max(ta, axis)
    axes, attributes, id, grid = _extractMetadata(
        a, omit=axis, omitall=(axis is None))
    F = getattr(a, "fill_value", 1.e20)
    r1 = TransientVariable(
        maresult,
        axes=axes,
        attributes=attributes,
        grid=grid,
        id=id,
        no_update_from=True,
        fill_value=F)
    return r1



max.__doc__ = numpy.ma.max.__doc__


[docs]def min(a, axis=None):
    axis = _conv_axis_arg(axis)
    ta = _makeMaskedArg(a)
    maresult = numpy.ma.min(ta, axis)
    axes, attributes, id, grid = _extractMetadata(
        a, omit=axis, omitall=(axis is None))
    F = getattr(a, "fill_value", 1.e20)
    r1 = TransientVariable(
        maresult,
        axes=axes,
        attributes=attributes,
        grid=grid,
        id=id,
        no_update_from=True,
        fill_value=F)
    return r1



min.__doc__ = numpy.ma.min.__doc__


[docs]def sort(a, axis=-1):
    maresult = numpy.ma.sort(a.asma(), axis)
    axes, attributes, id, grid = _extractMetadata(a)
    sortaxis = axes[axis]
    if (grid is not None) and (sortaxis in grid.getAxisList()):
        grid = None
    axes[axis] = TransientAxis(numpy.arange(len(sortaxis)))
    F = getattr(a, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, grid=grid, id=id, fill_value=F)


sort.__doc__ = "    The sort axis is replaced with a dummy axis.\n" + numpy.ma.sort.__doc__

[docs]def choose(myindices, t):
    """
    Choose

    Returns
    -------

    an array shaped like indices containing elements chosen from t.
    If an element of t is the special element masked, any element of
    the result that "chooses" that element is masked. The result has
    only the default axes.
    """
    maresult = numpy.ma.choose(myindices, list(map(_makeMaskedArg, t)))
    F = getattr(t, "fill_value", 1.e20)
    return TransientVariable(maresult, fill_value=F)



[docs]def where(condition, x, y):
    "where(condition, x, y) is x where condition is true, y otherwise"
#    axes = commonDomain(x,y)
#    grid = commonGrid(x,y,axes)
    maresult = numpy.ma.where(condition, _makeMaskedArg(x), _makeMaskedArg(y))
    axes, attributes, id, grid = _extractMetadata(condition)
    F = getattr(x, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, grid=grid, id=id, fill_value=F)



[docs]def masked_where(condition, x, copy=1):
    """
    Marked Where

    Returns
    -------

    x as an array masked where condition is true. Also masked where x or condition masked.
    """
    tx = _makeMaskedArg(x)
    tcondition = _makeMaskedArg(condition)
    maresult = numpy.ma.masked_where(tcondition, tx, copy)
    axes, attributes, id, grid = _extractMetadata(x)
    F = getattr(x, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def masked_greater(x, value):
    "masked_greater(x, value) = x masked where x > value"
    tx = _makeMaskedArg(x)
    maresult = numpy.ma.masked_greater(tx, value)
    axes, attributes, id, grid = _extractMetadata(x)
    F = getattr(x, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def masked_greater_equal(x, value):
    "masked_greater_equal(x, value) = x masked where x >= value"
    tx = _makeMaskedArg(x)
    maresult = numpy.ma.masked_greater_equal(tx, value)
    axes, attributes, id, grid = _extractMetadata(x)
    F = getattr(x, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def masked_less(x, value):
    "masked_less(x, value) = x masked where x < value"
    tx = _makeMaskedArg(x)
    maresult = numpy.ma.masked_less(tx, value)
    axes, attributes, id, grid = _extractMetadata(x)
    F = getattr(x, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def masked_less_equal(x, value):
    "masked_less_equal(x, value) = x masked where x <= value"
    tx = _makeMaskedArg(x)
    maresult = numpy.ma.masked_less_equal(tx, value)
    axes, attributes, id, grid = _extractMetadata(x)
    F = getattr(x, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def masked_not_equal(x, value):
    "masked_not_equal(x, value) = x masked where x != value"
    tx = _makeMaskedArg(x)
    maresult = numpy.ma.masked_not_equal(tx, value)
    axes, attributes, id, grid = _extractMetadata(x)
    F = getattr(x, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def masked_equal(x, value):
    """masked_equal(x, value) = x masked where x == value
       For floating point consider masked_values(x, value) instead.
    """
    tx = _makeMaskedArg(x)
    maresult = numpy.ma.masked_equal(tx, value)
    axes, attributes, id, grid = _extractMetadata(x)
    F = getattr(x, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def masked_outside(x, v1, v2):
    "x with mask of all values of x that are outside [v1,v2]"
    tx = _makeMaskedArg(x)
    maresult = numpy.ma.masked_outside(tx, v1, v2)
    axes, attributes, id, grid = _extractMetadata(x)
    F = getattr(x, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def masked_inside(x, v1, v2):
    "x with mask of all values of x that are inside [v1,v2]"
    tx = _makeMaskedArg(x)
    maresult = numpy.ma.masked_inside(tx, v1, v2)
    axes, attributes, id, grid = _extractMetadata(x)
    F = getattr(x, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def concatenate(arrays, axis=0, axisid=None, axisattributes=None):
    """Concatenate the arrays along the given axis. Give the extended axis the id and
    attributes provided - by default, those of the first array."""

    tarrays = [_makeMaskedArg(a) for a in arrays]
    maresult = numpy.ma.concatenate(arrays, axis=axis)
    if len(arrays) > 1:
        varattributes = None
        varid = None
        axes = commonDomain(tarrays[0], tarrays[1], omit=axis)
        grid = commonGrid(tarrays[0], tarrays[1], axes)
        for i in range(len(arrays) - 2):
            if axes is None:
                break
            axes = commonAxes(tarrays[i + 2], axes, omit=axis)
            grid = commonGrid1(tarrays[i + 2], grid, axes)
    else:
        axes = tarrays[0].getAxisList()
        varattributes = tarrays[0].attributes
        varid = tarrays[0].id
        if (isinstance(tarrays[0], TransientVariable)):
            grid = tarrays[0].getGrid()
        else:
            grid = None
    if axes is not None:
        if axisid is None:
            axisid = tarrays[0].getAxis(axis).id
        allunitsequal = True
        try:
            allunits = tarrays[0].getAxis(axis).units
        except BaseException:
            allunits = None
        for t in tarrays[1:]:
            try:
                tunits = t.getAxis(axis).units
            except BaseException:
                tunits = None
            if tunits != allunits:
                allunitsequal = False
        if allunitsequal:
            if axisattributes is None:
                axisattributes = tarrays[0].getAxis(axis).attributes
            axes[axis] = axisConcatenate(
                [t.getAxis(axis) for t in tarrays], axisid, axisattributes)

    # If the grid doesn't match the axislist (e.g., catenation was on
    # latitude) then omit it.
    if grid is not None:
        for item in grid.getAxisList():
            if item not in axes:
                grid = None
    F = getattr(arrays[0], "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=varattributes, id=varid, grid=grid, fill_value=F)



[docs]def take(a, myindices, axis=None):
    "take(a, indices, axis=None) returns selection of items from a."
    axis = _conv_axis_arg(axis)
    ta = _makeMaskedArg(a)

    # ma compatibility interface has a bug
    maresult = numpy.ma.take(ta, myindices, axis=axis)
    axes, attributes, id, grid = _extractMetadata(a, omitall=(axis is None))

    # If the take is on a grid axis, omit the grid.
    if (grid is not None) and (axes[axis] in grid.getAxisList()):
        grid = None
    if axes is not None:
        axes[axis] = axisTake(axes[axis], myindices)
    F = getattr(a, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def transpose(a, axes=None):
    "transpose(a, axes=None) reorder dimensions per tuple axes"
    ta = _makeMaskedArg(a)
    tma = numpy.ma.masked_array(ta)
    if axes is None:
        axes = numpy.arange(tma.ndim)[::-1]
    maresult = numpy.ma.transpose(tma, axes=axes)
    oldaxes, attributes, id, grid = _extractMetadata(ta)
    newaxes = None
    if oldaxes is not None:
        newaxes = [oldaxes[i] for i in axes]
    F = getattr(a, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=newaxes, attributes=attributes, id=id, grid=grid, copy=1, fill_value=F)



class _minimum_operation:

    "Object to calculate minima"

    def __init__(self):
        """minimum(a, b) or minimum(a)
           In one argument case returns the scalar minimum.
        """
        pass

    def __call__(self, a, b=None):
        "Execute the call behavior."
        a = _makeMaskedArg(a)
        if b is None:
            m = getmask(a)
            if m is nomask:
                d = numpy.min(filled(a).ravel())
                return d
#             ac = a.compressed()
# if len(ac) == 0:
# return masked
            else:
                return numpy.ma.min(a)
        else:
            return where(less(a, b), a, b)[...]

    def reduce(self, target, axis=0):
        """Reduce target along the given axis."""
        a = _makeMaskedArg(target)
        axes, attributes, id, grid = _extractMetadata(a, omit=axis)
        m = getmask(a)
        if m is nomask:
            t = filled(a)
            result = masked_array(numpy.minimum.reduce(t, axis))
        else:
            t = numpy.minimum.reduce(
                filled(a, numpy.ma.minimum_fill_value(a)), axis)
            m = numpy.logical_and.reduce(m, axis)
            result = masked_array(t, m, fill_value(a))
        return TransientVariable(result, axes=axes, copy=0,
                                 fill_value=fill_value(a), grid=grid, id=id)

    def outer(self, a, b):
        "Return the function applied to the outer product of a and b."
        a = _makeMaskedArg(a)
        b = _makeMaskedArg(b)
        ma = getmask(a)
        mb = getmask(b)
        if ma is nomask and mb is nomask:
            m = None
        else:
            ma = getmaskarray(a)
            mb = getmaskarray(b)
            m = logical_or.outer(ma, mb)
        d = numpy.minimum.outer(filled(a), filled(b))
        return TransientVariable(d, mask=m, copy=0)


minimum = _minimum_operation()


class _maximum_operation:
    "Object to calculate maxima"

    def __init__(self):
        """maximum(a, b) or maximum(a)
           In one argument case returns the scalar maximum.
        """
        pass

    def __call__(self, a, b=None):
        "Execute the call behavior."
        a = _makeMaskedArg(a)
        if b is None:
            m = getmask(a)
            if m is nomask:
                d = numpy.max(filled(a).ravel())
                return d
#             ac = a.compressed()
# if len(ac) == 0:
# return masked
            else:
                return numpy.ma.max(a)
        else:
            return where(greater(a, b), a, b)[...]

    def reduce(self, target, axis=0):
        """Reduce target along the given axis."""
        axes, attributes, id, grid = _extractMetadata(target, omit=axis)
        a = _makeMaskedArg(target)
        m = getmask(a)
        if m is nomask:
            t = filled(a)
            return masked_array(numpy.maximum.reduce(t, axis))
        else:
            t = numpy.maximum.reduce(
                filled(a, numpy.ma.maximum_fill_value(a)), axis)
            m = numpy.logical_and.reduce(m, axis)
            return TransientVariable(t, mask=m, fill_value=fill_value(a),
                                     axes=axes, grid=grid, id=id)

    def outer(self, a, b):
        "Return the function applied to the outer product of a and b."
        a = _makeMaskedArg(a)
        b = _makeMaskedArg(b)
        ma = getmask(a)
        mb = getmask(b)
        if ma is nomask and mb is nomask:
            m = None
        else:
            ma = getmaskarray(a)
            mb = getmaskarray(b)
            m = logical_or.outer(ma, mb)
        d = numpy.maximum.outer(filled(a), filled(b))
        return TransientVariable(d, mask=m)


maximum = _maximum_operation()


[docs]def asarray(data, typecode=None, dtype=None):
    """

    asarray(data, typecode=None, dtype=None) is equivalent to array(data, dtype=None, copy=0)

    Assarray

    Returns
    -------

    data if dtype is None or data is a MaskedArray of the same dtype.

    typecode arg is for backward compatibility.
    """
    dtype = _convdtype(dtype, typecode)
    if isinstance(data, AbstractVariable) and (
            dtype is None or sctype2char(dtype) == data.dtype.char):
        return data
    else:
        F = getattr(data, "fill_value", 1.e20)
        return TransientVariable(data, dtype=dtype, copy=0, fill_value=F)



[docs]def arrayrange(start, stop=None, step=1, typecode=None,
               axis=None, attributes=None, id=None, dtype=None):
    """Just like range() except it returns a variable whose type can be specfied
    by the keyword argument typecode. The axis of the result variable may be specified.
    """
    dtype = _convdtype(dtype, typecode)
    if stop is None:
        maresult = numpy.ma.arange(start, step=step, dtype=dtype)
    else:
        maresult = numpy.ma.arange(start, stop=stop, step=step, dtype=dtype)
    return TransientVariable(maresult, axes=(
        axis,), attributes=attributes, id=id)



arange = arrayrange


[docs]def zeros(myshape, typecode=float, savespace=0, axes=None,
          attributes=None, id=None, grid=None, dtype=None):
    """zeros(n, typecode=float, savespace=0, axes=None, attributes=None, id=None) =
     an array of all zeros of the given length or shape."""
    dtype = _convdtype(dtype, typecode)
    maresult = numpy.ma.zeros(myshape, dtype=dtype)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid)



[docs]def ones(myshape, typecode=float, savespace=0, axes=None,
         attributes=None, id=None, grid=None, dtype=None):
    """ones(n, typecode=float, savespace=0, axes=None, attributes=None, id=None) =
     an array of all ones of the given length or shape."""
    dtype = _convdtype(dtype, typecode)
    maresult = numpy.ma.ones(myshape, dtype=dtype)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid)



as_masked = numpy.ma.array


[docs]def outerproduct(a, b):
    """
    outerproduct(a,b) = {a[i]*b[j]}, has shape (len(a),len(b))
    """
    ta = asVariable(a, writeable=1)
    tb = asVariable(b, writeable=1)
    maresult = numpy.ma.outerproduct(ta, tb)
    axes = (ta.getAxis(0), tb.getAxis(0))
    F = getattr(a, "fill_value", 1.e20)
    return TransientVariable(maresult, axes=axes, fill_value=F)



[docs]def argsort(x, axis=-1, fill_value=None):
    """Treating masked values as if they have the value fill_value,
       return sort indices for sorting along given axis.
       if fill_value is None, use fill_value(x)
    """
    tx = _makeMaskedArg(x)
    maresult = numpy.ma.argsort(tx, axis=axis, fill_value=fill_value)
    axes, attributes, id, grid = _extractMetadata(x)
    F = getattr(x, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



array = TransientVariable


[docs]def repeat(a, repeats, axis=None):
    """repeat elements of a repeats times along axis
       repeats is a sequence of length a.shape[axis]
       telling how many times to repeat each element.
    """
    axis = _conv_axis_arg(axis)
    ta = _makeMaskedArg(a)
    maresult = numpy.ma.repeat(ta, repeats, axis=axis)
    axes, attributes, id, grid = _extractMetadata(a, omitall=(axis is None))
    if (grid is not None) and (axes[axis] in grid.getAxisList()):
        grid = None
    if axes is not None:
        axes[axis] = None
    F = getattr(a, "fill_value", 1.e20)
    return TransientVariable(maresult, axes=axes, attributes=attributes,
                             id=id, grid=grid, no_update_from=True, fill_value=F)



[docs]def reshape(a, newshape, axes=None, attributes=None, id=None, grid=None):
    ignore, attributes, id, ignore = _extractMetadata(a, axes, attributes, id)
    if axes is not None:
        axesshape = [len(item) for item in axes]
        if axesshape != list(newshape):
            raise CDMSError('axes must be shaped %s' % repr(newshape))
    ta = _makeMaskedArg(a)
    maresult = numpy.ma.reshape(ta, newshape)
    F = getattr(a, "fill_value", 1.e20)
    return TransientVariable(maresult, axes=axes, attributes=attributes,
                             id=id, grid=grid, no_update_from=True, fill_value=F)



reshape.__doc__ = "numpy doc: %s\naxes/attributes/grid are applied onto the new variable" % numpy.reshape.__doc__


[docs]def resize(a, new_shape, axes=None, attributes=None, id=None, grid=None):
    """resize(a, new_shape)

    Resize

    Returns
    -------
    a new array with the specified shape.

    The original array's total size can be any size.
    """
    ignore, attributes, id, ignore = _extractMetadata(a, axes, attributes, id)
    if axes is not None:
        axesshape = [len(item) for item in axes]
        if axesshape != list(new_shape):
            raise CDMSError('axes must be shaped %s' % repr(new_shape))
    ta = _makeMaskedArg(a)
    maresult = numpy.ma.resize(ta, new_shape)
    F = getattr(a, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def masked_array(a, mask=None, fill_value=None,
                 axes=None, attributes=None, id=None):
    """
    Masked Array

    Parameters
    ----------
    masked_array(a, mask=None) =  array(a, mask=mask, copy=0, fill_value=fill_value)

    Use fill_value(a) if None.
    """
    maresult = numpy.ma.masked_array(
        _makeMaskedArg(a),
        mask=mask,
        fill_value=fill_value)
    axes, attributes, id, grid = _extractMetadata(a, axes, attributes, id)
    F = getattr(a, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def masked_values(data, value, rtol=1.e-5, atol=1.e-8, copy=1,
                  savespace=0, axes=None, attributes=None, id=None):
    """
    Masked Values

    Parameters
    ----------
    masked_values(data, value, rtol=1.e-5, atol=1.e-8)

    Create a masked array; mask is None if possible.
    May share data values with original array, but not recommended.
    Masked where abs(data-value)<= atol + rtol * abs(value)
    """
    maresult = numpy.ma.masked_values(_makeMaskedArg(
        data), value, rtol=rtol, atol=atol, copy=copy)
    axes, attributes, id, grid = _extractMetadata(data, axes, attributes, id)
    F = getattr(data, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def masked_object(data, value, copy=1, savespace=0,
                  axes=None, attributes=None, id=None):
    "Create array masked where exactly data equal to value"
    maresult = numpy.ma.masked_object(_makeMaskedArg(data), value, copy=copy)
    axes, attributes, id, grid = _extractMetadata(data, axes, attributes, id)
    F = getattr(data, "fill_value", 1.e20)
    return TransientVariable(
        maresult, axes=axes, attributes=attributes, id=id, grid=grid, fill_value=F)



[docs]def isMaskedVariable(x):
    "Is x a masked variable, that is, an instance of AbstractVariable?"
    return isinstance(x, AbstractVariable)



[docs]def set_default_fill_value(value_type, value):
    """Set the default fill value for value_type to value.
    Parameters
    ----------
    value_type is a string : real','complex','character','integer',or 'object'.

    value should be a scalar or single-element array.
    """
    if value_type == 'real':
        numpy.ma.default_real_fill_value = value
    elif value_type == 'integer':
        numpy.ma.default_integer_fill_value = value
    elif value_type == 'complex':
        numpy.ma.default_complex_fill_value = value
    elif value_type == 'character':
        numpy.ma.default_character_fill_value = value
    elif value_type == 'object':
        numpy.ma.default_object_fill_value = value



[docs]def fromfunction(f, dimensions):
    """Apply f to s to create an array as in numpy."""
    return TransientVariable(numpy.ma.fromfunction(f, dimensions))



[docs]def diagonal(a, offset=0, axis1=0, axis2=1):
    """
    Diagonal

    Parameters
    ----------
    diagonal(a, offset=0, axis1=0, axis2 = 1)

    Returns
    -------
    The given diagonals defined by the two dimensions of the array.
    """
    F = getattr(a, "fill_value", 1.e20)
    return TransientVariable(numpy.ma.diagonal(_makeMaskedArg(a),
                                               offset, axis1, axis2), fill_value=F)



# def fromstring(s, t):
#     """Construct a masked array from a string. Result will have no mask.
#        t is a typecode.
#     """
#     return TransientArray(numpy.ma.fromstring(s, t))
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  Source code for cdms2.avariable

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by
# Further modified to be pure new numpy June 24th 2008

"CDMS Variable objects, abstract interface"
import numpy
import string
import re
import warnings
from .cdmsobj import CdmsObj
import cdms2
from .slabinterface import Slab
from .sliceut import splitSliceExt, splitSlice
from .error import CDMSError
from .axis import axisMatchIndex, axisMatchAxis, axisMatches, unspecified, CdtimeTypes, AbstractAxis
from . import selectors
import copy
from .mvCdmsRegrid import CdmsRegrid, getBoundList, _getCoordList
from regrid2.mvGenericRegrid import guessPeriodicity
# import PropertiedClasses
from .convention import CF1
from .grid import AbstractRectGrid
# import internattr
from six import string_types

InvalidRegion = "Invalid region: "
OutOfRange = "Coordinate interval is out of range or intersection has no data: "
NotImplemented = "Child of AbstractVariable failed to implement: "
# Backward compatibility with numpy behavior
_numeric_compatibility = False
# False: return scalars from 0-D slices
#        MV axis=None by default
# True:  return 0-D arrays
#        MV axis=1 by default


[docs]def getMinHorizontalMask(var):
    """
    Get the minimum mask associated with 'x' and 'y'
    (i.e. with the min number of ones) across all axes

    Parameters
    ----------
    var : CDMS variable with a mask
    N/A : None

    Returns
    -------
    mask array or None : if order 'x' and 'y' were not found

    """
    from distarray import MultiArrayIter

    if not hasattr(var, 'mask'):
        return None

    shp = var.shape
    ndims = len(shp)
    order = var.getOrder()  # e.g. 'zxty-', ndims = 5

    # run a few checks
    numX = order.count('x')
    numY = order.count('y')
    num_ = order.count('-')
    hasXY = (numX == 1) and (numY == 1)
    if numX + numY + num_ < 2:
        msg = """
Not able to locate the horizontal (y, x) axes for order = %s in getMinHorizontalMask
        """ % str(order)
        raise CDMSError(msg)

    ps = []  # index position of x/y, e.g. [1,3]
    es = []  # end indices, sizes of x/y axes
    nonHorizShape = []
    found = False
    for i in range(ndims - 1, -1, -1):
        # iterate backwards because the horizontal
        # axes are more likely to be last
        o = order[i]
        # curvilinear coordinates have '-' in place of
        # x or y, also check for '-' but exit if we think
        # we found the x and y coords
        if not found and (o in 'xy') or (not hasXY and o == '-'):
            ps = [i, ] + ps
            es = [shp[i], ] + es
            if len(ps) == 2:
                found = True
        else:
            nonHorizShape = [shp[i], ] + nonHorizShape

    if len(ps) == 2:
        # found all the horizontal axes, start with mask
        # set to invalid everywhere
        mask = numpy.ones(es, numpy.bool8)
        # iterate over all non-horizontal axes, there can be as
        # many as you want...
        for it in MultiArrayIter(nonHorizShape):
            inds = it.getIndices()  # (i0, i1, i2)
            # build the slice operator, there are three parts
            # (head, middle, and tail), some parts may be
            # missing
            # slce = 'i0,' + ':,'   +   'i1,'  +   ':,' + 'i2,'
            slce = ('%d,' * ps[0]) % tuple(inds[:ps[0]]) + ':,'            \
                + ('%d,' * (ps[1] - ps[0] - 1)) % tuple(inds[ps[0]:ps[1] - 1])   \
                + ':,' + ('%d,' * (ndims - ps[1] - 1)
                          ) % tuple(inds[ps[1] - 1:])
            # evaluate the slice for this time, level....
            mask &= eval('var.mask[' + slce + ']')
        return mask
    else:
        msg = """
Could not find all the horizontal axes for order = %s in getMinHorizontalMask
        """ % str(order)
        raise CDMSError(msg)
    return None



[docs]def setNumericCompatibility(mode):
    global _numeric_compatibility
    if mode is True or mode == 'on':
        _numeric_compatibility = True
    elif mode is False or mode == 'off':
        _numeric_compatibility = False



[docs]def getNumericCompatibility():
    return _numeric_compatibility



[docs]class AbstractVariable(CdmsObj, Slab):
    """Not to be called by users.

    Parameters
    ----------
        variableNode
            is the variable tree node, if any.
        parent
            is the containing dataset instance.
    """

[docs]    def info(self, flag=None, device=None):
        Slab.info(self, flag, device)


[docs]    def __init__(self, parent=None, variableNode=None):

        if variableNode is not None and variableNode.tag != 'variable':
            raise CDMSError('Node is not a variable node')
        CdmsObj.__init__(self, variableNode)
        val = self.__cdms_internals__ + ['id', 'domain']
        self.___cdms_internals__ = val
        Slab.__init__(self)
        self.id = None                  # Transient variables key on this to create a default ID
        self.parent = parent
        self._grid_ = None      # Variable grid, if any
        if not hasattr(self, 'missing_value'):
            self.missing_value = None
        else:
            if isinstance(self.missing_value, bytes):
                self.missing_value = None
            elif isinstance(self.missing_value, string_types):
                self.missing_value = None
            elif numpy.isnan(self.missing_value):
                self.missing_value = None


        # Reminder: children to define self.shape and set self.id

[docs]    def __array__(self, t=None, context=None):  # Numeric, ufuncs call this
        return numpy.ma.filled(self.getValue(squeeze=0))


[docs]    def __call__(self, *args, **kwargs):
        """
        Selection of a subregion using selectors.

        Parameters
        ----------
        raw : if set to 1, return numpy.ma only
        squeeze : if set to 1, eliminate any dimension of length 1
        grid : if given, result is regridded ont this grid
        order : if given, result is permuted into this order

        Returns
        -------
        Subregion selected
        """
        # separate options from selector specs
        d = kwargs.copy()
        raw = d.setdefault('raw', 0)
        squeeze = d.setdefault('squeeze', 0)
        grid = d.setdefault('grid', None)
        order = d.setdefault('order', None)
        del d['squeeze'], d['grid'], d['order'], d['raw']
        # make the selector
        s = selectors.Selector(*args, **d)
        # get the selection
        return s.unmodified_select(self, raw=raw,
                                   squeeze=squeeze,
                                   order=order,
                                   grid=grid)


    select = __call__

[docs]    def rank(self):
        return len(self.shape)


[docs]    def _returnArray(self, ar, squeeze, singles=None):
        # ar is a Numeric array, numpy.ma, or scalar, possibly numpy.ma.masked.
        # job is to make sure we return an numpy.ma or a scalar.
        # If singles is not None, squeeze dimension indices in singles
        inf = 1.8e308
        if isinstance(ar, cdms2.tvariable.TransientVariable):
            result = numpy.ma.array(ar._data, mask=ar.mask)
        # already numpy.ma, only need squeeze.
        elif numpy.ma.isMaskedArray(ar):
            result = ar
        elif isinstance(ar, numpy.ndarray):
            missing = self.getMissing()
            if missing is None:
                result = numpy.ma.masked_array(ar)
            elif missing == inf or missing != missing:  # (x!=x) ==> x is NaN
                result = numpy.ma.masked_object(ar, missing, copy=0)
            elif ar.dtype.char == 'c' or ar.dtype.char == 'S':
                # umath.equal is not implemented
                resultmask = (ar == missing)
                if not resultmask.any():
                    resultmask = numpy.ma.nomask
                result = numpy.ma.masked_array(
                    ar, mask=resultmask, fill_value=missing).astype(str)
            else:
                result = numpy.ma.masked_values(ar, missing, copy=0)
        elif ar is numpy.ma.masked:
            return ar
        else:  # scalar, but it might be the missing value
            missing = self.getMissing()
            if missing is None:
                return ar  # scalar
            else:
                result = numpy.ma.masked_values(ar, missing, copy=0)

        squoze = 0
        if squeeze:
            n = 1
            newshape = []
            for s in result.shape:
                if s == 1:
                    squoze = 1
                    continue
                else:
                    n = n * s
                    newshape.append(s)
        elif singles is not None:
            n = 1
            newshape = []
            oldshape = result.shape
            for i in range(len(oldshape)):
                if i in singles:
                    squoze = 1
                    continue
                else:
                    s = oldshape[i]
                    n = n * s
                    newshape.append(s)

        else:
            n = numpy.ma.size(result)
        if n == 1 and squeeze:
            return numpy.ma.ravel(result)[0]  # scalar or masked
        if squoze:
            result.shape = newshape
        return result


[docs]    def generateGridkey(self, convention, vardict):
        """Determine if the variable is gridded.

        Parameters
        ----------
        convention : Metadata convention class
        vardict : Variable metedata

        Returns
        -------
        ((latname, lonname, order, maskname, class), lat, lon) if gridded
        (None, None, None) if not gridded """

        lat, nlat = convention.getVarLatId(self, vardict)
        lon, nlon = convention.getVarLonId(self, vardict)
        if (lat is not None) and (lat is lon):
            raise CDMSError(
                "Axis %s is both a latitude and longitude axis! Check standard_name and/or axis attributes." %
                lat.id)

        # Check for 2D grid
        if (lat is None) or (lon is None):
            return None, lat, lon

        # Check for a rectilinear grid
        if isinstance(lat, AbstractAxis) and isinstance(
                lon, AbstractAxis) and (lat.rank() == lon.rank() == 1):
            return self.generateRectGridkey(lat, lon), lat, lon

        # Check for a curvilinear grid:
        if lat.rank() == lon.rank() == 2:

            # check that they are defined on the same indices as self
            vardomain = self.getAxisIds()
            allok = 1
            for axisid in lat.getAxisIds():
                if axisid not in vardomain:
                    allok = 0
                    break
            if allok:
                for axisid in lon.getAxisIds():
                    if axisid not in vardomain:
                        allok = 0
                        break

            # It's a curvilinear grid
            if allok:
                if hasattr(lat, 'maskid'):
                    maskid = lat.maskid
                else:
                    maskid = ''
                return (lat.id, lon.id, 'yx', maskid, 'curveGrid'), lat, lon

        # Check for a generic grid:
        if lat.rank() == lon.rank() == 1:

            # check that they are defined on the same indices as self
            vardomain = self.getAxisIds()
            allok = 1
            for axisid in lat.getAxisIds():
                if axisid not in vardomain:
                    allok = 0
                    break
            if allok:
                for axisid in lon.getAxisIds():
                    if axisid not in vardomain:
                        allok = 0
                        break

            # It's a generic grid
            if allok:
                if hasattr(lat, 'maskid'):
                    maskid = lat.maskid
                else:
                    maskid = ''
                return (lat.id, lon.id, 'yx', maskid, 'genericGrid'), lat, lon

        return None, lat, lon


[docs]    def generateRectGridkey(self, lat, lon):
        """Determine if the variable is gridded, rectilinear.

           Parameters
           ----------
           lat : latitude axis
           lon : longitude axis

           Returns
           -------
           (latname, lonname, order, maskname, class) if gridded, None if not gridded."""

        ilat = ilon = -1
        k = 0
        for axis in self.getAxisList():
            if axis is lon:
                ilon = k
            elif axis is lat:
                ilat = k
            k += 1

        if ilat == -1:
            raise CDMSError(
                "Cannot find latitude axis; check standard_name and/or axis attributes")
        if ilon == -1:
            raise CDMSError(
                "Cannot find longitude axis; check standard_name and/or axis attributes")

        if ilat < ilon:
            order = "yx"
        else:
            order = "xy"
        gridkey = (lat.id, lon.id, order, '', 'rectGrid')

        return gridkey


[docs]    def isAbstractCoordinate(self):
        return 0


    # Set the variable grid
[docs]    def setGrid(self, grid):
        if grid is None:
            gridok = 1
        else:
            alist = [d[0] for d in self.getDomain()]
            gridok = grid.checkAxes(alist)
        if not gridok:
            raise CDMSError(
                "grid does not match axes for variable %s" %
                self.id)
        self._grid_ = grid


[docs]    def getDomain(self):
        "Get the list of axes"
        raise CDMSError("getDomain not overriden in child")


[docs]    def getConvention(self):
        "Get the metadata convention associated with this object."
        if hasattr(self, 'parent') and self.parent is not None:
            result = self.parent._convention_
        else:
            result = CF1
        return result


# A child class may want to override this
[docs]    def getAxis(self, n):
        """Get the n-th axis.

        Parameters
        ----------
        n : Axis number

        Returns
        -------
        if n < 0: n = n + self.rank()
        self.getDomain()[n][0]"""
        if n < 0:
            n = n + self.rank()
        return self.getDomain()[n][0]


[docs]    def getAxisIndex(self, axis_spec):
        """Get the index of the axis specificed by axis_spec.

        Parameters
        ----------
        axis_spec :

        Returns
        -------
        the axis index or -1 if no match is found.
        """
        for i in range(self.rank()):
            if axisMatches(self.getAxis(i), axis_spec):
                return i
        return -1


[docs]    def hasCellData(self):
        """
        If any of the variable's axis has explicit bounds, we have cell data
        otherwise we have point data.

        Returns
        -------
        True or False if axis has cell data.
        """
        for axis in self.getAxisList():
            if (axis.getExplicitBounds() is not None):
                return True
        return False


[docs]    def getAxisListIndex(self, axes=None, omit=None, order=None):
        """Get Axis List Index

        Returns
        -------
        a list of indices of axis objects

        Notes
        -----
        If axes is **not** `None`, include only certain axes.
        less the ones specified in omit.

        If axes is `None`, use all axes of this variable.

        Other specificiations are as for axisMatchIndex.
        """
        return axisMatchIndex(self.getAxisList(), axes, omit, order)


[docs]    def getAxisList(self, axes=None, omit=None, order=None):
        """Get the list of axis objects

        Notes

        If axes is **not** `None`, include only certain axes.
        If omit is **not** `None`, omit those specified by omit.

        Arguments omit or axes  may be as specified in axisMatchAxis

        order is an optional string determining the output order
        """
        alist = [d[0] for d in self.getDomain()]
        return axisMatchAxis(alist, axes, omit, order)


[docs]    def getAxisIds(self):
        """Get a list of axis identifiers.

        Returns
        -------
        array list of axis ids"""

        return [x[0].id for x in self.getDomain()]


    # Return the grid
[docs]    def getGrid(self):
        return self._grid_


[docs]    def getMissing(self, asarray=0):
        """Get Missing

        Parameters
        ----------
        asarray : '0' : scalar
        '1' : numpy array

        Returns
        -------
        the missing value as a scalar, or as a numpy array if asarray==1"""

        if hasattr(self, 'missing_value'):
            try:
                mv = self.missing_value.item()
            except BaseException:
                mv = self.missing_value

        if mv is None and hasattr(self, '_FillValue'):
            mv = self._FillValue

        if asarray == 0 and isinstance(mv, numpy.ndarray):
            mv = mv[0]
        if isinstance(mv, string_types) and self.dtype.char not in [
                '?', 'c', 'O', 'S']:
            try:
                mv = float(mv)
            except BaseException:
                if hasattr(self, '_FillValue'):
                    try:
                        mv = float(self._FillValue)
                    except BaseException:
                        mv = None
                else:
                    mv = None
        return mv


[docs]    def _setmissing(self, name, value):
        self.setMissing(value)


[docs]    def setMissing(self, value):
        """Set the missing value.

        Parameters
        ----------
        value : scalar, a single-valued numpy array, or None.

        Note :

        The value is cast to the same type as the variable."""

        # Check for None first, so that constructors can
        # set missing_value before typecode() is initialized.
        if value is None:
            self._basic_set('missing_value', value)
            return

        selftype = self.typecode()
        valuetype = type(value)
        if valuetype is numpy.ndarray:
            value = value.astype(selftype).item()
        elif isinstance(value, numpy.floating) or isinstance(value, numpy.integer):
            value = numpy.array([value], selftype)
        elif valuetype in [float, int, int, complex]:
            try:
                value = numpy.array([value], selftype)
            # Set fill value when ar[i:j] returns a masked value
            except BaseException:
                value = numpy.array(
                    [numpy.ma.default_fill_value(self)], selftype)
        # '?' for Boolean and object
        elif isinstance(value, (str, numpy.string_, numpy.str,
                                numpy.string0, numpy.str_)) and selftype in ['?', 'c', 'O', 'S']:
            pass
        else:
            raise CDMSError('Invalid missing value %s' % repr(value))

        self.missing_value = value


[docs]    def getTime(self):
        """Get the first time dimension.

        Returns
        -------
        First Time dimension axis or `None`.
        """
        for k in range(self.rank()):
            axis = self.getAxis(k)
            if axis.isTime():
                return axis
                break
        else:
            return None


[docs]    def getForecastTime(self):
        """Get the first forecast time dimension.

        Returns
        -------
        First forecast time dimension axis or `None`.
        """
        for k in range(self.rank()):
            axis = self.getAxis(k)
            if axis.isForecast():
                return axis
                break
        else:
            return None


[docs]    def getForecast(self):
        return self.getForecastTime()


[docs]    def getLevel(self):
        """Get the first vertical level dimension in the domain.

        Returns
        -------
        First vertical level dimension axis or `None`.
        """
        for k in range(self.rank()):
            axis = self.getAxis(k)
            if axis.isLevel():
                return axis
                break
        else:
            return None


[docs]    def getLatitude(self):
        """Get the first latitude dimension.

        Returns
        -------
        First latitude dimension axis or `None`.
        """
        grid = self.getGrid()
        if grid is not None:
            result = grid.getLatitude()
        else:
            result = None

        if result is None:
            for k in range(self.rank()):
                result = self.getAxis(k)
                if result.isLatitude():
                    break
            else:
                result = None

        return result


[docs]    def getLongitude(self):
        """Get the first longitude dimension.

        Returns
        -------
       First longitude dimension axis or `None`.
        """

        grid = self.getGrid()
        if grid is not None:
            result = grid.getLongitude()
        else:
            result = None

        if result is None:
            for k in range(self.rank()):
                result = self.getAxis(k)
                if result.isLongitude():
                    break
            else:
                result = None

        return result


    # Get an order string, such as "tzyx"
[docs]    def getOrder(self, ids=0):
        """
        Get Order

        Parameters
        ----------
        id : 0 or 1

        Returns
        -------
        the order string, such as t, z, y, x (time, level, lat, lon).

        Notes

        * if ids == 0 (the default) for an axis that is not t,z,x,y
          the order string will contain a (-) character in that location.
          The result string will be of the same length as the number
          of axes. This makes it easy to loop over the dimensions.

        * if ids == 1 those axes will be represented in the order
          string as (id) where id is that axis' id. The result will
          be suitable for passing to order2index to get the
          corresponding axes, and to orderparse for dividing up into
          components.
        """
        order = ""
        for k in range(self.rank()):
            axis = self.getAxis(k)
            if axis.isLatitude():
                order = order + "y"
            elif axis.isLongitude():
                order = order + "x"
            elif axis.isLevel():
                order = order + "z"
            elif axis.isTime():
                order = order + "t"
            elif ids:
                order = order + '(' + axis.id + ')'
            else:
                order = order + "-"
        return order


[docs]    def subSlice(self, *specs, **keys):
        speclist = self._process_specs(specs, keys)
        numericSqueeze = keys.get('numericSqueeze', 0)

        # Get a list of single-index specs
        if numericSqueeze:
            singles = self._single_specs(specs)
        else:
            singles = None
        slicelist = self.specs2slices(speclist, force=1)
        d = self.expertSlice(slicelist)
        squeeze = keys.get('squeeze', 0)
        raw = keys.get('raw', 0)
        order = keys.get('order', None)
        grid = keys.get('grid', None)
        # Force result to have these axes
        forceaxes = keys.get('forceaxes', None)
        raweasy = raw == 1 and order is None and grid is None
        if not raweasy:
            if forceaxes is None:
                axes = []
                allaxes = [None] * self.rank()
                for i in range(self.rank()):
                    slice = slicelist[i]
                    if squeeze and numpy.ma.size(d, i) == 1:
                        continue
                    elif numericSqueeze and i in singles:
                        continue
                    # Don't wrap square-bracket slices
                    axis = self.getAxis(i).subaxis(
                        slice.start, slice.stop, slice.step, wrap=(
                            numericSqueeze == 0))
                    axes.append(axis)
                    allaxes[i] = axis
            else:
                axes = forceaxes

            # Slice the grid, if non-rectilinear. Don't carry rectilinear grids, since
            # they can be inferred from the domain.
            selfgrid = self.getGrid()
            if selfgrid is None or isinstance(selfgrid, AbstractRectGrid):
                resultgrid = None
            else:
                alist = [item[0] for item in self.getDomain()]
                gridslices, newaxes = selfgrid.getGridSlices(
                    alist, allaxes, slicelist)

                # If one of the grid axes was squeezed, the result grid is None
                if None in newaxes:
                    resultgrid = None
                else:
                    resultgrid = selfgrid.subSlice(
                        *gridslices, **{'forceaxes': newaxes})

        resultArray = self._returnArray(d, squeeze, singles=singles)
        if self.isEncoded():
            resultArray = self.decode(resultArray)
            newmissing = resultArray.fill_value
        else:
            newmissing = self.getMissing()

        if raweasy:
            return resultArray
        elif len(axes) > 0:

            # If forcing use of input axes, make sure they are not copied.
            # Same if the grid is not rectilinear - this is when forceaxes is
            # set.
            copyaxes = (forceaxes is None) and (resultgrid is None)
            result = TransientVariable(resultArray,
                                       copy=0,
                                       fill_value=newmissing,
                                       axes=axes,
                                       copyaxes=copyaxes,
                                       grid=resultgrid,
                                       attributes=self.attributes,
                                       id=self.id)
            if grid is not None:
                order2 = grid.getOrder()
                if order is None:
                    order = order2
                elif order != order2:
                    raise CDMSError('grid, order options not compatible.')
            result = result.reorder(order).regrid(grid)
            if raw == 0:
                return result
            else:
                return result.getSlice(squeeze=0, raw=1)

        else:               # Return numpy.ma for zero rank, so that __cmp__ works.
            return resultArray


[docs]    def getSlice(self, *specs, **keys):
        """getSlice takes arguments of the following forms and produces
           a return array.

           Parameters
           ----------
           raw : if set to 1, return numpy.ma only
           squeeze : if set to 1, eliminate any dimension of length 1
           grid : if given, result is regridded ont this grid.
           order : if given, result is permuted into this order
           numericSqueeze : if index slice is given, eliminate that dimension.
           isitem : if given, result is return as a scaler for 0-D data

           Notes

           There can be zero or more positional arguments, each of the form:

           #. a single integer n, meaning slice(n, n+1)
           #. an instance of the slice class
           #. a tuple, which will be used as arguments to create a slice
           #. `None` or `:`, which means a slice covering that entire dimension
           #. Ellipsis (...), which means to fill the slice list with `:`
             leaving only enough room at the end for the remaining positional arguments

           There can be keyword arguments of the form key = value, where
           key can be one of the names `time`, `level`, `latitude`, or
           `longitude`. The corresponding value can be any of (1)-(5) above.

           There must be no conflict between the positional arguments and
           the keywords.

           In (1)-(5) negative numbers are treated as offsets from the end
           of that dimension, as in normal Python indexing.
        """
        # Turn on squeeze and raw options by default.
        keys['numericSqueeze'] = keys.get('numericSqueeze', 0)
        keys['squeeze'] = keys.get('squeeze', 1 - keys['numericSqueeze'])
        keys['raw'] = keys.get('raw', 1)
        keys['order'] = keys.get('order', None)
        keys['grid'] = keys.get('grid', None)
        isitem = keys.get('isitem', 0)
        result = self.subSlice(*specs, **keys)

        # return a scalar for 0-D slices
        if isitem and result.size == 1 and (
                not _numeric_compatibility) and not result.mask.item():
            result = result.item()
        return result


[docs]    def expertSlice(self, slicelist):
        raise CDMSError(NotImplemented + 'expertSlice')


[docs]    def getRegion(self, *specs, **keys):
        """ Read a region of data. A region is an n-dimensional rectangular region specified in coordinate space.

        Parameters
        ----------
        slice : is an argument list, each item of which has one of the following forms:
                * x, where x is a scalar
                    * Map the scalar to the index of the closest coordinate value.
                * (x, y)
                    * Map the half-open coordinate interval [x,y) to index interval.
                * (x, y, 'cc')
                    * Map the closed interval [x,y] to index interval. Other options
                      are 'oo' (open), 'oc' (open on the left), and 'co'
                      (open on the right, the default).
                * (x, y, 'co', cycle)
                    * Map the coordinate interval with wraparound. If no cycle is
                      specified, wraparound will occur iff axis.isCircular() is true.
        Ellipsis : Represents the full range of all dimensions bracketed by non-Ellipsis items.
        None, colon : Represents the full range of one dimension.

        Notes

        Only one dimension may be wrapped.


        Example

        Suppose the variable domain is `(time, level, lat, lon)`. Then

            >>> getRegion((10, 20), 850, Ellipsis,(-180, 180))

            retrieves :
                * all times t such that 10.<=t<20.
                * level 850.
                * all values of all dimensions between level and lon (namely, lat).
                * longitudes x such that -180<=x<180. This will be wrapped unless lon.topology=='linear'.
        """

        # By default, squeeze and raw options are on
        keys['squeeze'] = keys.get('squeeze', 1)
        keys['raw'] = keys.get('raw', 1)
        keys['order'] = keys.get('order', None)
        keys['grid'] = keys.get('grid', None)
        return self.subRegion(*specs, **keys)


[docs]    def subRegion(self, *specs, **keys):

        speclist = self._process_specs(specs, keys)
        slicelist = self.reg_specs2slices(speclist)

        squeeze = keys.get('squeeze', 0)
        raw = keys.get('raw', 0)
        order = keys.get('order', None)
        grid = keys.get('grid', None)
        raweasy = raw == 1 and order is None and grid is None
        if grid is not None and order is None:
            order = grid.getOrder()

        # Check if any slice wraps around.

        wrapdim = -1

        axes = []

        circulardim = None

        for idim in range(len(slicelist)):
            item = slicelist[idim]
            axis = self.getAxis(idim)
            axislen = len(axis)

            if(axis.isCircular()):
                circulardim = idim

            wraptest1 = (axis.isCircular() and speclist[idim] != unspecified)
            start, stop = item.start, item.stop
            wraptest2 = not (
                (start is None or (
                    0 <= start < axislen)) and (
                    stop is None or (
                        0 <= stop <= axislen)))

            if (wraptest1 and wraptest2):
                if wrapdim >= 0:
                    raise CDMSError("Too many dimensions wrap around.")
                wrapdim = idim
                break

        else:

            # No wraparound, just read the data

            # redo the speclist -> slice if passed circular test but not
            # wrapped test

            if(circulardim is not None):
                slicelist = self.reg_specs2slices(speclist, force=circulardim)

            d = {'raw': raw,
                 'squeeze': squeeze,
                 'order': order,
                 'grid': grid,
                 }
            return self.subSlice(*slicelist, **d)

        #
        #  get the general wrap slice (indices that are neg -> pos and vica versa)
        #

        wrapslice = slicelist[wrapdim]
        wrapaxis = self.getAxis(wrapdim)
        length = len(wrapaxis)

        #
        # shift the wrap slice to the positive side and calc number of cycles shifted
        #

        wb = wrapslice.start
        we = wrapslice.stop
        ws = wrapslice.step
        size = length
        cycle = self.getAxis(wrapdim).getModulo()

        #
        # ncycle:
        #   number of cycles for slicing purposes and
        #   resetting world coordinate from the positive only direction
        #
        # ncyclesrev:
        #    resetting the world coordinate for reversed direction
        #

        ncycles = 0
        ncyclesrev = 0

        if(ws > 0):

            if(wb > 0):
                ncycles = 1
                while(wb >= 0):
                    wb = wb - size
                    we = we - size
                    ncycles = ncycles - 1
            else:
                ncycles = 0
                while(wb < 0):
                    wb = wb + size
                    we = we + size
                    ncycles = ncycles + 1

            if(wb < 0):
                wb = wb + size
                we = we + size

        #  reversed direction

        else:

            # do the ncycles for resetting world coordinate
            wbrev = wb
            werev = we
            werevNoneTest = 0
            if(werev is None):
                werev = 0
                werevNoneTest = 1

            ncycleRevStart = 1
            if(wbrev > 0):
                ncyclesrev = ncycleRevStart
                while(wbrev >= 0):
                    wbrev = wbrev - size
                    werev = werev - size
                    ncyclesrev = ncyclesrev - 1
            else:
                ncyclesrev = 0
                while(wbrev < 0):
                    wbrev = wbrev + size
                    werev = werev + size
                    ncyclesrev = ncyclesrev + 1

            while(werev < 0):
                wbrev = wbrev + size
                werev = werev + size

            # number of cycles to make the slice positive
            while(we < 0 and we is not None):
                wb = wb + size
                we = we + size
                ncycles = ncycles + 1

            wb = wbrev
            we = werev
            if(werevNoneTest):
                we = None

        wrapslice = slice(wb, we, ws)

        #
        #  calc the actual positive slices and create data array
        #

        donew = 1

        if(donew):

            wraps = splitSliceExt(wrapslice, length)

            for kk in range(0, len(wraps)):
                sl = wraps[kk]

                slicelist[wrapdim] = sl

                if(kk == 0):
                    ar1 = self.getSlice(squeeze=0, *slicelist)
                    result = ar1
                else:
                    ar2 = self.getSlice(squeeze=0, *slicelist)
                    result = numpy.ma.concatenate((result, ar2), axis=wrapdim)

        else:

            wrap1, wrap2 = splitSlice(wrapslice, length)
            slicelist[wrapdim] = wrap1
            ar1 = self.getSlice(squeeze=0, *slicelist)
            slicelist[wrapdim] = wrap2
            ar2 = self.getSlice(squeeze=0, *slicelist)
            result = numpy.ma.concatenate((ar1, ar2), axis=wrapdim)

        if raweasy:
            return self._returnArray(result, squeeze)

        # ----------------------------------------------------------------------
        #
        #  set ALL the axes (transient variable)
        #
        # ----------------------------------------------------------------------

        axes = []
        for i in range(self.rank()):
            if squeeze and numpy.ma.size(result, i) == 1:
                continue

            sl = slicelist[i]

            if i == wrapdim:

                axis = self.getAxis(i).subAxis(wb, we, ws)

                if(ws > 0):
                    delta_beg_wrap_dimvalue = ncycles * cycle
                else:
                    delta_beg_wrap_dimvalue = ncyclesrev * cycle

                isGeneric = [False]
                b = axis.getBounds(isGeneric) - delta_beg_wrap_dimvalue
                axis.setBounds(b, isGeneric=isGeneric[0])

                axis[:] = (
                    axis[:] -
                    delta_beg_wrap_dimvalue).astype(
                    axis.typecode())

            else:
                axis = self.getAxis(i).subaxis(sl.start, sl.stop, sl.step)
            axes.append(axis)

        result = self._returnArray(result, squeeze)
        result = TransientVariable(result,
                                   copy=0,
                                   fill_value=self.missing_value,
                                   axes=axes,
                                   attributes=self.attributes,
                                   id=self.id)
        if grid is not None:
            order2 = grid.getOrder()
            if order is None:
                order = order2
            elif order != order2:
                raise CDMSError('grid, order options not compatible.')

        result = result.reorder(order).regrid(grid)
        if raw == 0:
            return result
        else:
            return result.getSlice(squeeze=0, raw=1)


[docs]    def getValue(self, squeeze=1):
        """Get the entire set of values.

        Returns
        -------
        All values and elimite the 1-D dimension.
        """
        return self.getSlice(Ellipsis, squeeze=squeeze)


[docs]    def assignValue(self, data):
        raise CDMSError(NotImplemented + 'assignValue')


[docs]    def reorder(self, order):
        """Reorder per the specification order.

        Parameters
        ----------
        order : string can be "tzyx" with all possible axes permutation.

        Returns
        -------
        New reordered variable.
        """

        if order is None:
            return self
        axes = self.getAxisList()
        permutation = order2index(axes, order)
        if permutation == list(range(len(axes))):
            return self
        return MV.transpose(self, permutation)


[docs]    def regrid(self, togrid, missing=None, order=None, mask=None, **keywords):
        """return self regridded to the new grid.
        One can use the regrid2.Regridder optional arguments as well.

        Example

        >>> new_cdmsVar = cdmsVar.regrid(newGrid)  # uses libcf
        >>> new_cdmsVar = cdmsVar.regrid(newGrid, regridMethod = 'conserve', coordSys = 'cart')

        Parameters
        ----------
        togrid : togrid destination grid. CDMS grid
        missing : Optional missing missing values
        order : Optional order axis order
        mask : Optional mask grid/data mask

        **keyords
        keywords optional keyword arguments dependent on regridTool

        Returns
        -------
        regridded variable
        """
        # there is a circular dependency between cdms2 and regrid2. In
        # principle, cdms2 files should not import regrid2, we're bending
        # rules here...
        import regrid2
        from regrid2 import Horizontal

        if togrid is None:
            return self
        else:

            fromgrid = self.getGrid()  # this returns the horizontal grid only

            # default w/o bounds
            regridTool = 'libcf'
            regridMethod = 'linear'

            if 'topology' in self.getAxis(-1).attributes:
                if self.getAxis(-1).attributes['topology'] == 'circular':
                    # for the ESMF regridders if periodicity is not set.
                    if 'periodicity' not in keywords.keys():
                        keywords['periodicity'] = guessPeriodicity(
                            getBoundList(_getCoordList(self.getGrid())))
                    keywords['mkCyclic'] = 1    # for LibCF regridder

            # check if there are bounds and we have esmf
            if fromgrid.getBounds() is not None and hasattr(regrid2, "ESMFRegrid"):
                regridTool = 'esmf'
                regridMethod = 'linear'
                # Hum ok if only 1 longitude regrid fails, let's check
                if len(togrid.getLongitude()) == 1:
                    # esmf can't deal with this
                    regridTool = "regrid2"

            # let user override
            userSpecifiesMethod = False
            for rm in 'rm', 'method', 'regridmethod', 'regrid_method', 'regridMethod':
                if rm in keywords:
                    regridMethod = keywords[rm]
                    del keywords[rm]
                    userSpecifiesMethod = True

            userSpecifiesTool = False
            for rt in 'rt', 'tool', 'regridtool', 'regrid_tool', 'regridTool':
                if rt in keywords:
                    regridTool = keywords[rt]
                    del keywords[rt]
                    userSpecifiesTool = True

            # the method determines the tool
            if re.search('conserv', regridMethod, re.I) or \
               re.search('patch', regridMethod, re.I):
                # only esmf can do conservative and patch
                regridTool = 'esmf'

            # make sure the tool can do it
            if re.search('^regrid', regridTool, re.I) is not None and \
                    (len(fromgrid.getLatitude().shape) > 1 or
                     len(togrid.getLatitude().shape) > 1):
                message = """
avariable.regrid: regrid2 cannot do curvilinear, will switch to esmf..."
                """
                warnings.warn(message, Warning)
                regridTool = 'esmf'

            if re.search('esmf', regridTool, re.I):
                # make sure source grids have bounds
                haveBounds = True
                for g in fromgrid, :
                    for c in g.getLatitude(), g.getLongitude():
                        haveBounds &= (c.getBounds() is not None)
                if not haveBounds:
                    message = """
avariable.regrid: regridTool = 'esmf' requires bounds for source grid, will switch to regridTool = 'libcf'
                    """
                    warnings.warn(message, Warning)
                    regridTool = 'libcf'
                    regridMethod = 'linear'
                if not hasattr(regrid2, "ESMFRegrid"):
                    message = """
avariable.regrid: regridTool = 'esmf' but your version does not
seems to be built with esmf, will switch to regridTool = 'libcf'
                  """
                    warnings.warn(message, Warning)
                    regridTool = 'libcf'
                    regridMethod = 'linear'

            if re.search('conserv', regridMethod, re.I):
                # make sure destination grid has bounds
                haveBounds = True
                for g in togrid, :
                    for c in g.getLatitude(), g.getLongitude():
                        haveBounds &= (c.getBounds() is not None)
                if not haveBounds:
                    message = """
avariable.regrid: regridMethod = 'conserve' requires bounds for destination grid, will switch to regridMethod = 'linear'
                    """
                    warnings.warn(message, Warning)
                    regridMethod = 'linear'

            if not userSpecifiesTool and re.search(
                    '^regrid', regridTool, re.I) is None:
                message = """
avariable.regrid: We chose regridTool = %s for you among the following choices:
   Tools ->    'regrid2' (old behavior)
               'esmf' (conserve, patch, linear) or
               'libcf' (linear)""" % regridTool
                warnings.warn(message, Warning)

            if not userSpecifiesMethod and re.search(
                    '^regrid', regridTool, re.I) is None:
                message = """
avariable.regrid: We chose regridMethod = %s for you among the following choices:
    'conserve' or 'linear' or 'patch'""" % regridMethod
                warnings.warn(message, Warning)

            if re.search('^regrid', regridTool, re.I):
                if 'diag' in keywords and \
                        isinstance(keywords['diag'], dict):
                    keywords['diag']['regridTool'] = 'regrid'

                # the original cdms2 regridder
                regridf = Horizontal(fromgrid, togrid)
                return regridf(self, missing=missing, order=order,
                               mask=mask, **keywords)

            # emsf or libcf...

            srcGridMask = None
            # set the source mask if a mask is defined with the source data
#            if numpy.any(self.mask == True):
#                srcGridMask = getMinHorizontalMask(self)

            # compute the interpolation weights
            ro = CdmsRegrid(fromgrid, togrid,
                            dtype=self.dtype,
                            regridMethod=regridMethod,
                            regridTool=regridTool,
                            srcGridMask=srcGridMask,
                            srcGridAreas=None,
                            dstGridMask=None,
                            dstGridAreas=None,
                            **keywords)
            # now interpolate
            return ro(self, **keywords)


[docs]    def pressureRegrid(self, newLevel, missing=None, order=None, method="log"):
        """Return the variable regridded to new pressure levels.
        The variable should be a function of lat, lon, pressure, and (optionally) time.

        Parameters
        ----------
        newLevel : is an axis of the result pressure levels.
        method : is optional, either `log` to interpolate in the log of pressure (default),
                 or `linear` for linear interpolation.
        missing and order : are as for regrid.PressureRegridder.

        """
        from regrid2 import PressureRegridder

        fromlevel = self.getLevel()
        if fromlevel is None:
            raise CDMSError('No pressure level')
        pregridf = PressureRegridder(fromlevel, newLevel)
        result = pregridf(self, missing=missing, order=order, method=method)
        return result


[docs]    def crossSectionRegrid(self, newLevel, newLatitude,
                           missing=None, order=None, method="log"):
        """Return the variable regridded to new pressure levels and latitudes.
        The variable should be a function of lat, level, and (optionally) time.

        Parameters
        ----------
        newLevel : is an axis of the result pressure levels.
        newLatitude : is an axis of latitude values.
        method : Optional either "log" to interpolate in the log of pressure (default),
                 or "linear" for linear interpolation.
        missing and order : are as for regrid.CrossSectionRegridder.

        """
        from regrid2 import CrossSectionRegridder

        fromlevel = self.getLevel()
        fromlat = self.getLatitude()
        if fromlevel is None:
            raise CDMSError('No pressure level')
        if fromlat is None:
            raise CDMSError('No latitude level')
        xregridf = CrossSectionRegridder(
            fromlat, newLatitude, fromlevel, newLevel)
        result = xregridf(self, missing=missing, order=order, method=method)
        return result


[docs]    def _process_specs(self, specs, keys):
        """Process the arguments for a getSlice, getRegion, etc.
           time, level, latitude, longitude keywords handled here

           Returns
           -------
           An array of specifications for all dimensions.
           Any Ellipsis has been eliminated.
        """
        myrank = self.rank()
        nsupplied = len(specs)
        # numpy will broadcast if we have a new axis in specs
        # ---------------------------------------------------
        if [x for x in specs if numpy.array_equal(x, numpy.newaxis)] == [
                numpy.newaxis]:
            nnewaxis = 1
        else:
            nnewaxis = 0

        if [x for x in specs if numpy.array_equal(x, Ellipsis)] == [Ellipsis]:
            nellipses = 1
        else:
            nellipses = 0

        if nsupplied - nellipses - nnewaxis > myrank:
            raise CDMSError(InvalidRegion +
                            "too many dimensions: %d, for variable %s" % (len(specs), self.id))

        speclist = [unspecified] * myrank
        i = 0
        j = 0
        while i < nsupplied:
            if (specs[i] is Ellipsis) or (specs[i] is numpy.newaxis):
                j = myrank - (nsupplied - (i + 1))
            else:
                speclist[j] = specs[i]
                j = j + 1
            i = i + 1

        for k, v in list(keys.items()):
            if k in ['squeeze', 'raw', 'grid', 'order']:
                continue
            i = self.getAxisIndex(k)
            if i >= 0:
                if speclist[i] is not unspecified:
                    raise CDMSError(
                        'Conflict between specifier %s and %s' %
                        (repr(
                            speclist[i]),
                            repr(keys)))
                speclist[i] = v
        # Replace remaining unspecified for slice(None, ...)
        for i in range(myrank):
            if speclist[i] is unspecified:
                speclist[i] = slice(None, None, None)

        return speclist


[docs]    def _single_specs(self, specs):
        """Return a list of dimension indices where the spec is an index."""
        myrank = self.rank()
        nsupplied = len(specs)
        i = 0
        j = 0
        singles = []
        while i < nsupplied:
            if specs[i] is Ellipsis:
                j = myrank - (nsupplied - (i + 1))
            else:
                if isinstance(specs[i], int):
                    singles.append(j)
                j = j + 1
            i = i + 1
        return singles


[docs]    def specs2slices(self, speclist, force=None):
        """Create an equivalent list of slices from an index specification.
           An index specification is a list of acceptable items, which are

               * an integer
               * a slice instance (slice(start, stop, stride))
               * the object "unspecified"
               * the object None
               * a colon

           The size of the speclist must be self.rank()

        """
        if len(speclist) != self.rank():
            raise CDMSError("Incorrect length of speclist in specs2slices.")
        slicelist = []
        for i in range(self.rank()):
            key = speclist[i]
            if isinstance(key, int):  # x[i]
                slicelist.append(slice(key, key + 1))
            elif isinstance(key, slice):  # x[i:j:k]
                slicelist.append(key)
            elif key is unspecified or key is None or key == ':':
                slicelist.append(slice(0, len(self.getAxis(i))))
            elif key is Ellipsis:
                raise CDMSError("Misuse of ellipsis in specification.")
            elif isinstance(key, tuple):
                slicelist.append(slice(*key))
            else:
                raise CDMSError('invalid index: %s' % str(key))
        # Change default or negative start, stop to positive
        for i in range(self.rank()):
            axis = self.getAxis(i)
            length = len(axis)
            start = slicelist[i].start
            stop = slicelist[i].stop
            step = slicelist[i].step
            #
            # allow negative indices in a wrapped (isCircular() = 1) axis
            #
            circular = (axis.isCircular() and force is None)

            altered = 0
            if step is None:
                altered = 1
                step = 1

            if ((start is None or stop is None or start <
                 0 or stop < 0) and (circular == 0)):
                altered = 1
                adjustit = 1
                if step > 0:
                    if start is None:
                        start = 0
                    if stop is None:
                        stop = length
                    if start == -1 and stop == 0:
                        stop = length
                else:
                    if start is None:
                        start = length - 1
                    if stop is None:
                        # stop=-1
                        adjustit = 0
                if (start is None or start < 0):
                    start = start % length
                if (stop is None or stop < 0) and adjustit:
                    stop = stop % length
            if altered:
                slicelist[i] = slice(start, stop, step)
        return slicelist


[docs]    def reg_specs2slices(self, initspeclist, force=None):

        # Don't use input to store return value
        speclist = copy.copy(initspeclist)

        for i in range(self.rank()):
            item = speclist[i]
            if isinstance(item, slice):
                newitem = item
            elif item == ':' or item is None or item is unspecified:
                axis = self.getAxis(i)
                newitem = slice(0, len(axis))
            elif isinstance(item, list) or \
                    isinstance(item, tuple):
                axis = self.getAxis(i)
                if len(item) == 2:        # (start,end)
                    indexInterval = axis.mapIntervalExt(item)
                elif len(item) == 3:      # (start,end,'xxx')
                    coordInterval = (item[0], item[1])
                    indexInterval = axis.mapIntervalExt(coordInterval, item[2])
                elif len(item) == 4:
                    coordInterval = (item[0], item[1])
                    indexInterval = axis.mapIntervalExt(
                        coordInterval, item[2], item[3])
                elif len(item) == 5:
                    coordInterval = (item[0], item[1])
                    indexInterval = axis.mapIntervalExt(
                        coordInterval, item[2], item[3], item[4])
                elif len(item) == 6:
                    coordInterval = (item[0], item[1])
                    indexInterval = axis.mapIntervalExt(
                        coordInterval, item[2], item[3], item[4], item[5])
                else:
                    raise CDMSError(
                        InvalidRegion +
                        "invalid format for coordinate interval: %s" %
                        str(item))
                if indexInterval is None:
                    raise CDMSError(OutOfRange + str(item))
                newitem = slice(
                    indexInterval[0],
                    indexInterval[1],
                    indexInterval[2])
            elif isinstance(item, numpy.floating) or \
                    isinstance(item, float) or \
                    isinstance(item, numpy.integer) or \
                    isinstance(item, int) or \
                    isinstance(item, int) or \
                    isinstance(item, string_types) or \
                    type(item) in CdtimeTypes:
                axis = self.getAxis(i)
                #
                # default is 'ccn' in axis.mapIntervalExt
                #
                indexInterval = axis.mapIntervalExt((item, item))
                if indexInterval is None:
                    raise CDMSError(OutOfRange + str(item))
                newitem = slice(
                    indexInterval[0],
                    indexInterval[1],
                    indexInterval[2])
            else:
                raise CDMSError(
                    InvalidRegion +
                    "invalid format for coordinate interval: %s" %
                    str(item))

            speclist[i] = newitem

        slicelist = self.specs2slices(speclist, force)
        return slicelist


[docs]    def _decodedType(self):
        "The datatype after decoding."
        if hasattr(self, 'scale_factor') and isinstance(
                self.scale_factor, numpy.ndarray):
            result = self.scale_factor.dtype.char
        elif hasattr(self, 'add_offset') and isinstance(self.add_offset, numpy.ndarray):
            result = self.add_offset.dtype.char
        else:
            result = numpy.float32
        return result


[docs]    def isEncoded(self):
        "True if self is represented as packed data."
        return (hasattr(self, "scale_factor") or hasattr(self, "add_offset"))


[docs]    def decode(self, ar):
        """Decode compressed data.

        Parameters
        ----------
        ar : is a masked array, scalar, or numpy.ma.masked.
        """

        resulttype = self._decodedType()
        if hasattr(self, 'scale_factor'):
            scale_factor = self.scale_factor
        else:
            scale_factor = numpy.array([1.0], resulttype)

        if hasattr(self, 'add_offset'):
            add_offset = self.add_offset
        else:
            add_offset = numpy.array([0.0], resulttype)

        if ar is not numpy.ma.masked:
            result = scale_factor * ar.data[:] + add_offset
            if isinstance(ar, numpy.ma.MaskedArray):
                result = numpy.ma.masked_array(
                    result, mask=ar.mask).astype(resulttype)
                numpy.ma.set_fill_value(
                    result, numpy.ma.default_fill_value(0.))
            else:
                tmp = numpy.array(result)
                result = tmp.astype(resulttype)[0]
            return result
        else:
            return ar


[docs]    def getGridIndices(self):
        """
        Get Grid Indices

        Returns
        -------
        a tuple of indices corresponding to the variable grid."""
        grid = self.getGrid()
        result = []
        if grid is not None:
            gridaxes = grid.getAxisList()
            varaxes = [d[0] for d in self.getDomain()]

            for i in range(len(gridaxes)):
                for j in range(len(varaxes)):
                    if gridaxes[i] is varaxes[j]:
                        result.append(j)
                        break
                else:
                    raise CDMSError(
                        'Variable and grid do not share common dimensions: %s' %
                        self.id)

        return tuple(result)


    # numpy.ma overrides

[docs]    def squeeze(self):
        return(MV.squeeze(self))


[docs]    def __getitem__(self, key):
        if isinstance(key, tuple):
            speclist = self._process_specs(key, {})
        else:
            if isinstance(key, int) and key >= len(self):
                raise IndexError("Index too large: %d" % key)
            speclist = self._process_specs([key], {})

        if [x for x in speclist if (isinstance(
                x, numpy.ndarray) or isinstance(x, list))] != []:
            index = [
                x for x in speclist if (
                    isinstance(
                        x, numpy.ndarray) or isinstance(
                        x, list))]
            return self.data.take(index)
        # Note: raw=0 ensures that a TransientVariable is returned
        return self.getSlice(numericSqueeze=1, raw=0, isitem=1, *speclist)


[docs]    def __getslice__(self, low, high):

        # Note: raw=0 ensures that a TransientVariable is returned
        return self.getSlice(slice(low, high), numericSqueeze=1, raw=0)


[docs]    def typecode(self):
        raise CDMSError(NotImplemented + 'typecode')


[docs]    def __abs__(self):
        return MV.absolute(self)


[docs]    def __neg__(self):
        return MV.negative(self)


[docs]    def __add__(self, other):
        return MV.add(self, other)


[docs]    def __copy__(self):
        return MV.array(self, copy=1)


    __radd__ = __add__

[docs]    def __lshift__(self, n):
        return MV.left_shift(self, n)


[docs]    def __rshift__(self, n):
        return MV.right_shift(self, n)


[docs]    def __sub__(self, other):
        return MV.subtract(self, other)


[docs]    def __rsub__(self, other):
        return MV.subtract(other, self)


[docs]    def __mul__(self, other):
        return MV.multiply(self, other)


    __rmul__ = __mul__

[docs]    def __floordiv__(self, other):
        return MV.floor_divide(self, other)


[docs]    def __truediv__(self, other):
        return MV.true_divide(self, other)


[docs]    def __div__(self, other):
        return MV.divide(self, other)


[docs]    def __rdiv__(self, other):
        return MV.divide(other, self)


[docs]    def __pow__(self, other, third=None):
        return MV.power(self, other, third)


[docs]    def __iadd__(self, other):
        "Add other to self in place."
        return MV.add(self, other)   # See if we can improve these later.


[docs]    def __isub__(self, other):
        "Subtract other from self in place."
        return MV.subtract(self, other)   # See if we can improve these later.


[docs]    def __imul__(self, other):
        "Multiply self by other in place."
        return MV.multiply(self, other)   # See if we can improve these later.


[docs]    def __idiv__(self, other):
        "Divide self by other in place."
        return MV.divide(self, other)   # See if we can improve these later.


[docs]    def __eq__(self, other):
        return MV.equal(self, other)


[docs]    def __ne__(self, other):
        return MV.not_equal(self, other)


[docs]    def __lt__(self, other):
        return MV.less(self, other)


[docs]    def __le__(self, other):
        return MV.less_equal(self, other)


[docs]    def __gt__(self, other):
        return MV.greater(self, other)


[docs]    def __ge__(self, other):
        return MV.greater_equal(self, other)


[docs]    def __sqrt__(self):
        return MV.sqrt(self)


[docs]    def astype(self, tc):
        "return self as array of given type."
        return self.subSlice().astype(tc)




# internattr.add_internal_attribute(AbstractVariable, 'id', 'parent')
# PropertiedClasses.set_property(AbstractVariable, 'missing_value', acts=AbstractVariable._setmissing, nodelete=1)
__rp = r'\s*([-txyz0-9]{1,1}|\(\s*\w+\s*\)|[.]{3,3})\s*'
__crp = re.compile(__rp)


[docs]def orderparse(order):
    """Parse an order string. Returns a list of axes specifiers.

       Note:

           Order elements can be:
              * Letters t, x, y, z meaning time, longitude, latitude, level
              * Numbers 0-9 representing position in axes
              * The letter - meaning insert the next available axis here.
              * The ellipsis ... meaning fill these positions with any remaining axes.
              * (name) meaning an axis whose id is name
    """
    if not isinstance(order, string_types):
        raise CDMSError('order arguments must be strings.')
    pos = 0
    result = []
    order = order.strip()
    while pos < len(order):
        m = __crp.match(order, pos)
        if m is None:
            break
        r = m.group(1)
        if r[0] == '(':
            pass
        elif r == '...':
            r = Ellipsis
        elif len(r) == 1:
            if r in string.digits:
                r = int(r)
        result.append(r)
        pos = m.end(0)

    if pos != len(order):
        raise CDMSError('Order string "' + order +
                        '" malformed, index ' + str(pos))
    return result



[docs]def order2index(axes, order):
    """Find the index permutation of axes to match order.
       The argument order is a string.

       Note:

           Order elements can be:
              * Letters t, x, y, z meaning time, longitude, latitude, level.
              * Numbers 0-9 representing position in axes
              * The letter - meaning insert the next available axis here.
              * The ellipsis ... meaning fill these positions with any remaining axes.
              * (name) meaning an axis whose id is name.
    """
    if isinstance(order, string_types):
        result = orderparse(order)
    elif isinstance(order, list):
        result = order
    else:
        raise CDMSError(
            'order2index, order specified of bad type:' + str(type(order)))
    n = len(axes)
    permutation = [None] * n
    j = 0
    pos = 0
    while j < len(result):
        item = result[j]
        if isinstance(item, string_types):
            if item == 't':
                spec = 'time'
            elif item == 'x':
                spec = 'longitude'
            elif item == 'y':
                spec = 'latitude'
            elif item == 'z':
                spec = 'level'
            elif item == '-':
                pos += 1
                j += 1
                continue
            else:
                spec = item[1:-1]
            for k in range(n):
                if axisMatches(axes[k], spec):
                    if k in permutation:
                        raise CDMSError('Duplicate item in order %s' % order)
                    permutation[pos] = k
                    pos += 1
                    break
            else:
                raise CDMSError('No axis matching order spec %s' % str(item))
        elif isinstance(item, int):
            if item in permutation:
                raise CDMSError('Duplicate item in order %s' % order)
            if item >= n:
                raise CDMSError('Index %d out of range in order %s' %
                                (item, order))
            permutation[pos] = item
            pos += 1
        elif item is Ellipsis:
            nleft = len(result) - j - 1
            pos = n - nleft
        else:
            raise CDMSError(
                'List specified for order contains bad item: ' +
                repr(item))
        j += 1

    for i in range(n):
        if i not in permutation:
            for j in range(n):
                if permutation[j] is None:
                    permutation[j] = i
                    break
    return permutation



from .tvariable import TransientVariable  # noqa
from . import MV2 as MV  # noqa
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  Source code for cdms2.axis

"""
CDMS Axis objects
"""

from future import standard_library
import sys
import types
import copy
import numpy
# import regrid2._regrid
from . import cdmsNode
import cdtime
from . import cdmsobj
from .cdmsobj import CdmsObj, Max32int
from .sliceut import reverseSlice, splitSlice, splitSliceExt
from .error import CDMSError
from . import forecast
from .util import base_doc
# import warnings
from six import string_types
standard_library.install_aliases()
from collections import UserList  # noqa
_debug = 0
std_axis_attributes = ['name', 'units', 'length', 'values', 'bounds']


[docs]class AliasList (UserList):
    """AliasList.
    """

    def __init__(self, alist):
        """__init__.

        Parameters
        ----------
        alist :
            alist
        """
        UserList.__init__(self, alist)

    def __setitem__(self, i, value):
        """__setitem__.

        Parameters
        ----------
        i :
            i
        value :
            value
        """
        self.data[i] = value.lower()

    def __setslice(self, i, j, values):
        """__setslice.

        Parameters
        ----------
        i :
            i
        j :
            j
        values :
            values
        """
        self.data[i:j] = [x.lower() for x in values]

[docs]    def append(self, value):
        """append.

        Parameters
        ----------
        value :
            value
        """
        self.data.append(value.lower())


[docs]    def extend(self, values):
        """extend.

        Parameters
        ----------
        values :
            values
        """
        self.data.extend(list(map(str.lower, values)))




level_aliases = AliasList(['plev'])
longitude_aliases = AliasList([])
latitude_aliases = AliasList([])
time_aliases = AliasList([])
forecast_aliases = AliasList([])

FileWasClosed = "File was closed for object: "
InvalidBoundsArray = "Invalid boundary array: "
InvalidCalendar = "Invalid calendar: %i"
MethodNotImplemented = "Method not yet implemented"
ReadOnlyAxis = "Axis is read-only: "

# mf 20010402 -- prevent user from going beyond N cycles
InvalidNCycles = "Invalid number of cycles requested for wrapped dimension: "

ComptimeType = type(cdtime.comptime(0))
ReltimeType = type(cdtime.reltime(0, "days"))
CdtimeTypes = (ComptimeType, ReltimeType)

# Map between cdtime calendar and CF tags
calendarToTag = {
    cdtime.MixedCalendar: 'gregorian',
    cdtime.NoLeapCalendar: 'noleap',
    cdtime.GregorianCalendar: 'proleptic_gregorian',
    cdtime.JulianCalendar: 'julian',
    cdtime.Calendar360: '360_day',
    cdtime.ClimCalendar: 'clim_noncf',
    cdtime.ClimLeapCalendar: 'climleap_noncf',
    cdtime.DefaultCalendar: 'gregorian',
    cdtime.StandardCalendar: 'proleptic_gregorian',
}

tagToCalendar = {
    'gregorian': cdtime.MixedCalendar,
    'standard': cdtime.GregorianCalendar,
    'noleap': cdtime.NoLeapCalendar,
    'julian': cdtime.JulianCalendar,
    'proleptic_gregorian': cdtime.GregorianCalendar,
    '360_day': cdtime.Calendar360,
    '360': cdtime.Calendar360,
    '365_day': cdtime.NoLeapCalendar,
    'clim': cdtime.ClimCalendar,
    'clim_noncf': cdtime.ClimCalendar,
    'climleap_noncf': cdtime.ClimLeapCalendar,
    'climleap': cdtime.ClimLeapCalendar,
}

# This is not an error message, it is used to detect which things have
# been left as default indices or coordinates.
unspecified = "No value specified."

# Automatically generate axis and grid boundaries in getBounds
_autobounds = 2
# (for 1D lat/lon axes only.)
# Modes:
# 0 : off (not bounds generation)
# 1 : on  (generate bounds)
# 2 : grid (generate bounds for lat/lon
# grids only)

# Set autobounds mode to 'on' or 'off'. If on, getBounds will automatically
# generate boundary information for an axis or grid, if not explicitly defined.
# If 'off', and no boundary data is explicitly defined, the bounds will NOT
# be generated; getBounds will return None for the boundaries.


[docs]def setAutoBounds(mode):
    """Sets AutoBounds behavior.

    Automatically generates axis and grid boundaries when ``getBounds``
    is called.

    Parameters
    ----------
    mode : (str/int)
        0 : 'off'   (No bounds will be generated)
        1 : 'on'    (Generate bounds)
        2 : 'grid'  (Generate bounds for lat/lon grids only)

    Notes
    -----
    This only affects 1D axes.

    """
    global _autobounds
    if mode == 'on' or mode == 1:
        _autobounds = 1
    elif mode == 'off' or mode == 0:
        _autobounds = 0
    elif mode == 'grid' or mode == 2:
        _autobounds = 2



[docs]def getAutoBounds():
    """Gets AutoBounds mode.

    See ``setAutoBounds`` for description of modes.
    """
    return _autobounds


# Create a transient axis


[docs]def createAxis(data, bounds=None, id=None, copy=0, genericBounds=False):
    """ Creates an axis.

    To enabled automatic bounds generation see ``setAutoBounds``.

    Parameters
    ----------
    data : (list/:obj:`numpy.ndarray`)
        Values for axis.
    bounds : ``numpy.ndarray``
        2D array containing boundaries for ``data``.
    id : str
        Axis identifier.
    copy : int
        0: Stores reference of data.
        1: Stores copy of data.
    genericBounds : bool
        True will create generic bounds if ``bounds`` is None.

    Returns
    -------
    cdms2.TransientAxis
        Returns a ``TransientAxis`` containing data.
    """
    return TransientAxis(data, bounds=bounds, id=id,
                         copy=copy, genericBounds=genericBounds)


# Generate a Gaussian latitude axis, north-to-south


[docs]def createGaussianAxis(nlat):
    """Creates Guassian Axis.

    Parameters
    ----------
    nlat : int
        Number of latitudes to generate.

    Returns
    ------
    cdms2.TransientAxis
        ``TransientaAxis`` containing guassian axis of ``nlat``.
    """
    import regrid2._regrid

    lats, wts, bnds = regrid2._regrid.gridattr(nlat, 'gaussian')

    # For odd number of latitudes, gridattr returns 0 in the second half of
    # lats
    if nlat % 2:
        mid = int(nlat / 2)
        lats[mid + 1:] = -lats[:mid][::-1]

    latBounds = numpy.zeros((nlat, 2), numpy.float)
    latBounds[:, 0] = bnds[:-1]
    latBounds[:, 1] = bnds[1:]
    lat = createAxis(lats, latBounds, id="latitude")
    lat.designateLatitude()
    lat.units = "degrees_north"
    return lat


# Generate an equal-area latitude axis, north-to-south


[docs]def createEqualAreaAxis(nlat):
    """Creates an equal area axis.

    Parameters
    ----------
    nlat : int
        Number of latitudes to generate.

    Returns
    -------
    cdms2.TransientAxis
        ``TransientAxis`` containing equal area axis of ``nlat``.
    """
    import regrid2._regrid

    lats, wts, bnds = regrid2._regrid.gridattr(nlat, 'equalarea')
    latBounds = numpy.zeros((nlat, 2), numpy.float)
    latBounds[:, 0] = bnds[:-1]
    latBounds[:, 1] = bnds[1:]
    lat = createAxis(lats, latBounds, id="latitude")
    lat.designateLatitude()
    lat.units = "degrees_north"
    return lat


# Generate a uniform latitude axis


[docs]def createUniformLatitudeAxis(startLat, nlat, deltaLat):
    """Creates a uniform latitude axis.

    Parameters
    ----------
    startLat : float
        Starting latitude value.
    nlat :
        Number of latitudes.
    deltaLat : float
        Difference between each latitude point.

    Returns
    -------
    cdms2.TransientAxis
        ``TransientAxis`` containing uniform latitude axis.
    """
    latArray = startLat + deltaLat * numpy.arange(nlat)
    lat = createAxis(latArray, id="latitude")
    lat.designateLatitude()
    lat.units = "degrees_north"
    latBounds = lat.genGenericBounds(width=deltaLat)
    lat.setBounds(latBounds)
    return lat


# Generate a uniform longitude axis


[docs]def createUniformLongitudeAxis(startLon, nlon, deltaLon):
    """Creates a uniform longitude axis.

    Parameters
    ----------
    startLon : float
        Starting longitude value.
    nlon : int
        Number of longitudes.
    deltaLon : float
        Difference between each longitude point.

    Returns
    -------
    cdms2.TransientAxis
        ``TransientAxis`` containing uniform longitude axis.
    """
    lonArray = startLon + deltaLon * numpy.arange(nlon)
    lon = createAxis(lonArray, id="longitude")
    lon.designateLongitude()
    lon.units = "degrees_east"
    lonBounds = lon.genGenericBounds(width=deltaLon)
    lon.setBounds(lonBounds)
    return lon



[docs]def mapLinearIntersection(xind, yind, iind,
                          aMinusEps, aPlusEps, bPlusEps, bMinusEps,
                          boundLeft, nodeSubI, boundRight):
    """
    Map Linear Intersection

    Parameters
    ----------
    xind : c' if (a,b) is closed on the left, 'o' if open,
    yind : same for right endpoint j

    Returns
    -------
    True if the coordinate interval (a,b) intersects the node nodeSubI or cell
    bounds [boundLeft,boundRight], where the interval (a,b) is defined by:

      * aMinusEps,aPlusEps = a +/- epsilon
      * bPlusEps,bMinusEps = b +/- epsilon

    and the intersection option iind = 'n','b','e','s' specifies whether
    the intersection is with respect to the node value nodeSubI ('n' or 'e')
    or the cell bounds [boundLeft,boundRight].

    See Also
    --------
    mapLinearExt
    """

    if(iind == 'n' or iind == 'e'):
        testC_ = (aMinusEps <= nodeSubI)
        test_C = (nodeSubI <= bPlusEps)
        testO_ = (aPlusEps < nodeSubI)
        test_O = (nodeSubI < bMinusEps)
    elif(iind == 'b'):
        testC_ = (aMinusEps <= boundRight)
        test_C = (boundLeft <= bPlusEps)
        testO_ = (aPlusEps < boundRight)
        test_O = (boundLeft < bMinusEps)
    elif(iind == 's'):
        testC_ = (aMinusEps <= boundLeft)
        test_C = (boundRight <= bPlusEps)
        testO_ = (aPlusEps < boundLeft)
        test_O = (boundRight < bMinusEps)

    if(xind == 'c' and yind == 'c'):
        test = (testC_ and test_C)
    elif(xind == 'c' and yind == 'o'):
        test = (testC_ and test_O)
    elif(xind == 'o' and yind == 'c'):
        test = (testO_ and test_C)
    elif(xind == 'o' and yind == 'o'):
        test = (testO_ and test_O)

    return(test)



[docs]def mapLinearExt(axis, bounds, interval, indicator='ccn',
                 epsilon=None, stride=1, wrapped=0):
    """Map coordinate interval to index interval, without
    wraparound. Interval has the form (x,y) where x and y are the
    endpoints in coordinate space. Indicator is a three-character
    string, where the first character is 'c' if the interval is closed
    on the left, 'o' if open, and the second character has the same
    meaning for the right-hand point. The third character indicates
    how the intersection of the interval and axis is treated:

    'n' - the node is in the interval
    'b' - the interval intersects the cell bounds
    's' - the cell bounds are a subset of the interval
    'e' - same as 'n', plus an extra node on either side.

    Returns
    -------
    The corresponding index interval (i,j), where i<j, indicating the
    half-open index interval [i,j), or None if the intersection is empty.
    """

    indicator = indicator.lower()
    length = len(axis)

    # Make the interval and search array non-decreasing
    x, y = interval

    iind = indicator[2]

    if x > y:
        x, y = y, x
        xind = indicator[1]
        yind = indicator[0]

    else:
        xind = indicator[0]
        yind = indicator[1]

    if axis[0] > axis[-1]:
        ar = axis[::-1]
        if bounds[0, 0] < bounds[0, 1]:
            bd = bounds[::-1]
        else:
            bd = bounds[::-1, ::-1]
        direc = 'dec'
    else:
        ar = axis
        if bounds[0, 0] < bounds[0, 1]:
            bd = bounds
        else:
            bd = bounds[:, ::-1]
        direc = 'inc'

    if(epsilon is None):
        eps = 1.0e-5
        if len(ar) > 1:
            epsilon = eps * min(abs(ar[1] - ar[0]), abs(ar[-1] - ar[-2]))
        else:
            epsilon = eps

    #
    #  interval bound +/- epsilon
    #

    aMinusEps = (x - epsilon)
    aPlusEps = (x + epsilon)
    bMinusEps = (y - epsilon)
    bPlusEps = (y + epsilon)

    # oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
    #
    # out-of-bounds requests
    #
    # oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

    if iind in ['n', 'e']:
        mina = ar[0]
        maxa = ar[-1]
    else:
        mina = bd[0, 0]
        maxa = bd[-1, 1]

    if(bPlusEps < mina or aMinusEps > maxa):
        return None

    # nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
    #
    # empty node check
    #
    # nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

    # Handle empty intersections
    if (
        (((aPlusEps) > ar[-1]) and (iind == 'n') and (xind == 'o')) or
        (((aMinusEps) >= ar[-1]) and (iind == 'n') and (xind == 'c')) or
        (((bMinusEps) < ar[0]) and (iind == 'n') and (yind == 'o')) or
        (((bPlusEps) <= ar[0]) and (iind == 'n') and (yind == 'c'))
    ):
        return None

    bdMaxRight = max(bd[-1][0], bd[-1][1])
    bdMinLeft = min(bd[0][0], bd[0][1])
    if (
        (((aMinusEps) > bdMaxRight) and (iind != 'n') and (xind == 'o')) or
        (((aMinusEps) >= bdMaxRight) and (iind != 'n') and (xind == 'c')) or
        (((bPlusEps) < bdMinLeft) and (iind != 'n') and (yind == 'o')) or
        (((bPlusEps) <= bdMinLeft) and (iind != 'n') and (yind == 'c'))
    ):
        return None

    # The intersection is nonempty; use searchsorted to get left/right limits
    # for testing

    ii, jj = numpy.searchsorted(ar, (x, y))

    #
    #  find index range for left (iStart,iEnd) and right (jStart,jEnd)
    #

    # iEnd + 2 because last point in loop not done
    iStart = ii - 1
    iEnd = ii + 2
    if(iStart < 0):
        iStart = 0
    if(iEnd >= length):
        iEnd = length - 1

    jStart = jj - 1
    jEnd = jj + 2
    if(jStart < 0):
        jStart = 0
    if(jEnd >= length):
        jEnd = length - 1

    #
    #  initialise the index to -1 (does not exist)
    #

    iInterval = -1
    jInterval = -1
    iIntervalB = -1
    jIntervalB = -1

    # pppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppp
    #
    #  preliminary checks
    #
    # pppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppp

    if(iStart == jStart == iEnd == jEnd):
        iInterval = jInterval = iStart

    elif(jEnd < iEnd):
        pass

    else:

        # llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
        #
        #  left interval check
        #
        # llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

        # - user check

        for i in range(iStart, iEnd + 1):

            nodeSubI = ar[i]
            boundLeft = bd[i][0]
            boundRight = bd[i][1]

            test = mapLinearIntersection(
                xind,
                yind,
                iind,
                aMinusEps,
                aPlusEps,
                bPlusEps,
                bMinusEps,
                boundLeft,
                nodeSubI,
                boundRight)

            if(iInterval == -1 and test):
                iInterval = i
                break

        # - "B" check for extension

        for i in range(iStart, iEnd + 1):

            nodeSubI = ar[i]
            boundLeft = bd[i][0]
            boundRight = bd[i][1]

            testB = mapLinearIntersection(
                xind,
                yind,
                'b',
                aMinusEps,
                aPlusEps,
                bPlusEps,
                bMinusEps,
                boundLeft,
                nodeSubI,
                boundRight)

            if(iIntervalB == -1 and testB):
                iIntervalB = i
                break

        # rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
        #
        #  right interval check
        #
        # rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

        for j in range(jStart, jEnd + 1):

            nodeSubI = ar[j]
            boundLeft = bd[j][0]
            boundRight = bd[j][1]

            #
            #  user test
            #

            test = mapLinearIntersection(
                xind,
                yind,
                iind,
                aMinusEps,
                aPlusEps,
                bPlusEps,
                bMinusEps,
                boundLeft,
                nodeSubI,
                boundRight)

            if((jInterval == -1 and iInterval != -1 and test == 0 and j <= jEnd)):
                jInterval = j - 1

            if((j == length - 1 and test == 1)):
                jInterval = j

                # no break here...

        #
        #  B test on right
        #

        for j in range(jStart, jEnd + 1):

            nodeSubI = ar[j]
            boundLeft = bd[j][0]
            boundRight = bd[j][1]

            testB = mapLinearIntersection(
                xind,
                yind,
                'b',
                aMinusEps,
                aPlusEps,
                bPlusEps,
                bMinusEps,
                boundLeft,
                nodeSubI,
                boundRight)

            if((jIntervalB == -1 and iIntervalB != -1 and testB == 0 and j <= jEnd)):
                jIntervalB = j - 1

            if((j == length - 1 and testB == 1)):
                jIntervalB = j

    # eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
    #
    #  extension check
    #
    # eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

    if(iind == 'e'):

        # if B index does not exist return
        if(iIntervalB < 0 or jIntervalB < 0):
            return None

        # if user index exists:
        elif ((iInterval > -1 and jInterval > -1)):

            if(jInterval < iInterval):

                npoints = iInterval - jInterval
                if(npoints > 0):
                    (iInterval, jInterval) = (jInterval + 1, iInterval + 1)

                else:
                    jInterval = iInterval
                    iInterval = jInterval + 1

            else:

                iInterval = iInterval - 1
                jInterval = jInterval + 1

        # else set index interval to B index interval
        else:

            iInterval = iIntervalB
            jInterval = jIntervalB

        if(iInterval == jInterval):
            if(x < ar[iInterval] and iInterval > 0):
                iInterval = jInterval - 1
            elif(jIntervalB < length - 1):
                jInterval = iInterval + 1

        if(jInterval < iInterval):
            npoints = jInterval - iInterval
            if(npoints > 2):
                jInterval = iIntervalB
                iInterval = jIntervalB
            else:
                jInterval = iIntervalB
                iInterval = jIntervalB + 1

        # Since the lookup is linear, ensure that the result is in range
        # [0..length)
        iInterval = max(iInterval, 0)
        jInterval = min(jInterval, length - 1)

    # ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
    #
    # final checks
    #
    # ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

    # if jInteval < iInterval have a single point; set to iInterval

    if(jInterval < iInterval):
        jInterval = iInterval

    elif(jInterval < 0 and iInterval < 0):
        return None

    # Reverse back if necessary
    if direc == 'dec':
        iInterval, jInterval = length - jInterval - 1, length - iInterval - 1

    iReturn = iInterval
    jReturn = jInterval + 1

    return (iReturn, jReturn)



[docs]def lookupArray(ar, value):
    """Lookup value in array ar.

    Parameters
    ----------
    ar : Input array
    value : Value to search

    Returns
    -------
    index:
        * ar is monotonically increasing.
        * value <= ar[index], index==0..len(ar)-1
            * value > ar[index], index==len(ar)
            * ar is monotonically decreasing:
                * value >= ar[index], index==0..len(ar)-1
                * value < ar[index], index==len(ar)
    """
    ar = numpy.ma.filled(ar)
    ascending = (ar[0] < ar[-1]) or len(ar) == 1
    if ascending:
        index = numpy.searchsorted(ar, value)
    else:
        revar = ar[::-1]
        index = numpy.searchsorted(revar, value)
        if index < len(revar) and value == revar[index]:
            index = len(ar) - index - 1
        else:
            index = len(ar) - index
    return index


# Lookup a value in a monotonic 1-D array. value is a scalar
# Always returns a valid index for ar
# def lookupArray(ar,value):
#     ascending = (ar[0]<ar[-1])
# if ascending:
#         index = numpy.searchsorted(ar,value)
# else:
#         index = numpy.searchsorted(ar[::-1],value)
#         index = len(ar)-index-1
#     index = max(index,0)
#     index = min(index,len(ar))
# return index

# Return true if vector vec1 is a subset of vec2, within tolerance tol.
# Return second arg of index, if it is a subset


[docs]def isSubsetVector(vec1, vec2, tol):
    """Checks if ``vec1`` is a subset of ``vec2``.

    Parameters
    ----------
    vec1 : (cdms2.TransientAxis, cdms2.FileAxis, numpy.ndarray)
        Subset data.
    vec2 : (cdms2.TransientAxis, cdms2.FileAxis, numpy.ndarray)
        Superset data.
    tol : float
        Tolerance used when checking for subset.

    Returns
    -------
    (bool/int), int
        First value of ``True`` denotes ``vec1`` is a subset of ``vec2``.
        A value of 0 or ``False`` denotes the opposite.

        Second value is the starting index of ``vec1`` in ``vec2`` if it
        is a subset.
    """
    # TODO this needs fixing return should be None if not subset otherwise the index value.
    index = lookupArray(vec2, vec1[0])
    if index > (len(vec2) - len(vec1)):
        # vec1 is too large, cannot be a subset
        return (0, -1)
    issubset = numpy.alltrue(numpy.less(numpy.absolute(
        vec1 - vec2[index:index + len(vec1)]), tol))
    if issubset:
        return (issubset, index)
    else:
        return (0, -1)



[docs]def isOverlapVector(vec1, vec2, atol=1.e-8):
    """Is Overlap Vector

    Parameters
    ----------
    vec1 : Input arrays to compare
    vec2 : Input arrays to compare
    atol : float, optional
    Absolute tolerance, The absolute differenc is equal to **atol** Default is 1e-8

    Returns
    -------
    (isoverlap, index) :
        where isoverlap is true if a leading portion of vec1 is a subset of vec2;
            * index is the index such that vec1[0] <= vec2[index]
            * If indexl == len(vec2), then vec1[0] > vec2[len(vec2) - 1]
    """
    index = lookupArray(vec2, vec1[0])
    if index == 0 and abs(vec1[0] - vec2[0]):
        return (0, index)
    elif index == len(vec2):
        return (1, index)
    else:
        ar2 = vec2[index:index + len(vec1)]
        ar1 = vec1[:len(ar2)]
        isoverlap = numpy.ma.allclose(ar1, ar2, atol=atol)
    if isoverlap:
        return (isoverlap, index)
    else:
        return (0, index)



[docs]def allclose(ax1, ax2, rtol=1.e-5, atol=1.e-8):
    """All close

    Parameters
    ----------
    ax1, ax2 : array_like

    Returns
    -------
    bool
        True if all elements of axes ax1 and ax2 are close,
        in the sense of numpy.ma.allclose.

    See Also : all, any

    Examples
    --------
    >>> a = ma.array([1e10, 1e-7, 42.0], mask=[0, 0, 1])
    >>> a
    masked_array(data = [10000000000.0 1e-07 --],
                 mask = [False False True],
           fill_value = 1e+20)
    >>> b = ma.array([1e10, 1e-8, 42.0], mask=[0, 0, 1])
    >>> ma.allclose(a, b)
    False
    """
    return ((ax1 is ax2) or numpy.ma.allclose(
        ax1[:], ax2[:], rtol=rtol, atol=atol))


# AbstractAxis defines the common axis interface.
# Concrete axis classes are derived from this class.


[docs]class AbstractAxis(CdmsObj):
    """AbstractAxis

    Parameters
    ----------
    parent : cdms2.dataset.CdmsFile
        Reference to ``CdmsFile`` containing axis.
    node : None
        Not used.
    """

    def __init__(self, parent, node):
        CdmsObj.__init__(self, node)
        val = self.__cdms_internals__ + ['id', ]
        self.___cdms_internals__ = val
        self.parent = parent
        self.id = id
        # Cached data values
        self._data_ = None
        # Cached wraparound values for circular axes
        self._doubledata_ = None

    def __str__(self):
        return "\n".join(self.listall()) + "\n"

    __repr__ = __str__

    def __len__(self):
        raise CDMSError(MethodNotImplemented)

    def _getshape(self):
        return (len(self),)

    def _getdtype(self, name=None):
        """Gets numpy dtype.

        Parameters
        ----------
        name : str
            Name of the dtype
        """
        tc = self.typecode()
        return numpy.dtype(tc)

    def __getitem__(self, key):
        raise CDMSError(MethodNotImplemented)

    def __setitem__(self, index, value):
        raise CDMSError(MethodNotImplemented)

    def __getslice__(self, low, high):
        raise CDMSError(MethodNotImplemented)

    def __setslice__(self, low, high, value):
        raise CDMSError(MethodNotImplemented)

[docs]    def rank(self):
        """Gets rank of contained data.

        Returns
        -------
        int
            Number of dimensions.
        """
        return len(self.shape)


    # Designate axis as a latitude axis.
    # If persistent is true, write metadata to the container.
[docs]    def designateLatitude(self, persistent=0):
        """Designate axis as latitude.

        Sets attribute ``axis`` to "Y".

        Parameters
        ----------
        persistent : int
            0: Sets value in memory.
            1: Sets value in underlying file.
        """
        if persistent:
            self.axis = "Y"
        else:
            self.__dict__['axis'] = "Y"
            self.attributes['axis'] = "Y"


    # Return true iff the axis is a latitude axis
[docs]    def isLatitude(self):
        """Checks if axis is latitude.

        Returns
        -------
        bool
            True if axis is latitude otherwise false.
        """
        id = self.id.strip().lower()
        if (hasattr(self, 'axis') and self.axis == 'Y'):
            return True
        units = getattr(self, "units", "").strip().lower()
        if units in [
            "degrees_north", "degree_north", "degree_n", "degrees_n",
            "degreen", "degreesn"] and not(
                self.isLongitude() or self.isLevel() or self.isTime()):
            return True
        return (id[0:3] == 'lat') or (id in latitude_aliases)


    # Designate axis as a vertical level axis
    # If persistent is true, write metadata to the container.
[docs]    def designateLevel(self, persistent=0):
        """Designate axis as level.

        Sets attribute ``axis`` to "Z".

        Parameters
        ----------
        persistent : int
            0: Sets value in memory.
            1: Sets value in underlying file.
        """
        if persistent:
            self.axis = "Z"
        else:
            self.__dict__['axis'] = "Z"
            self.attributes['axis'] = "Z"


    # Return true iff the axis is a level axis
[docs]    def isLevel(self):
        """Checks if axis is level.

        Returns
        -------
        bool
            True if axis is level otherwise false.
        """
        id = self.id.strip().lower()
        if (hasattr(self, 'axis') and self.axis == 'Z'):
            return True
        if getattr(self, "positive", "").strip().lower() in ["up", "down"]:
            return True
        try:
            # Ok let's see if this thing as pressure units
            import genutil
            p = genutil.udunits(1, "Pa")
            units = getattr(self, 'units', "").strip()
            p.to(units)
            return True
        except ImportError:
            # import warnings
            # warnings.warn(
            #     "genutil module not present, was not able to determine if axis is level based on units")
            pass
        except Exception:
            pass
        return ((id[0:3] == 'lev') or (id[0:5] == 'depth') or
                (id in level_aliases))


    # Designate axis as a longitude axis
    # If persistent is true, write metadata to the container.
    # If modulo is defined, set as circular
[docs]    def designateLongitude(self, persistent=0, modulo=360.0):
        """Designate axis as longitude.

        Sets attribute ``axis`` to "X".

        Parameters
        ----------
        persistent : int
            0: Sets value in memory.
            1: Sets value in underlying file.
        modulo : float
            Sets topology of longitude. None will set topology to "linear".
        """
        if persistent:
            self.axis = "X"
            if modulo is None:
                self.topology = 'linear'
            else:
                self.modulo = modulo
                self.topology = 'circular'
        else:
            self.__dict__['axis'] = "X"
            self.attributes['axis'] = "X"
            if modulo is None:
                self.__dict__['topology'] = 'linear'
                self.attributes['topology'] = 'linear'
            else:
                self.__dict__['modulo'] = modulo
                self.__dict__['topology'] = 'circular'
                self.attributes['modulo'] = modulo
                self.attributes['topology'] = 'circular'


    # Return true iff the axis is a longitude axis
[docs]    def isLongitude(self):
        """Checks if axis is longitude.

        Returns
        -------
        bool
            True if axis is longitude otherwise False.
        """
        id = self.id.strip().lower()
        if (hasattr(self, 'axis') and self.axis == 'X'):
            return True
        units = getattr(self, "units", "").strip().lower()
        if units in [
                "degrees_east", "degree_east", "degree_e", "degrees_e", "degreee",
                "degreese"] and not(
                self.isLatitude() or self.isLevel() or self.isTime()):
            return True
        return (id[0:3] == 'lon') or (id in longitude_aliases)


    # Designate axis as a time axis, and optionally set the calendar
    # If persistent is true, write metadata to the container.
[docs]    def designateTime(self, persistent=0, calendar=None):
        """Designate axis as time.

        Sets attribute ``axis`` to "T".

        Parameters
        ----------
        persistent : int
            0: Sets value in memory.
            1: Sets value in underlying file.
        calendar : cdtime.Calendar
            Sets the calendar for the time axis. See ``cdtime`` for valid calendars.
        """
        if calendar is None:
            calendar = cdtime.DefaultCalendar
        if persistent:
            self.axis = "T"
            if calendar is not None:
                self.setCalendar(calendar, persistent)
        else:
            self.__dict__['axis'] = "T"
            self.attributes['axis'] = "T"
            if calendar is not None:
                self.setCalendar(calendar, persistent)


    # For isTime(), keep track of whether each id is for a time axis or not, for better performance.
    # This dictionary is a class variable (not a member of any particular
    # instance).
    idtaxis = {}  # id:type where type is 'T' for time, 'O' for other

    # Return true iff the axis is a time axis
[docs]    def isTime(self):
        """Checks if axis is time.

        Returns
        -------
        bool
            True if axis is time otherwise false.
        """
        id = self.id.strip().lower()
        if hasattr(self, 'axis'):
            if self.axis == 'T':
                return True
            elif self.axis is not None:
                return False
        # Have we saved the id-to-axis type information already?
        if id in self.idtaxis:
            if self.idtaxis[id] == 'T':
                return True
            else:
                return False
        # Try to figure it out from units
        try:
            import genutil
            units = getattr(self, "units", "").lower()
            sp = units.split("since")
            if len(sp) > 1:
                t = genutil.udunits(1, "day")
                s = sp[0].strip()
                if s in t.available_units() and t.known_units()[s] == "TIME":
                    self.idtaxis[id] = 'T'
                    return True
                # try the plural version since udunits only as singular (day
                # noy days)
                s = s + "s"
                if s in t.available_units() and t.known_units()[s] == "TIME":
                    self.idtaxis[id] = 'T'
                    return True
        except BaseException:
            pass
        # return (id[0:4] == 'time') or (id in time_aliases)
        if (id[0:4] == 'time') or (id in time_aliases):
            self.idtaxis[id] = 'T'
            return True
        else:
            self.idtaxis[id] = 'O'
            return False


    # Return true iff the axis is a forecast axis
[docs]    def isForecast(self):
        """Checks if axis is forecast.

        Returns
        -------
        bool
            True if axis is forecast otherwise False.
        """
        id = self.id.strip().lower()
        if (hasattr(self, 'axis') and self.axis == 'F'):
            return True
        return (id[0:6] == 'fctau0') or (id in forecast_aliases)


    # TODO is this needed?
[docs]    def isForecastTime(self):
        """Checks if axis is forecast.

        Returns
        -------
        bool
            True if axis is forecast otherwise False.
        """
        return self.isForecast()


[docs]    def asComponentTime(self, calendar=None):
        """Returns values as component time if axis represents time.

        Parameters
        ----------
        calendar : cdtime.Calendar
            Calendar used to convert relative time to component time. If ``None``
            then the calendar set in attributes will be used. If this is not set
            then the default calendar will be used.
        """
        if not hasattr(self, 'units'):
            raise CDMSError("No time units defined")
        if calendar is None:
            calendar = self.getCalendar()
        if self.isForecast():
            result = [forecast.comptime(t) for t in self[:]]
        else:
            result = []
            for val in self[:]:
                result.append(cdtime.reltime(val, self.units).tocomp(calendar))
        return result


    #
    #  mf 20010418 -- output DTGs (YYYYMMDDHH)
    #
[docs]    def asDTGTime(self, calendar=None):
        """Returns values as DTG if axis represents time.

        Parameters
        ----------
        calendar : cdtime.Calendar
            Calendar used to convert relative time to component time. If ``None``
            then the calendar set in attributes will be used. If this is not set
            then the default calendar will be used.
        """
        if not hasattr(self, 'units'):
            raise CDMSError("No time units defined")
        result = []
        if calendar is None:
            calendar = self.getCalendar()
        for val in self[:]:
            comptime = cdtime.reltime(val, self.units).tocomp(calendar)
            s = repr(comptime)
            tt = str.split(s, ' ')

            ttt = str.split(tt[0], '-')
            yr = int(ttt[0])
            mo = int(ttt[1])
            da = int(ttt[2])

            ttt = str.split(tt[1], ':')
            hr = int(ttt[0])
            dtg = "%04d%02d%02d%02d" % (yr, mo, da, hr)
            result.append(dtg)

        return result


[docs]    def asdatetime(self, calendar=None):
        """ Returns values as ``datetime.datetime`` if axis represents time.

        Parameters
        ----------
        calendar : cdtime.Calendar
            Calendar used to convert relative time to component time. If ``None``
            then the calendar set in attributes will be used. If this is not set
            then the default calendar will be used.
        """
        import datetime
        if not hasattr(self, 'units'):
            raise CDMSError("No time units defined")
        result = []
        if calendar is None:
            calendar = self.getCalendar()
        for val in self[:]:
            c = cdtime.reltime(val, self.units).tocomp(calendar)
            dtg = datetime.datetime(
                c.year, c.month, c.day, c.hour, c.minute, int(c.second),
                int((c.second - int(c.second)) * 1000))
            result.append(dtg)
        return result


[docs]    def asRelativeTime(self, units=None):
        """ Returns values as relative time if axis represents time.

        Parameters
        ----------
        units : str
            Base units used in conversion of values.
        """
        sunits = getattr(self, 'units', None)
        if sunits is None or sunits == 'None':
            raise CDMSError("No time units defined")
        if units is None or units == 'None':
            units = sunits
        if self.isForecast():
            result = [forecast.comptime(t).torel(units) for t in self[:]]
        else:
            cal = self.getCalendar()
            result = [
                cdtime.reltime(
                    t,
                    sunits).torel(
                    units,
                    cal) for t in self[:]]
        return result


[docs]    def toRelativeTime(self, units, calendar=None):
        """Converts values in-place to relative time.

        Parameters
        ----------
        units : str
            Base units used converting component to relative values.
        calendar : cdtime.Calendar
            Calendar used to convert relative time to component time. If ``None``
            then the calendar set in attributes will be used. If this is not set
            then the default calendar will be used.
        """
        if not hasattr(self, 'units'):
            raise CDMSError("No time units defined")
        n = len(self[:])
        b = self.getBounds()
        scal = self.getCalendar()
        if calendar is None:
            calendar = scal
        else:
            self.setCalendar(calendar)
        for i in range(n):
            tmp = cdtime.reltime(self[i], self.units).tocomp(scal)
            tmp2 = numpy.array(
                float(
                    tmp.torel(
                        units,
                        calendar).value)).astype(
                self[:].dtype.char)
            # if i==1 : print
            # self[:].dtype.char,'tmp2:',tmp2,tmp2.astype('f'),self[i],self[i].astype('f')
            self[i] = tmp2
            if b is not None:
                tmp = cdtime.reltime(b[i, 0], self.units).tocomp(scal)
                b[i, 0] = numpy.array(
                    float(tmp.torel(units, calendar).value)).astype(b.dtype.char)
                tmp = cdtime.reltime(b[i, 1], self.units).tocomp(scal)
                b[i, 1] = numpy.array(
                    float(tmp.torel(units, calendar).value)).astype(b.dtype.char)
        if b is not None:
            self.setBounds(b)
        self.units = units
        return


# mfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmf
#
# mf 20010412 -- test if an Axis is intrinsically circular
#
# mfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmf

    # Return true iff the axis wraps around
    # An axis is defined as circular if:
    # (1) self.topology=='circular', or
    # (2) self.topology is undefined, and the axis is a longitude
[docs]    def isCircularAxis(self):
        """Superficial check if axis is circular.

        Returns
        -------
        (bool/int)
            True if axis topology is set to circular.
            False if axis topology is not circular.
            1 if axis is longitude.
            0 if not circular.
        """
        # TODO fix the return values no more mixed int/bool
        if hasattr(self, 'topology'):
            iscircle = (self.topology == 'circular')
        elif self.isLongitude():
            iscircle = 1
        else:
            iscircle = 0

        return iscircle


# mfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmf
#
# mf 20010405 -- test if an transient Axis is REALLY circular
#
# mfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmf

    # Return true iff the axis wraps around
    # An axis is defined as circular if:
    # (1) self.topology=='circular', or
    # (2) self.topology is undefined, and the axis is a longitude

[docs]    def isCircular(self):
        """Checks if axis is circular.

        Checks for attribute "realtopology" first. If "realtopology" is not present
        then the data is checked. Attribute "realtopology" is set from the result of
        checking the data.

        Returns
        -------
        bool
            True if axis is circular otherwise False.
        """
        if hasattr(self, 'realtopology'):
            if self.realtopology == 'circular':
                return True
            elif self.realtopology == 'linear':
                return False
        if(len(self) < 2):
            return False

        try:  # non float types will fail this
            baxis = self[0]
            eaxis = self[-1]
            deltaend = self[-1] - self[-2]
            eaxistest = eaxis + deltaend - baxis

            cycle = self.getModuloCycle()

            tol = 0.01 * deltaend

            test = 0
            if(abs(eaxistest - cycle) < tol):
                test = 1

            if hasattr(self, 'topology') and test == 1:
                iscircle = (self.topology == 'circular')
            elif (self.isLongitude() and test == 1):
                iscircle = 1
            else:
                iscircle = 0
        except BaseException:
            iscircle = 0

        # save realtopology attribute in __dict__, don't write it to the file
        if iscircle == 1:
            self.__dict__['realtopology'] = 'circular'
        elif iscircle == 0:
            self.__dict__['realtopology'] = 'linear'
        return iscircle


[docs]    def designateCircular(self, modulo, persistent=0):
        """Designates axis as circular.

        Parameters
        ----------
        modulo : float
            Length of cycle.
        persistent : (bool/int)
            True: Sets values in underlying file.
            Flase: Sets values in memory.
        """
        if persistent:
            self.topology = 'circular'
            self.modulo = modulo
        else:
            self.__dict__['topology'] = 'circular'
            self.__dict__['modulo'] = modulo
            self.attributes['modulo'] = modulo
            self.attributes['topology'] = 'linear'


[docs]    def isLinear(self):
        """Checks if axis is linear.

        Returns
        -------
        bool
            True if axis is linear otherwise False.
        """
        raise CDMSError(MethodNotImplemented)


[docs]    def getBounds(self, isGeneric=None):
        """Gets axis bounds.

        Parameters
        ----------
        isGeneric : bool
            If True generic bounds will be generated otherwise bounds in file
            be returned.
        """
        raise CDMSError(MethodNotImplemented)


[docs]    def getExplicitBounds(self):
        """Gets explicit bounds.

        Returns
        -------
        numpy.ndarray
            Returns bounds if they are cells otherise ``None`` is returned.
        """
        # Original doc
        # '''
        # Return None if not explicitly defined
        # This is a way to determine if attributes are defined at cell
        # or at point level. If this function returns None attributes are
        # defined at points, otherwise they are defined at cells
        # '''
        raise CDMSError(MethodNotImplemented)


[docs]    def getBoundsForDualGrid(self, dualGrid):
        """Get explicit bounds for dual grid.

        Parameters
        ----------
        dualGrid : bool
            True if targetting dual grids otherwise False.

        Returns
        -------
        numpy.ndarray
            If bounds are explicit and ``dualGrid`` is True then the explicit
            bounds are returned otherwise ``None`` is.

            If bounds are no explicit and ``dualGrid`` is False then the bounds
            are returned otherise ``None`` is.
        """
        # Original doc
        # '''
        # dualGrid changes the type of dataset from the current type to the dual.
        # So, if we have a point dataset we switch to a cell dataset and viceversa.
        # '''
        explicitBounds = self.getExplicitBounds()
        if (explicitBounds is None):
            # point data
            if (dualGrid):
                return self.getBounds()
            else:
                return None
        else:
            # cell data
            if (dualGrid):
                return None
            else:
                return explicitBounds


[docs]    def setBounds(self, bounds):
        """Sets the bounds for the axis.

        Parameters
        ----------
        bounds : numpy.ndarray
            2D array containing bounds for the axis.
        """
        raise CDMSError(MethodNotImplemented)


    # Return the cdtime calendar: GregorianCalendar, NoLeapCalendar, JulianCalendar, Calendar360
    # or None. If the axis does not have a calendar attribute, return the global
    # calendar.
[docs]    def getCalendar(self):
        """Gets calendar for axis.

        If the axis represents time then the calendar is return if stored in the attributes.

        Returns
        -------
        cdtime.Calendar
            Returns the calendar for the axis if defined otherwise ``None```
        """
        if hasattr(self, 'calendar'):
            calendar = self.calendar.lower()
        else:
            calendar = None

        cdcal = tagToCalendar.get(calendar, cdtime.DefaultCalendar)
        return cdcal


    # Set the calendar
[docs]    def setCalendar(self, calendar, persistent=1):
        """Sets calendar for axis.

        Parameters
        ----------
        calendar : cdtime.Calendar
            Calendar to set for the axis.
        persistent : (bool/int)
            Sets the calender in the underlying file if True otherwise its set in memory.
        """
        if persistent:
            self.calendar = calendarToTag.get(calendar, None)
            self.attributes['calendar'] = self.calendar
            if self.calendar is None:
                raise CDMSError(InvalidCalendar % calendar)
        else:
            self.__dict__['calendar'] = calendarToTag.get(calendar, None)
            self.attributes['calendar'] = self.calendar
            if self.__dict__['calendar'] is None:
                raise CDMSError(InvalidCalendar % calendar)


[docs]    def getData(self):
        """Get data.

        Returns
        -------
        numpy.ndarray
            Returns the axis data.
        """
        raise CDMSError(MethodNotImplemented)


    # Return the entire array
[docs]    def getValue(self):
        """Gets entire data.

        Returns
        -------
        numpy.ndarray
            Returns the axis data.
        """
        return self.__getitem__(slice(None))


[docs]    def assignValue(self, data):
        """Sets data.

        Parameters
        ----------
        data : numpy.ndarray
            Data representing the axis.
        """
        self.__setitem__(slice(None), data)


[docs]    def _time2value(self, value):
        """Returns value converted to relative time.

        Uses axis attributes to convert value to relative time.

        Parameters
        ----------
        value : (ComptimeType, ReltimeType, str)
            Value to convert to relative time.

        Returns
        -------
        str
            Relative time value.
        """
        # original doc
        # """ Map value of type comptime, reltime, or string of form "yyyy-mm-dd hh:mi:ss" to value"""
        if self.isTime():
            if type(value) in CdtimeTypes:
                value = value.torel(self.units, self.getCalendar()).value
            elif isinstance(value, string_types) and value not in [':', unspecified]:
                cal = self.getCalendar()
                value = cdtime.s2c(value, cal).torel(self.units, cal).value
        return value


[docs]    def getModuloCycle(self):
        """Gets axis modulo.

        Defaults to 360.0 if not store in attributes.

        Returns
        -------
        float
            The modulo value for the axis.
        """

        if hasattr(self, 'modulo'):
            cycle = self.modulo
            #
            # mf 20010419 test if attribute is a string (non CF), set to 360.0
            #
            if(isinstance(cycle, string_types)):
                cycle = 360.0
        else:
            cycle = 360.0

        if isinstance(cycle, numpy.ndarray):
            cycle = cycle[0]

        return(cycle)


[docs]    def getModulo(self):
        """Get axis modulo.

        Returns
        -------
        float
            The modulo value for the axis if axis is circular.
        """

        if not self.isCircular():
            return(None)

        return(self.getModuloCycle())


    # TODO this is a bad signature, too confusing not explicit enough
    # mapInterval(self, x, y, left_endpoint, right_endpoint, cycle):
[docs]    def mapInterval(self, interval, indicator='ccn', cycle=None):
        """Map coordinate interval to index interval. interval has one of the forms

          * `(x,y)`
          * `(x,y,indicator)`: indicator overrides keywork argument
          * `(x,y,indicator,cycle)`: indicator, cycle override keyword arguments
          * `None`: indicates the full interval

        where `x` and `y` are the endpoints in coordinate space. indicator is a
        two-character string, where the first character is `c` if the interval
        is closed on the left, `o` if open, and the second character has the
        same meaning for the right-hand point. Set cycle to a nonzero value
        to force wraparound.

        Parameters
        ----------
        internval : tuple of float, float, str (optional), float (optional)
            (x, y) First and last value to map.
            (x, y, indicator) First and last value to map with indicator for handling endpoints.
            (x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.
        indicator : str
            String indicator describing how to handle interval endpoints.
        cycle : float
            Length of cycle to use when mapping interval.

        Returns
        -------
        The corresponding index interval (i,j), where i<j, indicating
        the half-open index interval [i,j), or None if the intersection is empty.

        For an axis which is circular (self.topology == 'circular'), [i,j)
        is interpreted as follows (where N = len(self)):

        (1) if j<=N, the interval does not wrap around the axis endpoint
        (2) if j>N, the interval wraps around, and is equivalent to the
            two consecutive intervals [i,N), [0,j-N)

        Example:
          if the vector is [0,2,4,...,358] of length 180,and the coordinate
          interval is [-5,5), the return index interval is[178,183). This is
          equivalent to the two intervals [178,180) and [0,3).

         Note:
           if the interval is interior to the axis, but does not span any axis element,
           a singleton (i,i+1) indicating an adjacent index is returned.
        """
        i, j, k = self.mapIntervalExt(interval, indicator, cycle)
        j = min(j, i + len(self))
        # i=i-1
        return (i, j)


# mfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmf
#
# mf 20010308 - 20010412 -- general handing of wrapping
#
# mfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmfmf

[docs]    def mapIntervalExt(self, interval, indicator='ccn', cycle=None, epsilon=None):
        """Extended ``mapInterval``.

        See ``mapInterval`` for full documentation.

        Parameters
        ----------
        internval : tuple of float, float, str (optional), float (optional)
            (x, y) First and last value to map.
            (x, y, indicator) First and last value to map with indicator for handling endpoints.
            (x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.
        indicator : str
            String indicator describing how to handle interval endpoints.
        cycle : float
            Length of cycle to use when mapping interval.
        epsilon : Not use.

        Returns
        -------
        int, int, int
            Returns tuple containing the first and last index along with the stride.
        """
        # original doc
        # """Like mapInterval, but returns (i,j,k) where k is stride,
        # and (i,j) is not restricted to one cycle."""

        # nCycleMax : max number of cycles a user a specify in wrapping

        nCycleMax = 6

        # interval is None returns the full interval
        if interval is None or interval == ':':
            return (0, len(self), 1)

        # Allow intervals of the same form as getRegion.
        if len(interval) == 3:
            x, y, indicator = interval
            interval = (x, y)
        elif len(interval) == 4:
            x, y, indicator, cycle = interval
            interval = (x, y)

        # check length of indicator if overridden by user
        #

        indicator = indicator.lower()
        if len(indicator) == 2:
            indicator += 'n'

        if((len(indicator) != 3) or
           ((indicator[0] != 'c' and indicator[0] != 'o') or
            (indicator[1] != 'c' and indicator[1] != 'o') or
            (indicator[2] != 'n' and indicator[2] != 'b' and indicator[2] != 's' and
             indicator[2] != 'e')
            )
           ):
            raise CDMSError(
                "EEE: 3-character interval/intersection indicator incomplete or incorrect = " +
                indicator)

        if self._data_ is None:
            self._data_ = self.getData()

        # ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt
        # Handle time types
        interval = (
            self._time2value(
                interval[0]), self._time2value(
                interval[1]))

        # If the interval is reversed wrt self, reverse the interval and
        # set the stride to -1
        if (interval[0] <= interval[1]) == (self[0] <= self[-1]):
            stride = 1
        else:
            stride = -1
            interval = (interval[1], interval[0])
            indicator = indicator[1] + indicator[0] + indicator[2]

        # mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
        #
        # basic test for wrapping - is axis REALLY circular?
        #
        # ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

        xi, yi = interval

        length = len(self)
        ar = self[:]
        ar0 = ar[0]
        arn = ar[-1]
        armin = min(ar0, arn)
        armax = max(ar0, arn)

        # Wrapped if circular and at least one value is outside the axis range.
        wraptest1 = self.isCircular()
        wraptest2 = not ((armin <= xi <= armax) and (armin <= yi <= armax))

        if (wraptest1 and wraptest2):

            #
            #  find cycle and calc # of cycles in the interval
            #

            cycle = self.getModulo()

            intervalLength = yi - xi
            intervalCycles = intervalLength / cycle

            bd = self.getBounds()

            nPointsCycle = len(ar)

            ar0 = ar[0]
            ar1 = ar[-1]

            #
            # test for reversed coordinates
            #

            if ar0 > ar1:
                cycle = -1 * abs(cycle)

            # eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
            #
            #  make sure xi<yi and shift to positive axis indices
            #
            # eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

            # Ensure that xi<yi

            if cycle > 0 and yi < xi:
                xi, yi = yi, xi
            if cycle < 0 and yi > xi:
                xi, yi = yi, xi

            # calculate the number of cycles to shift to positive side

            nCycleShift = numpy.floor((xi - ar0) / cycle)
            xp = xi - cycle * nCycleShift
            yp = xp + intervalLength

            # Extend the data vector with wraparound number of cycles in
            # interval and shifts

            nCycle = int(intervalCycles + 1.0 + 0.5) + abs(nCycleShift)

            #
            # check if nCycle is > nCycleMax
            #
            if(nCycle >= nCycleMax):
                raise CDMSError(InvalidNCycles + repr(nCycle))

            self._doubledata_ = numpy.concatenate((ar, ar + cycle))
            k = 2
            while(k < nCycle):
                self._doubledata_ = numpy.concatenate(
                    (self._doubledata_, ar + k * cycle))
                k = k + 1

            # Map the canonical coordinate interval (xp,yp) in the 'extended' data array
            # create axis to get the bounds array

            bigar = self._doubledata_
            bigarAxis = createAxis(bigar)
            bd = bigarAxis.getBounds()
            if bd is None:              # In case autobounds is off
                bd = bigarAxis.genGenericBounds()

            # run the more general mapLinearExt to get the indices

            indexInterval = mapLinearExt(
                bigar, bd, (xp, yp), indicator, wrapped=1)

            #
            # check to make sure we got an interval
            #

            if(indexInterval is None):
                return None

            i, j = indexInterval

            #
            #  now shift i back
            #

            i = i + int(nCycleShift * float(nPointsCycle))

            #
            #  adjust the length of the output interval by the indicator
            #  mapLinear does the calc correctly, we have to modify because we
            #  are overriding with the (float)(number of cycles) in the interval
            #

            j = j + int(nCycleShift * float(nPointsCycle))
            retval = (i, j)

        else:
            bd = self.getBounds()
            if bd is None:              # In case autobounds is off
                bd = self.genGenericBounds()
            retval = mapLinearExt(ar, bd, interval, indicator)

        if retval is not None:
            i, j = retval
            if stride == -1:
                if(j == length):
                    i, j = j - 1, i - 1
                else:
                    i, j = j - 1, i - 1
                if j == -1:
                    j = None

            retval = (i, j, stride)

        return retval


[docs]    def subaxis(self, i, j, k=1, wrap=True):
        """Returns subaxis.

        Parameters
        ----------
        i : int
            Positive start index.
        j : int
            Positive stop index.
        k : int
            Positive/Negative step value.
        wrap : bool
            True if subaxis can be wrapper otherwise False to prevent wrapping.

        Returns
        -------
        cdms2.TransientAxis
            Returns ``TransientAxis`` containing sub-axis.
        """
        # Original doc
        # """Create a transient axis for the index slice [i:j:k]
        # The stride k can be positive or negative. Wraparound is
        # supported for longitude dimensions or those with a modulus attribute.
        # """
        isGeneric = [False]
        fullBounds = self.getBounds(isGeneric)
        _debug = 0

        # Handle wraparound
        modulo = None
        size = len(self)

        # ----------------------------------------------------------------------
        # mf 20010328 negative stride i >= vice i >
        # ----------------------------------------------------------------------

        if wrap and ((k > 0 and j > size) or (
                k < 0 and i >= size)) and self.isCircular():
            modulo = self.getModuloCycle()

        if modulo is not None:
            # If self is decreasing and stride is positive,
            # or self is increasing and stride is negative, subtract the modulus,
            # otherwise add it.
            if (self[0] > self[-1]) == (k > 0):
                modulo = -modulo

            # ------------------------------------------------------------------
            #
            #  mf 20010329 -- N vice two slice scheme (more general)
            #
            # ------------------------------------------------------------------

            donew = 1

            if(donew):

                sn = splitSliceExt(slice(i, j, k), size)
                if(_debug):
                    print("SSSS1-------------------- ", sn, len(sn))

                for kk in range(0, len(sn)):
                    sl = sn[kk]
                    if(_debug):
                        print("SSSSSSSS kk = ", kk, sl)
                    part = self[sl] + kk * modulo
                    if(_debug):
                        print("SSSSSSSSSSSSSSS modulo",
                              part[0], part[-1], modulo)
                    if(kk == 0):
                        data = part
                    else:
                        data = numpy.concatenate((data, part))

                    if fullBounds is not None:
                        bound = fullBounds[sl] + kk * modulo
                        if (kk == 0):
                            bounds = bound
                        else:
                            bounds = numpy.concatenate((bounds, bound))
                    else:
                        bounds = None

            else:

                s1, s2 = splitSlice(slice(i, j, k), size)
                if(_debug):
                    print("SSSS0: original ", s1, s2)

                part1 = self[s1]
                part2 = self[s2] + modulo
                if(_debug):
                    print("SSSSSSSSSSSSSSS modulo", self[0], self[-1], modulo)
                data = numpy.concatenate((part1, part2))
                if fullBounds is not None:
                    bounds1 = fullBounds[s1]
                    bounds2 = fullBounds[s2] + modulo
                    bounds = numpy.concatenate((bounds1, bounds2))
                else:
                    bounds = None

        else:                           # no wraparound
            data = self[i:j:k]
            if fullBounds is not None:
                bounds = fullBounds[i:j:k]
            else:
                bounds = None

        newaxis = TransientAxis(
            data,
            bounds,
            id=self.id,
            copy=1,
            genericBounds=isGeneric[0])

        if self.isLatitude():
            newaxis.designateLatitude()
        if self.isLongitude():
            newaxis.designateLongitude()
        if self.isLevel():
            newaxis.designateLevel()
        if self.isTime():
            newaxis.designateTime()

        for attname in list(self.attributes.keys()):
            if attname not in ["datatype", "length", "isvar",
                               "name_in_file", "partition", "partition_length"]:
                setattr(newaxis, attname, getattr(self, attname))
                newaxis.attributes[attname] = getattr(self, attname)

        # Change circular topology to linear if a strict subset was copied
        if hasattr(self, "topology") and self.topology == "circular" and len(
                newaxis) < len(self):
            newaxis.topology = "linear"

        return newaxis


# ----------------------------------------------------------------------
# mf 2001 set calls to subAxis as subaxis
# ----------------------------------------------------------------------

    subAxis = subaxis

[docs]    def typecode(self):
        """Data typecode.
        """
        raise CDMSError(MethodNotImplemented)


    # Check that a boundary array is valid, raise exception if not. bounds is
    # an array of shape (n,2)
[docs]    def validateBounds(self, bounds):
        """Checks whether boundaries are valid.

        Performs the following checks:
        - Bounds shape is correct for axis data.
        - Bounds values are monotonic.

        Notes
        -----
        This method does modify ``bounds`` by reshaping.

        Parameters
        ----------
        bounds : numpy.ndarray
            2D array containing bounds.
        """
        requiredShape = (len(self), 2)
        requiredShape2 = (len(self) + 1,)
        if bounds.shape != requiredShape and bounds.shape != requiredShape2:
            raise CDMSError(
                InvalidBoundsArray +
                'shape is %s, should be %s or %s' %
                (repr(
                    bounds.shape),
                    repr(requiredShape),
                    repr(requiredShape2)))
        # Why are we modifying data?
        # Seems better found in something like fixBounds(bounds) method
        if bounds.shape == requiredShape2:  # case of "n+1" bounds
            bounds2 = numpy.zeros(requiredShape)
            bounds2[:, 0] = bounds[:-1]
            bounds2[:, 1] = bounds[1::]
            bounds = bounds2
        mono = (bounds[0, 0] <= bounds[0, 1])
        if mono:
            for i in range(bounds.shape[0]):
                if not bounds[i, 0] <= self[i] <= bounds[i, 1]:
                    raise CDMSError(InvalidBoundsArray +
                                    'bounds[%i]=%f is not in the range [%f,%f]' %
                                    (i, self[i], bounds[i, 0], bounds[i, 1]))
        else:
            for i in range(bounds.shape[0]):
                if not bounds[i, 0] >= self[i] >= bounds[i, 1]:
                    raise CDMSError(InvalidBoundsArray +
                                    'bounds[%i]=%f is not in the range [%f,%f]' %
                                    (i, self[i], bounds[i, 1], bounds[i, 0]))
        return bounds


    # Generate bounds from midpoints. width is the width of the zone if the
    # axis has one value.
[docs]    def genGenericBounds(self, width=1.0):
        """Generate generic bounds.

        Generate generic bounds. The axis values will be in the center of the
        bounds.

        If the axis is latitude the endpoints of the bounds are capped at 90
        and -90 respectively.

        If the axis is longitude the endpoints of the bounds will be adjusted
        as to ensure they are circular.

        Parameters
        ----------
        width : float
            Width of the bounds when axis length is 1.

        Returns
        -------
        numpy.ndarray
            2D (n,2) array containing bounds values.

        Examples
        --------
        >>> a1 = cdms2.createAxis(np.arange(0, 360, 1), id='lon')
        >>> a1.designateLongitude()
        >>> b1 = a1.genGenericBounds()
        >>> b1[0, 0], b1[-1, 1]
        (array([-0.5,  0.5]), array([358.5, 359.5]))

        >>> a1 = cdms2.createAxis(np.arange(0, 360, 1), id='lon')
        >>> a1.designateLongitude()
        >>> b1 = a1.genGenericBounds()
        >>> b1[0, 0], b1[-1, 1]
        (array([90.5, 89.5]), array([-88.5, -89.5]))
        """
        if self._data_ is None:
            self._data_ = self.getData()
        ar = self._data_
        if len(self) > 1:
            leftPoint = numpy.array([1.5 * ar[0] - 0.5 * ar[1]])
            midArray = (ar[0:-1] + ar[1:]) / 2.0
            rightPoint = numpy.array([1.5 * ar[-1] - 0.5 * ar[-2]])
            bnds = numpy.concatenate((leftPoint, midArray, rightPoint))
        else:
            delta = width / 2.0
            bnds = numpy.array([self[0] - delta, self[0] + delta])

        # Transform to (n,2) array
        retbnds = numpy.zeros((ar.shape + (2,)), numpy.float64)
        retbnds[..., 0] = bnds[:-1]
        retbnds[..., 1] = bnds[1:]
        # To avoid floating point error on bound limits

        if(self.isLongitude() and hasattr(self, 'units') and
                (self.units.find('degree') != -1) and len(retbnds.shape) == 2):
            # Make sure we have close to 360 degree interval
            if(abs(abs(retbnds[-1, 1] - retbnds[0, 0]) - 360) <
                  (numpy.minimum(0.01, abs(retbnds[0, 1] - retbnds[0, 0]) * 0.1))):
                # Now check wether either bound is near an interger value;
                # if yes round both integer
                if((abs(retbnds[0, 0] - numpy.floor(retbnds[0, 0] + 0.5)) <
                    abs(retbnds[0, 1] - retbnds[0, 0]) * 0.01) or
                    (abs(retbnds[-1, 1] - numpy.floor(retbnds[-1, 1] + 0.5)) <
                     abs(retbnds[-1, 1] - retbnds[-1, 0]) * 0.01)):
                    # only for -180, 180 not needed if values are all positive
                    # (0-360)
                    if((retbnds[0, 0] * retbnds[-1, 1]) < 0):
                        # msg = "\nYour first bounds[0,0] %3.15lf will be corrected to %3.15lf\n"\
                        #       "Your bounds bounds[-1,1] %3.15lf will be corrected to %3.15lf" \
                        #     % (retbnds[0, 0], numpy.floor(retbnds[0, 0] + 0.5), retbnds[-1, 1],
                        #        numpy.floor(retbnds[-1, 1] + 0.5))
                        # warnings.warn(msg, UserWarning)
                        retbnds[0, 0] = numpy.floor(retbnds[0, 0] + 0.5)
                        retbnds[-1, 1] = numpy.floor(retbnds[-1, 1] + 0.5)
                else:
                    if(retbnds[-1, 1] > retbnds[0, 0]):
                        retbnds[-1, 1] = retbnds[0, 0] + 360.
                    else:
                        retbnds[0, 0] = retbnds[-1, 1] + 360.

        if((self.isLatitude() and getAutoBounds()) and hasattr(self, 'units') and (self.units.find('degree') != -1)):
            retbnds[0, ...] = numpy.maximum(-90.0,
                                            numpy.minimum(90.0, retbnds[0, ...]))
            retbnds[-1, ...] = numpy.maximum(-90.0,
                                             numpy.minimum(90.0, retbnds[-1, ...]))

        return retbnds


[docs]    def clone(self, copyData=1):
        """Clone axis.

        Parameters
        ----------
        copyData : int
            1 Will copy the data.
            0 Will use a reference of the axis data.

        Returns
        -------
        cdms2.TransientAxis
            Returns a ``TransientAxis`` containing a clone.
        """
        # Original doc
        # """clone (self, copyData=1)
        # Return a copy of self as a transient axis.
        # If copyData is 1, make a separate copy of the data."""
        isGeneric = [False]
        b = self.getBounds(isGeneric)
        if copyData == 1:
            mycopy = createAxis(copy.copy(self[:]))
        else:
            mycopy = createAxis(self[:])
        mycopy.id = self.id
        mydict = self.__dict__
        newdict = {k: mydict[k] for k in mydict if k not in ['_data_']}
        mycopy.__dict__.update(newdict)
        mycopy._obj_ = None  # Erase Cdfile object if exist
        try:
            mycopy.setBounds(b, isGeneric=isGeneric[0])
        except CDMSError:
            b = mycopy.genGenericBounds()
            mycopy.setBounds(b, isGeneric=False)
        return mycopy


[docs]    def listall(self, all=None):
        """List axis information.

        Parameters
        ----------
        all : bool
            If True values and bounds will be printed.

        Returns
        -------
        str
            Returns a string with all the information about the axis.
        """
        # "Get list of info about this axis."
        aname = self.id
        result = []
        result.append('   id: ' + aname)
        if self.isLatitude():
            result.append('   Designated a latitude axis.')
        if self.isLongitude():
            result.append('   Designated a longitude axis.')
        if self.isTime():
            result.append('   Designated a time axis.')
        if self.isLevel():
            result.append('   Designated a level axis.')
        try:
            units = self.units
            result.append('   units:  ' + units)
        except BaseException:
            pass
        d = self.getValue()
        result.append('   Length: ' + str(len(d)))
        result.append('   First:  ' + str(d[0]))
        result.append('   Last:   ' + str(d[-1]))
        flag = 1
        for k in list(self.attributes.keys()):
            if k in std_axis_attributes:
                continue
            if flag:
                result.append('   Other axis attributes:')
                flag = 0
            result.append('      ' + k + ': ' + str(self.attributes[k]))
        result.append('   Python id:  %s' % hex(id(self)))

        if all:
            result.append("   Values:")
            result.append(str(d))
            b = self.getBounds()
            result.append("   Bounds:")
            result.append(str(b))
        return result


[docs]    def info(self, flag=None, device=None):
        "Write info about axis; include dimension values and weights if flag"
        if device is None:
            device = sys.stdout
        device.write(str(self))


[docs]    def isVirtual(self):
        "Return true iff coordinate values are implicitly defined."
        return False


    shape = property(_getshape, None)
    dtype = _getdtype


# PropertiedClasses.set_property(AbstractAxis, 'shape',
# AbstractAxis._getshape, nowrite=1, nodelete=1)
# PropertiedClasses.set_property(AbstractAxis, 'dtype',
# AbstractAxis._getdtype, nowrite=1, nodelete=1)
# internattr.add_internal_attribute (AbstractAxis, 'id', 'parent')

# One-dimensional coordinate axis in a dataset


[docs]class Axis(AbstractAxis):
    """Base Axis class.

    Parameters
    ----------
    parent : cdms2.CdmsFile
        Underlying file object.
    axisNode : xml.etree.Element
        Xml element for axis.
    """

    def __init__(self, parent, axisNode=None):
        if axisNode is not None and axisNode.tag != 'axis':
            raise CDMSError('Creating axis, node is not an axis node.')
        AbstractAxis.__init__(self, parent, axisNode)
        if axisNode is not None:
            if axisNode.partition is not None:
                flatpart = axisNode.partition
                self.__dict__['partition'] = numpy.reshape(
                    flatpart, (len(flatpart) // 2, 2))
                self.attributes['partition'] = self.partition
        self.id = axisNode.id

[docs]    def typecode(self):
        """Get typecode.
        """
        return cdmsNode.CdToNumericType.get(self._node_.datatype)


    # Handle slices of the form x[i], x[i:j:k], x[(slice(i,j,k),)], and x[...]
    def __getitem__(self, key):
        node = self._node_
        length = len(node)

        # Allow key of form (slice(i,j),) etc.
        if isinstance(key, tuple) and len(key) == 1:
            key = key[0]

        if isinstance(key, (int, numpy.int, numpy.int32)):  # x[i]
            if key >= length:
                raise IndexError('index out of bounds')
            else:
                # Don't generate the entire array (if linear) just for one
                # value
                return node.data[key % length]
        elif isinstance(key, slice):  # x[i:j:k]
            if self._data_ is None:
                self._data_ = node.getData()
            return self._data_[key.start:key.stop:key.step]
        elif isinstance(key, type(Ellipsis)):  # x[...]
            if self._data_ is None:
                self._data_ = node.getData()
            return self._data_
        elif isinstance(key, tuple):
            raise IndexError('axis is one-dimensional')
        else:
            raise IndexError('index must be an integer: %s' % repr(key))

    # Get axis data
[docs]    def getData(self):
        """Get axis data.

        Returns
        -------
        numpy.ndarray
            Returns axis data.
        """
        return self._node_.getData()      # Axis data is retrieved from the metafile


    # Handle slices of the form x[i:j]
    def __getslice__(self, low, high):
        if self._data_ is None:
            self._data_ = self.getData()
        return self._data_[low:high]

    def __len__(self):
        return len(self._node_)

    # Return true iff the axis representation is linear
[docs]    def isLinear(self):
        """Checks if axis is linear.

        Returns
        -------
        bool
            True if axis is linear otherwise False.
        """
        return self._node_.dataRepresent == cdmsNode.CdLinear


    # Return the bounds array, or generate a default if autoBounds mode is on
[docs]    def getBounds(self, isGeneric=None):
        """Get axis bounds.

        If bounds are not available and you want them generated set the correct
        behavior using ``setAutoBounds``.

        Parameters
        ----------
        isGeneric : list of bool
            First value is set True if bounds are generated.

        Returns
        -------
        numpy.ndarray
            Returns bounds if available, generates bounds if ``setAutoBounds`` has been set
            accordingly otherise ``None`` is returned.
        """
        # '''
        # If isGeneric is a list with one element, we set its element to True if the
        # bounds were generated and False if bounds were read from the file.
        # '''
        if (isGeneric):
            isGeneric[0] = False
        boundsArray = self.getExplicitBounds()
        try:
            self.validateBounds(boundsArray)
        except BaseException:
            boundsArray = None
        abopt = getAutoBounds()
        if boundsArray is None and (abopt == 1 or (
                abopt == 2 and (self.isLatitude() or self.isLongitude()))):
            if (isGeneric):
                isGeneric[0] = True
            boundsArray = self.genGenericBounds()

        return boundsArray


    # Return the bounds array, or None
[docs]    @base_doc(AbstractAxis)
    def getExplicitBounds(self):
        """getExplicitBounds.
        """
        boundsArray = None
        if hasattr(self, 'bounds'):
            boundsName = self.bounds
            try:
                boundsVar = self.parent.variables[boundsName]
                boundsArray = numpy.ma.filled(boundsVar.getSlice())
            except KeyError:
                boundsArray = None

        return boundsArray


[docs]    @base_doc(AbstractAxis)
    def getCalendar(self):
        """getCalendar.
        """
        if hasattr(self, 'calendar'):
            calendar = self.calendar.lower()
        elif self.parent is not None and hasattr(self.parent, 'calendar'):
            calendar = self.parent.calendar.lower()
        else:
            calendar = None

        cdcal = tagToCalendar.get(calendar, cdtime.DefaultCalendar)
        return cdcal



# In-memory coordinate axis


[docs]class TransientAxis(AbstractAxis):
    """Axis in memory.

    Parameters
    ----------
    data : numpy.ndarray
        Array with data for axis.
    bounds : numpy.ndarray
        2D array containing bounds, should be shaped (N,2).
    id : str
        Identifier for axis.
    attributes : dict
        Mapping of attribute names and values.
    copy : int
        1: Store copy of data
        0: Store reference to data
    genericBounds : bool
        If ``True`` and bounds is ``None`` generic bounds will be generated.
    """

    axis_count = 0

[docs]    def __init__(self, data, bounds=None, id=None,
                 attributes=None, copy=0, genericBounds=False):
        AbstractAxis.__init__(self, None, None)
        if id is None:
            TransientAxis.axis_count = TransientAxis.axis_count + 1
            id = 'axis_' + str(TransientAxis.axis_count)
        if attributes is None:
            if hasattr(data, 'attributes'):
                attributes = data.attributes
        if attributes is not None:
            for name, value in list(attributes.items()):
                if name not in ['missing_value', 'name']:
                    setattr(self, name, value)
        self.id = id
        if isinstance(data, AbstractAxis):
            if copy == 0:
                self._data_ = data[:]
            else:
                self._data_ = numpy.array(data[:])
        elif isinstance(data, numpy.ndarray):
            if copy == 0:
                self._data_ = data
            else:
                self._data_ = numpy.array(data)
        elif isinstance(data, numpy.ma.MaskedArray):
            if numpy.ma.getmask(data) is not numpy.ma.nomask:
                raise CDMSError(
                    'Cannot construct an axis with a missing value.')
            data = data.data
            if copy == 0:
                self._data_ = data
            else:
                self._data_ = numpy.array(data)
        elif data is None:
            self._data_ = None
        else:
            self._data_ = numpy.array(data)

        self._doubledata_ = None
        self._genericBounds_ = genericBounds
        self.setBounds(bounds, isGeneric=genericBounds)


    def __getitem__(self, key):
        return self._data_[key]

    def __getslice__(self, low, high):
        return self._data_[low:high]

    def __setitem__(self, index, value):
        self._data_[index] = numpy.ma.filled(value)

    def __setslice__(self, low, high, value):
        self._data_[low:high] = numpy.ma.filled(value)

    def __len__(self):
        return len(self._data_)

[docs]    @base_doc(AbstractAxis)
    def getBounds(self, isGeneric=None):
        """getBounds.

        Parameters
        ----------
        isGeneric :
            isGeneric
        """
        if (isGeneric):
            isGeneric[0] = self._genericBounds_
        if self._bounds_ is not None:
            return copy.copy(self._bounds_)
        elif (getAutoBounds() == 1 or (getAutoBounds() == 2 and (self.isLatitude() or self.isLongitude()))):
            if (isGeneric):
                isGeneric[0] = True
            self._genericBounds_ = True
            return self.genGenericBounds()
        else:
            return None


[docs]    @base_doc(AbstractAxis)
    def getData(self):
        """getData.
        """
        return self._data_


[docs]    @base_doc(AbstractAxis)
    def getExplicitBounds(self):
        """getExplicitBounds.
        """
        if (self._genericBounds_):
            return None
        else:
            return copy.copy(self._bounds_)


    # Set bounds. The persistent argument is for compatibility with
    # persistent versions, is ignored. Same for boundsid and index.
    #
    # mf 20010308 - add validate key word, by default do not validate
    # isGeneric is False if bounds were generated, True if they were read from
    # a file
[docs]    def setBounds(self, bounds, persistent=0, validate=0,
                  index=None, boundsid=None, isGeneric=False):
        """Sets axis bounds.

        If ``bounds`` is None then generic bounds will be generated. See
        ``genGenericBounds`` for details.

        Parameters
        ----------
        bounds : numpy.ndarray
            2D array containing bounds for axis.
        persistent : int
            0: Stores bounds in memory
            1: Stores bounds in underlying file.
        validate : int
            0: No validation
            1: Validate bounds
        index :
            Not used.
        boundsid :
            Not used.
        isGeneric : bool
            True if bounds are generic.
        """
        if bounds is not None:
            if isinstance(bounds, numpy.ma.MaskedArray):
                bounds = numpy.ma.filled(bounds)
            if validate:
                bounds = self.validateBounds(bounds)
            else:                       # Just do the absolute minimum validation
                requiredShape = (len(self), 2)
                requiredShape2 = (len(self) + 1,)
                if bounds.shape != requiredShape and bounds.shape != requiredShape2:
                    raise CDMSError(
                        InvalidBoundsArray +
                        'shape is %s, should be %s or %s' %
                        (repr(
                            bounds.shape),
                            repr(requiredShape),
                            repr(requiredShape2)))
                if bounds.shape == requiredShape2:  # case of "n+1" bounds
                    bounds2 = numpy.zeros(requiredShape)
                    bounds2[:, 0] = bounds[:-1]
                    bounds2[:, 1] = bounds[1::]
                    bounds = bounds2
            self._bounds_ = copy.copy(bounds)
            self._genericBounds_ = isGeneric
        else:
            if (getAutoBounds() == 1 or (getAutoBounds() ==
                                         2 and (self.isLatitude() or self.isLongitude()))):
                self._bounds_ = self.genGenericBounds()
                self._genericBounds_ = True
            else:
                self._bounds_ = None


[docs]    @base_doc(AbstractAxis)
    def isLinear(self):
        return False


[docs]    @base_doc(AbstractAxis)
    def typecode(self):
        return self._data_.dtype.char




[docs]class TransientVirtualAxis(TransientAxis):
    """Virtual in-memory axis.

    Parameters
    ----------
    axisname : str
        Name of the axis.
    axislen : int
        Length of the axis.
    """

    def __init__(self, axisname, axislen):
        TransientAxis.__init__(self, None, id=axisname)
        self._virtualLength = axislen  # length of the axis

    def __len__(self):
        return self._virtualLength

    def __str__(self):
        return "<TransientVirtualAxis %s(%d)>" % (self.id, self._virtualLength)

    __repr__ = __str__

[docs]    def clone(self, copyData=1):
        return TransientVirtualAxis(self.id, len(self))


[docs]    @base_doc(AbstractAxis)
    def getData(self):
        return numpy.arange(float(self._virtualLength))


[docs]    @base_doc(AbstractAxis)
    def isCircular(self):
        # Circularity doesn't apply to index space.
        return False


[docs]    @base_doc(AbstractAxis)
    def isVirtual(self):
        return True


[docs]    @base_doc(AbstractAxis)
    def setBounds(self, bounds, isGeneric=False):
        self._bounds_ = None


    @base_doc(AbstractAxis)
    def __getitem__(self, key):
        return self.getData()[key]

    def __getslice__(self, low, high):
        return self.getData()[low:high]


# PropertiedClasses.initialize_property_class (TransientVirtualAxis)

# One-dimensional coordinate axis in a CdmsFile.


[docs]class FileAxis(AbstractAxis):
    """Axis stored in a file.

    Parameters
    ----------
    parent : cdms2.CdmsFile
        Underlying file.
    axisname : str
        Name of the axis.
    obj
    """

    def __init__(self, parent, axisname, obj=None):
        AbstractAxis.__init__(self, parent, None)
        val = self.__cdms_internals__ + ['name_in_file', ]
        self.___cdms_internals__ = val
        self.id = axisname
        self._obj_ = obj
        # Overshadows file boundary data, if not None
        self._boundsArray_ = None
        (units, typecode, name_in_file, parent_varname, dimtype, ncid) = \
            parent._file_.dimensioninfo[axisname]
        self.__dict__['_units'] = units
        att = self.attributes
        att['units'] = units
        self.attributes = att
        self.name_in_file = self.id
        if name_in_file:
            self.name_in_file = name_in_file
        # Combine the attributes of the variable object, if any
        if obj is not None:
            for attname in list(self._obj_.__dict__.keys()):
                attval = getattr(self._obj_, attname)
                if not isinstance(attval, types.BuiltinFunctionType):
                    self.__dict__[attname] = attval
                    att = self.attributes
                    att[attname] = attval
                    self.attributes = att

[docs]    @base_doc(AbstractAxis)
    def getData(self):
        if cdmsobj._debug == 1:
            print('Getting array for axis', self.id)
        if self.parent is None:
            raise CDMSError(FileWasClosed + self.id)
        try:
            result = self.parent._file_.readDimension(self.id)
            return result
        except BaseException:
            pass
        try:
            result = self._obj_.getitem(*(slice(None, None),))
        except BaseException:
            raise CDMSError('Data for dimension %s not found' % self.id)
        return result


[docs]    @base_doc(AbstractAxis)
    def typecode(self):
        if self.parent is None:
            raise CDMSError(FileWasClosed + self.id)
        (units, typecode, name_in_file, parent_varname, dimtype, ncid) = \
            self.parent._file_.dimensioninfo[self.id]
        return typecode


    def _setunits(self, value):
        """Sets axis units.

        Parameters
        ----------
        value : str
            Value to set "units" attribute.
        """
        self._units = value
        self.attributes['units'] = value
        if self.parent is None:
            raise CDMSError(FileWasClosed + self.id)
        setattr(self._obj_, 'units', value)
        (units, typecode, name_in_file, parent_varname, dimtype, ncid) = \
            self.parent._file_.dimensioninfo[self.id]
        self.parent._file_.dimensioninfo[self.id] = \
            (value, typecode, name_in_file, parent_varname, dimtype, ncid)

    def _getunits(self):
        """Gets units attribute.

        Returns
        -------
        str
            Value of units attribute.
        """
        return self._units

    def _delunits(self):
        """Delete units attribute.
        """
        del(self._units)
        del(self.attributes['units'])
        delattr(self._obj_, 'units')

    def __getattr__(self, name):
        if name == 'units':
            return self._units
        try:
            return self.__dict__[name]
        except BaseException:
            raise AttributeError
    # setattr writes external attributes to the file

    def __setattr__(self, name, value):
        if name == 'units':
            self._setunits(value)
            return
        if hasattr(self, 'parent') and self.parent is None:
            raise CDMSError(FileWasClosed + self.id)
#         s = self.get_property_s (name)
# if s is not None:
#             s(self, name, value)
# return
        if name not in self.__cdms_internals__ and name[0] != '_':
            setattr(self._obj_, name, value)
            self.attributes[name] = value
        self.__dict__[name] = value

    # delattr deletes external global attributes in the file
    def __delattr__(self, name):
        #         d = self.get_property_d(name)
        # if d is not None:
        #             d(self, name)
        # return
        if name == "units":
            self._delunits()
            return
        try:
            del self.__dict__[name]
        except KeyError:
            raise AttributeError("%s instance has no attribute %s." %
                                 (self.__class__.__name__, name))
        if name not in self.__cdms_internals__(name):
            delattr(self._obj_, name)
            del(self.attributes[name])

    # Read data
    # If the axis has a related Cdunif variable object, just read that variable
    # otherwise, cache the Cdunif (read-only) data values in self._data_. in this case,
    # the axis is not extensible, so it is not necessary to reread it each
    # time.
    def __getitem__(self, key):
        if self.parent is None:
            raise CDMSError(FileWasClosed + self.id)
        # See __getslice__ comment below.
        if (self._obj_ is not None) and (self.parent._mode_ != 'r') and not (
                hasattr(self.parent, 'format') and self.parent.format == "DRS"):
            # For negative strides, get the equivalent slice with positive stride,
            # then reverse the result.
            if (isinstance(key, slice)) and (
                    key.step is not None) and key.step < 0:
                posslice = reverseSlice(key, len(self))
                result = self._obj_.getitem(*(posslice,))
                return result[::-1]
            else:
                if isinstance(key, int) and key >= len(self):
                    raise IndexError('Index out of bounds: %d' % key)
                if not isinstance(key, tuple):
                    key = (key,)
                return self._obj_.getitem(*key)
        if self._data_ is None:
            self._data_ = self.getData()
        length = len(self._data_)
        if isinstance(key, int):  # x[i]
            if key >= length:
                raise IndexError('index out of bounds')
            else:
                return self._data_[key % length]
        elif isinstance(key, slice):  # x[i:j:k]
            return self._data_[key.start:key.stop:key.step]
        elif isinstance(key, type(Ellipsis)):  # x[...]
            return self._data_
        elif isinstance(key, tuple):
            raise IndexError('axis is one-dimensional')
        else:
            raise IndexError(
                'index must be an integer or slice: %s' %
                repr(key))

    def __getslice__(self, low, high):
        # Hack to prevent netCDF overflow error on 64-bit architectures
        high = min(Max32int, high)

        # Hack to fix a DRS bug: force use of readDimension for DRS axes.
        # Since DRS is read-only here, it is OK just to cache all dimensions.
        if self.parent is None:
            raise CDMSError(FileWasClosed + self.id)
        if (self._obj_ is not None) and (self.parent._mode_ != 'r') and not (
                hasattr(self.parent, 'format') and self.parent.format == "DRS"):
            return self._obj_.getslice(*(low, high))
        else:
            if self._data_ is None:
                self._data_ = self.getData()
            return self._data_[low:high]

    def __setitem__(self, index, value):
        if self._obj_ is None:
            raise CDMSError(ReadOnlyAxis + self.id)
        if self.parent is None:
            raise CDMSError(FileWasClosed + self.id)
        # need setslice to create a new shape using [newaxis]
        if(isinstance(index, slice)):
            if(index.start is not None):
                if(self.shape[0] < index.start):
                    low = index.start
                    high = index.stop
                    if(self.isUnlimited() and (high >= Max32int)):
                        high = self.__len__()
                    high = min(Max32int, high)
                    return self._obj_.setslice(
                        *(low, high, numpy.ma.filled(value)))
        return self._obj_.setitem(*(index, numpy.ma.filled(value)))

    def __setslice__(self, low, high, value):
        # Hack to prevent netCDF overflow error on 64-bit architectures
        if(self.isUnlimited() and (high >= Max32int)):
            high = self.__len__()
        high = min(Max32int, high)
        if self._obj_ is None:
            raise CDMSError(ReadOnlyAxis + self.id)
        if self.parent is None:
            raise CDMSError(FileWasClosed + self.id)
        return self._obj_.setslice(*(low, high, numpy.ma.filled(value)))

    def __len__(self):
        if self.parent is None:
            raise CDMSError(FileWasClosed + self.id)
        if self._obj_ is not None:
            length = len(self._obj_)
        elif self._data_ is None:
            self._data_ = self.getData()
            length = len(self._data_)
        else:
            length = len(self._data_)
        return length

[docs]    def isLinear(self):
        """isLinear.
        """
        return False                        # All file axes are vector representation


    # Return the bounds array, or generate a default if autobounds mode is set
    # If isGeneric is a list with one element, we set its element to True if the
    # bounds were generated and False if bounds were read from the file.
[docs]    @base_doc(AbstractAxis)
    def getBounds(self, isGeneric=None):
        if (isGeneric):
            isGeneric[0] = False
        boundsArray = self.getExplicitBounds()
        try:
            boundsArray = self.validateBounds(boundsArray)
        except Exception:
            boundsArray = None
        if boundsArray is None and (getAutoBounds() == 1 or (
                getAutoBounds() == 2 and (self.isLatitude() or self.isLongitude()))):
            if (isGeneric):
                isGeneric[0] = True
            boundsArray = self.genGenericBounds()

        return boundsArray


    # Return the bounds array, or None
[docs]    @base_doc(AbstractAxis)
    def getExplicitBounds(self):
        if self._boundsArray_ is None:
            boundsArray = None
            if hasattr(self, 'bounds'):
                boundsName = self.bounds
                try:
                    boundsVar = self.parent[boundsName]
                    boundsArray = numpy.ma.filled(boundsVar)
                    self._boundsArray_ = boundsArray  # for climatology performance
                except KeyError as err:
                    print(err)
                    boundsArray = None
        else:
            boundsArray = self._boundsArray_

        return boundsArray


    # Create and write boundary data variable. An exception is raised
    # if the bounds are already set. bounds is a numpy array.
    # If persistent==1, write to file, else save in self._boundsArray_
    # For a persistent axis, index=n writes the bounds starting at that
    # index in the extended dimension (default is index=0).
    # If the bounds variable is new, use the name boundsid, or 'bounds_<varid>'
    # if unspecified.
    # isGeneric is only used for TransientAxis
[docs]    @base_doc(AbstractAxis)
    def setBounds(self, bounds, persistent=0, validate=0,
                  index=None, boundsid=None, isGeneric=False):
        if persistent:
            if index is None:
                if validate:
                    bounds = self.validateBounds(bounds)
                index = 0

            # Create the bound axis, if necessary
            file = self.parent
            if file._boundAxis_ is None:

                # First look for 'bound' of length two
                if "bound" in file.axes and len(file.axes["bound"]) == 2:
                    file._boundAxis_ = file.axes["bound"]
                else:
                    file._boundAxis_ = file.createVirtualAxis("bound", 2)

            # Create the boundary variable if necessary
            if hasattr(self, 'bounds'):
                boundName = self.bounds
                boundVar = file.variables[boundName]
            else:
                if boundsid is None:
                    boundName = "bounds_" + self.id
                else:
                    boundName = boundsid
                boundVar = file.createVariable(
                    boundName, cdmsNode.NumericToCdType.get(
                        bounds.dtype.char), (self, file._boundAxis_))
                # And link to self
                self.bounds = boundName
                self._boundsArray_ = None

            boundVar[index:index + len(bounds)] = bounds

        else:
            self._boundsArray_ = copy.copy(bounds)


[docs]    @base_doc(AbstractAxis)
    def getCalendar(self):
        """getCalendar.
        """
        if hasattr(self, 'calendar'):
            calendar = self.calendar.lower()
        elif self.parent is not None and hasattr(self.parent, 'calendar'):
            calendar = self.parent.calendar.lower()
        else:
            calendar = None

        cdcal = tagToCalendar.get(calendar, cdtime.DefaultCalendar)
        return cdcal


[docs]    @base_doc(AbstractAxis)
    def isVirtual(self):
        "Return true iff coordinate values are implicitly defined."

        # No virtual axes in GrADS files
        if self.parent is not None and hasattr(
                self.parent, 'format') and self.parent.format == 'GRADS':
            return False
        return (self._obj_ is None)


[docs]    def isUnlimited(self):
        """Is axis unlimited.

        Returns
        -------
        bool
            True if axis is unlimited otherwise False.
        """
        if self.parent is not None and self.id in self.parent._file_.dimensions:
            return (self.parent._file_.dimensions[self.id] is None)
        else:
            return False


# PropertiedClasses.set_property (FileAxis, 'units',
# acts=FileAxis._setunits,
# nodelete=1
# )
# internattr.add_internal_attribute(FileAxis, 'name_in_file')


[docs]class FileVirtualAxis(FileAxis):
    """Virual FileAxis.

    Parameters
    ----------
    parent : CdmsFile
        Underlying file.
    axisname : str
        Name of the axis.
    axislen : int
        Length of the axis.
    """

    def __init__(self, parent, axisname, axislen):
        FileAxis.__init__(self, parent, axisname)
        self._virtualLength = axislen  # length of the axis

    def __len__(self):
        return self._virtualLength

[docs]    @base_doc(AbstractAxis)
    def getData(self):
        return numpy.arange(float(self._virtualLength))


[docs]    def isVirtual(self):
        """Checks if axis is virtual.

        Returns
        -------
        bool
            True if axis is virtual otherwise False.
        """
        return True



# PropertiedClasses.initialize_property_class (FileVirtualAxis)

# Functions for selecting axes


# Functions for selecting axes
[docs]def axisMatchAxis(axes, specifications=None, omit=None, order=None):
    """Match a list of axes following a specification or list of
     specificatons, and a specification or list of specifications
     of those axes to omit.

     Parameters
     ----------
     specifications :
         *  is None, include all axes less the omitted ones.

         *  Individual specifications must be integer indices into axes or
            matching criteria as detailed in axisMatches.

     omit :
         *  is None, do not omit any axis.

         *  Individual specifications must be integer indices into axes or
            matching criteria as detailed in axisMatches.

     order :
         *  A string containing the symbols `t,x,y,z` or `-`.  If a `-` is
            given, any elements of the result not chosen otherwise are filled
            in from left to right with remaining candidates.

     Returns
     -------
     A list of axes that match the specification omitting any axes that matches
     an omit specification.

     Axes are returned in the order they occur in the axes argument unless order is given.
    """
    return [axes[i] for i in
            axisMatchIndex(axes, specifications, omit, order)]



[docs]def axisMatchIndex(axes, specifications=None, omit=None, order=None):
    """Match a list of axes following a specification or list of
     specificatons, and a specification or list of specifications
     of those axes to omit.

     Parameters
     ----------
     specifications :
         *  is None, include all axes less the omitted ones.

         *  Individual specifications must be integer indices into axes or
            matching criteria as detailed in axisMatches.

     omit :
         *  is None, do not omit any axis.

         *  Individual specifications must be integer indices into axes or
            matching criteria as detailed in axisMatches.

     order :
         *  A string containing the symbols `t,x,y,z` or `-`.  If a `-` is
            given, any elements of the result not chosen otherwise are filled
            in from left to right with remaining candidates.

     Returns
     -------
     A list of axis' indices which match the specification omitting any axes that matches an omit specification.

     Axes are returned in the order they occur in the axes argument unless order is given.

    """
    if specifications is None:
        speclist = axes
    elif isinstance(specifications, bytes):
        speclist = [specifications]
    elif isinstance(specifications, list):
        speclist = specifications
    elif isinstance(specifications, tuple):
        speclist = list(specifications)
    elif isinstance(specifications, int):
        speclist = [specifications]
    elif isinstance(specifications, types.FunctionType):
        speclist = [specifications]
    else:  # to allow arange, etc.
        speclist = list(numpy.ma.filled(specifications))

    candidates = []
    for i in range(len(axes)):
        for s in speclist:
            if isinstance(s, int):
                r = (s == i)
            else:
                r = axisMatches(axes[i], s)
            if r:
                candidates.append(i)
                break

    if not candidates:
        return candidates  # list empty

    if omit is None:
        omitlist = []
    elif isinstance(omit, string_types):
        omitlist = [omit]
    elif isinstance(omit, list):
        omitlist = omit
    elif isinstance(omit, tuple):
        omitlist = list(omit)
    elif isinstance(omit, int):
        omitlist = [omit]
    elif isinstance(omit, types.FunctionType):
        omitlist = [omit]
    elif isinstance(omit, AbstractAxis):
        omitlist = [omit]
    else:
        raise CDMSError('Unknown type of omit specifier.')

    for s in omitlist:
        if isinstance(s, int):
            for i in range(len(candidates)):
                if axes[candidates[i]] is axes[s]:
                    del candidates[i]
                    break
        elif isinstance(s, AbstractAxis):
            for i in range(len(candidates)):
                if s is axes[candidates[i]]:
                    del candidates[i]
                    break
        else:
            for i in range(len(candidates)):
                r = axisMatches(axes[candidates[i]], s)
                if r:
                    del candidates[i]
                    break

    if order is None:
        return candidates

    n = len(candidates)
    m = len(order)
    result = [None] * n
# this loop is done this way for future escapes where elements of order
# are not single chars.
    j = 0
    io = 0
    while j < n:
        if j >= m or order[io] == '-':
            result[j] = candidates[0]
            del candidates[0]
            j += 1
            io += 1
            continue
        elif order[j] == 't':
            oj = 'time'
            io += 1
        elif order[j] == 'x':
            oj = 'longitude'
            io += 1
        elif order[j] == 'y':
            oj = 'latitude'
            io += 1
        elif order[j] == 'z':
            oj = 'level'
            io += 1
        else:
            # later could put in escaped ids or indices
            raise CDMSError('Unknown character in order string')

        for i in range(n):
            if axisMatches(axes[candidates[i]], oj):
                result[j] = candidates[i]
                del candidates[i]
                break
        else:
            raise CDMSError("Axis requested in order specification not there")
        j += 1
    return result



[docs]def axisMatches(axis, specification):
    """
       Axis Matches

       Parameters
       ----------
       axis : See note below
       specifications : See note below

       Returns
       -------
       1 or 0 depending on whether axis matches the specification.

       Notes

       Specification must be one of:

       #. a string representing an axis id or one of the keywords time,
          fctau0, latitude or lat, longitude or lon, or lev or level.

       #. Axis may be surrounded with parentheses or spaces.

          * We first attempt to match the axis id and the specification.
          * Keywords try to match using isTime, isLatitude, etc.
          * Comparisons to keywords and axis ids is case-insensitive.

       #. a function that takes an axis as an argument and returns a value.
          * if the value returned is true, the axis matches.

       #. an axis object; will match if it is the same object as axis.
    """
    if isinstance(specification, string_types):
        s = specification.lower()
        s = s.strip()
        while s[0] == '(':
            if s[-1] != ')':
                raise CDMSError('Malformed axis spec, ' + specification)
            s = s[1:-1].strip()
        if axis.id.lower() == s:
            return True
        elif (s == 'time') or (s in time_aliases):
            return axis.isTime()
        elif (s == 'fctau0') or (s in forecast_aliases):
            return axis.isForecast()
        elif (s[0:3] == 'lat') or (s in latitude_aliases):
            return axis.isLatitude()
        elif (s[0:3] == 'lon') or (s in longitude_aliases):
            return axis.isLongitude()
        elif (s[0:3] == 'lev') or (s in level_aliases):
            return axis.isLevel()
        else:
            return False

    elif isinstance(specification, types.FunctionType):
        r = specification(axis)
        if r:
            return True
        else:
            return False

    elif isinstance(specification, AbstractAxis):
        return (specification is axis)

    raise CDMSError("Specification not acceptable: " +
                    str(type(specification)) + ', ' + str(specification))



[docs]def concatenate(axes, id=None, attributes=None):
    """Concatenate multiple axes including boundaries.

    Parameters
    ----------
    axes : Axes to concatenate
    id : New axis identification (default None)
    attributes : Attributes to attached to the new Axis

    Returns
    -------
    Transient axis.
    """

    data = numpy.ma.concatenate([ax[:] for ax in axes])
    boundsArray = [ax.getBounds() for ax in axes]
    if any(elem is None for elem in boundsArray):
        bounds = None
    else:
        bounds = numpy.ma.concatenate(boundsArray)
    return TransientAxis(data, bounds=bounds, id=id, attributes=attributes)



[docs]def take(ax, indices):
    """Take elements form an array along an axis

    Parameters
    ----------
    ax : The source array.
    indices : The indices of the values to extract.

    Returns
    -------
    axis : TransientAxis
        The return array has the same type of ax.
    """

    # Bug in ma compatibility module
    data = numpy.ma.take(ax[:], indices)
    abounds = ax.getBounds()
    if abounds is not None:
        bounds = numpy.ma.take(abounds, indices, axis=0)
    else:
        bounds = None
    return TransientAxis(data, bounds=bounds, id=ax.id,
                         attributes=ax.attributes)
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  Source code for cdms2.bindex

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by
# Further modified to be pure new numpy June 24th 2008

"""Bin index for non-rectilinear grids"""

from . import _bindex
import numpy


[docs]def bindexHorizontalGrid(latlin, lonlin):
    """Create a bin index for a horizontal grid.

    Parameters
    ----------
    latlin : latlin is the raveled latitude values.
    latlon : lonlin is the raveled longitude values.

    Returns
    -------
    resulting index.
    """
    lonlin = numpy.mod(lonlin, 360)
    NI, NJ = _bindex.getLens()
    # This should match NBINI, NBINJ in bindex.c
    head = numpy.zeros(NI * NJ, dtype='l')
    next = numpy.zeros(len(latlin), dtype='l')
    _bindex.bindex(latlin, lonlin, head, next)

    return (head, next)



[docs]def intersectHorizontalGrid(latspecs, lonspecs, latlin, lonlin, index):
    """Intersect a horizontal grid with a lat-lon region.

    Parameters
    ----------
    latspecs : latitude specs as defined in the grid module.
    lonspecs : longitude specs as defined in the grid module.
    latlin : latlin is the raveled latitude array.
    lonlin : lonlin is the raveled longitude array.
    index : index is the bin index as returned from bindex.

    Returns
    -------
    an array of indices, in latlin/lonlin, of the points in the intersection.
    """
    points = numpy.zeros(len(latlin), dtype='l')
    if latspecs is None:
        slat = -90.0
        elat = 90.0
        latopt = 'cc'
    else:
        slat = latspecs[0]
        elat = latspecs[1]
        latopt = latspecs[2]

    if slat > elat:
        tmp = slat
        slat = elat
        elat = tmp

    # If the longitude range is >=360.0, just intersect with the full range.
    # Otherwise, the points array could overflow and generate a seg fault.
    if lonspecs is None or abs(lonspecs[1] - lonspecs[0]) >= 360.0:
        slon = 0.0
        elon = 360.0
        lonopt = 'co'
    else:
        slon = lonspecs[0]
        elon = lonspecs[1]
        lonopt = lonspecs[2]

    if slon > elon:
        tmp = slon
        slon = elon
        elon = tmp

    npoints = _bindex.intersect(
        slat,
        slon,
        elat,
        elon,
        latlin,
        lonlin,
        index[0],
        index[1],
        points,
        latopt,
        lonopt)

    return points[:npoints]
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  Source code for cdms2.cdmsNode

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by
# Further modified to be pure new numpy June 24th 2008

"""
CDMS node classes
"""
import numpy
from numpy import get_printoptions, set_printoptions, inf
from . import CDML
import cdtime
import re
import string
import sys
from .error import CDMSError
from six import string_types

# Regular expressions
# Note: allows digit as first character
_Name = re.compile('[a-zA-Z0-9_:][-a-zA-Z0-9._:]*$')
_Integer = re.compile('[0-9]+$')
_ArraySep = re.compile('[\[\],\s]+')
# " illegal chars in content
_Illegal = re.compile('([<>&\"\'])|([^\t\r\n -\176\240-\377])')

# Data types

CdChar = CDML.CdChar
CdByte = CDML.CdByte
CdShort = CDML.CdShort
CdInt = CDML.CdInt
CdUInt = CDML.CdUInt
CdLong = CDML.CdLong
CdLongLong = CDML.CdLongLong
CdInt64 = CDML.CdInt64
CdFloat = CDML.CdFloat
CdDouble = CDML.CdDouble
CdString = CDML.CdString
CdUByte = CDML.CdUByte
CdUShort = CDML.CdUShort
CdUInt64 = CDML.CdUInt64
CdULong = CDML.CdULong
CdULongLong = CDML.CdULongLong

CdFromObject = CDML.CdFromObject
CdAny = CDML.CdAny
CdDatatypes = [
    CdChar,
    CdByte,
    CdShort,
    CdInt,
    CdUInt,
    CdLong,
    CdInt64,
    CdFloat,
    CdDouble,
    CdString,
    CdUByte,
    CdUShort,
    CdUInt64,
    CdULong,
    CdULongLong]

CdScalar = CDML.CdScalar
CdArray = CDML.CdArray

NumericToCdType = {numpy.dtype(numpy.single).char: CdFloat,
                   numpy.dtype(numpy.double).char: CdDouble,
                   numpy.dtype(numpy.short).char: CdShort,
                   numpy.dtype(numpy.intc).char: CdInt,
                   numpy.dtype(numpy.uintc).char: CdUInt,
                   numpy.dtype(numpy.int64).char: CdInt64,
                   numpy.dtype(numpy.byte).char: CdByte,
                   numpy.dtype(numpy.longlong).char: CdLongLong,
                   'c': CdChar,
                   numpy.dtype(numpy.ubyte).char: CdUByte,
                   numpy.dtype(numpy.ushort).char: CdUShort,
                   numpy.dtype(numpy.uint64).char: CdUInt64,
                   numpy.dtype(numpy.ulonglong).char: CdULongLong,
                   'S': CdString
                   }

CdToNumericType = {CdChar: 'c',
                   CdByte: numpy.byte,
                   CdUByte: numpy.ubyte,
                   CdShort: numpy.short,
                   CdUShort: numpy.ushort,
                   CdInt: numpy.intc,
                   CdUInt: numpy.uintc,
                   CdLong: numpy.int_,
                   CdInt64: numpy.int64,
                   CdUInt64: numpy.uint64,
                   CdULongLong: numpy.ulonglong,
                   CdFloat: numpy.single,
                   CdDouble: numpy.double,
                   CdString: numpy.str_}

# Grid types
UnknownGridType = "unknown"
GaussianGridType = "gaussian"
UniformGridType = "uniform"
CdGridtypes = [UnknownGridType, GaussianGridType, UniformGridType]

DuplicateIdError = "Duplicate identifier: "
InvalidArgumentError = "Invalid argument: "
InvalidDatatype = "Invalid datatype: "
InvalidGridtype = "Invalid grid type: "
InvalidIdError = "Invalid identifier: "
NotMonotonic = "Result array is not monotonic "


[docs]class NotMonotonicError(CDMSError):
    pass



# Array representation
CdVector = 1
CdLinear = 2

# Monotonicity
CdNotMonotonic = 0
CdIncreasing = -1
CdDecreasing = 1
CdSingleton = 2

# Map illegal XML characters to entity references:
# '<' --> &lt;
# '>' --> &gt;
# '&' --> &amp;
# '"' --> &quot;
# "'" --> &apos;
# all other illegal characters are removed #"


[docs]def mapIllegalToEntity(matchobj):
    s = matchobj.group(0)
    if s == '<':
        return '&lt;'
    elif s == '>':
        return '&gt;'
    elif s == '&':
        return '&amp;'
    elif s == '"':  # "
        return '&quot;'
    elif s == "'":
        return '&apos;'
    else:
        return ""


# Named node


[docs]class CdmsNode:

    def __init__(self, tag, id=None, parent=None):
        if id and _Name.match(id) is None:
            raise CDMSError(InvalidIdError + id)
        # External attributes, attribute[name]=(value,cdDatatype)
        self.attribute = {}
        self.child = []                 # Children
        self.id = id                    # Identifier string
        self.parent = parent            # Parent node in a tree, None for root
        self.tag = tag                  # XML tag string
        self.content = None             # XML content string
        # CDML Document Type Definition for this tag
        self.dtd = CDML.CDML().dtd.get(self.tag)
        self.extra = CDML.CDML().extra.get(self.tag)  # Extra datatype constraints
        CdmsNode.mapToExternal(self)    # Don't call subclass mapToExternal!

    # Map to external attributes
[docs]    def mapToExternal(self):
        if self.id is not None and _Name.match(self.id) is None:
            raise CDMSError(InvalidIdError + self.id)
        if self.id is not None:
            self.setExternalAttr('id', self.id)


    # Set content from a string. The interpretation
    # of content is class-dependent
[docs]    def setContentFromString(self, content):
        self.content = content


    # Get content
[docs]    def getContent(self):
        return self.content


    # Add a child node
[docs]    def add(self, child):
        if child is not None:
            self.child.append(child)
            child.parent = self
        return child


    # Return a list of child nodes
[docs]    def children(self):
        return self.child


    # Get the child node at index k
[docs]    def getChildAt(self, index):
        return self.child[index]


    # Remove and return the child at index k
[docs]    def removeChildAt(self, index):
        child = self.child[index]
        self.child = self.child[:index] + self.child[index + 1:]
        return child


    # Get the number of children
[docs]    def getChildCount(self):
        return len(self.child)


    # Get the index of a node
[docs]    def getIndex(self, node):
        index = -1
        for i in range(len(self.child)):
            if node is self.child[i]:
                index = i
                break
        return index


    # Get the parent node
[docs]    def getParent(self):
        return self.parent


    # True iff node is a leaf node
[docs]    def isLeaf(self):
        return self.child == []


    # Set an external attribute
    # 'attr' is an Attr object
[docs]    def setExternalAttrFromAttr(self, attr):
        if attr.value is None:
            return
        self.attribute[attr.name] = (attr.value, attr.getDatatype())


    # Get an external attribute, as an Attr instance
[docs]    def getExternalAttrAsAttr(self, name):
        attrPair = self.attribute.get(name)
        if attrPair:
            (value, datatype) = attrPair
            attr = AttrNode(name, value)
            attr.datatype = datatype
            return attr
        else:
            return None


    # Set an external attribute
[docs]    def setExternalAttr(self, name, value, datatype=None):
        attr = AttrNode(name, value)
        attr.datatype = datatype
        self.setExternalAttrFromAttr(attr)


    # Get an external attribute
[docs]    def getExternalAttr(self, name):
        attrPair = self.attribute.get(name)
        if attrPair:
            (value, datatype) = attrPair
            return value
        else:
            return None


    # Get a dictionary of external attributes, of form (value,datatype)
[docs]    def getExternalDict(self):
        return self.attribute


    # Set the external attribute dictionary. The input dictionary
    # is of the form {name:value,...} where value is a string.
[docs]    def setExternalDict(self, dict):
        for key in list(dict.keys()):
            self.attribute[key] = (dict[key], CdString)


    # Write to a file, with formatting.
    # tablevel is the start number of tabs
[docs]    def write(self, fd=None, tablevel=0, format=1):
        if fd is None:
            fd = sys.stdout
        printLimit = get_printoptions()['threshold']
        # Ensure that all Numeric array values will be printed
        set_printoptions(threshold=inf)
        if self.dtd:
            validAttrs = list(self.dtd.keys())
        else:
            validAttrs = None

        if format:
            fd.write(tablevel * '\t')
        fd.write('<' + self.tag)
        if format:
            fd.write('\n')

        # Write valid attributes
        for attname in list(self.attribute.keys()):
            if (validAttrs and (attname in validAttrs)) or (not validAttrs):
                if format:
                    fd.write((tablevel + 1) * '\t')
                (attval, datatype) = self.attribute[attname]
                # attvalstr = string.replace(str(attval),'"',"'") # Map " to '
                attvalstr = _Illegal.sub(
                    mapIllegalToEntity,
                    str(attval))  # Map illegal chars to entities
                if format:
                    fd.write(attname + '\t="' + attvalstr + '"')
                else:
                    fd.write(' ' + attname + '="' + attvalstr + '"')
                if format:
                    fd.write('\n')
        if format:
            fd.write((tablevel + 1) * '\t')
        fd.write('>')
        if format:
            fd.write('\n')

        # Write extra attributes
        for attname in list(self.attribute.keys()):
            if validAttrs and (attname not in validAttrs):
                (attval, datatype) = self.attribute[attname]
                attr = AttrNode(attname, attval)
                attr.datatype = datatype
                attr.mapToExternal()
                attr.write(fd, tablevel + 1, format)

        # Write content
        content = self.getContent()
        if content is not None:
            content = _Illegal.sub(
                mapIllegalToEntity,
                content)  # Map illegal chars to entities
            if format:
                fd.write((tablevel + 1) * '\t')
            fd.write(content)
            if format:
                fd.write('\n')

        # Write children
        for node in self.child:
            node.write(fd, tablevel + 1, format)

        if format:
            fd.write((tablevel + 1) * '\t')
        fd.write('</' + self.tag + '>')
        if format:
            fd.write('\n')
        set_printoptions(threshold=printLimit)  # Restore original


    # Write to a file without formatting.
[docs]    def write_raw(self, fd=None):
        if fd is None:
            fd = sys.stdout
        self.write(fd, 0, 0)


    # Write an LDIF (LDAP interchange format) entry
    # parentdn is the parent LDAP distinguished name
    # userAttrs is a string or list of strings of form "attr: value"
    # A trailing newline is added iff format==1
    # Note: unlike write, this does not write children as well
[docs]    def write_ldif(self, parentdn, userAttrs=[], fd=None, format=1):
        if fd is None:
            fd = sys.stdout
        if self.dtd:
            validAttrs = list(self.dtd.keys())
        else:
            validAttrs = None

        # Write distinguished name
        newdn = "%s=%s,%s" % (self.tag, self.id, parentdn)
        fd.write("dn: %s\n" % newdn)

        # Write valid attributes
        for attname in list(self.attribute.keys()):
            if (validAttrs and (attname in validAttrs)) or (not validAttrs):
                (attval, datatype) = self.attribute[attname]
                # attvalstr = _Illegal.sub(mapIllegalToEntity,str(attval))  #
                # Map illegal chars to entities
                if isinstance(attval, string_types):
                    attval = repr(attval)
                attvalstr = string.strip(attval)
                # Make sure continuation lines are preceded with a space
                attvalstr = re.sub('\n', '\n ', attvalstr)
                if attvalstr == '':
                    attvalstr = "none"
                fd.write("%s: %s\n" % (attname, attvalstr))

        # Write extra attributes
        for attname in list(self.attribute.keys()):
            if validAttrs and (attname not in validAttrs):
                (attval, datatype) = self.attribute[attname]
                if isinstance(attval, string_types):
                    attval = repr(attval)
                # Make sure continuation lines are preceded with a space
                attval = re.sub('\n', '\n ', attval)
                fd.write("attr: %s=%s\n" % (attname, attval))

        # Write content
        # content = self.getContent()
        # if content is not None:
        #     content = _Illegal.sub(mapIllegalToEntity,content)  # Map illegal chars to entities
        #     fd.write("value: %s"%(content,))

        # Write user attributes
        if isinstance(userAttrs, string_types):
            newAttrs = [userAttrs]
        else:
            newAttrs = userAttrs
        for entry in list(newAttrs):
            fd.write("%s\n" % entry)

        # Write classes
        fd.write("objectclass: top\n")
        fd.write("objectclass: %s\n" % (self.tag))

        if format == 1:
            fd.write('\n')

        return newdn


    # Validate attributes
[docs]    def validate(self, idtable=None):

        # Check validity of enumerated values and references
        validKeys = list(self.dtd.keys())
        for attname in list(self.attribute.keys()):
            if attname in validKeys:
                (atttype, default) = self.dtd[attname]
                if isinstance(atttype, tuple):
                    attval = self.getExternalAttr(attname)
                    assert attval in atttype, 'Invalid attribute %s=%s must be in %s' % (
                        attname, attval, repr(atttype))
                elif atttype == CDML.Idref:
                    attval = self.getExternalAttr(attname)
                    if idtable:
                        if attval not in idtable:
                            print(
                                'Warning: ID reference not found: %s=%s' %
                                (attname, attval))

        # Validate children
        for node in self.children():
            node.validate(idtable)



# Container object for other CDMS objects


[docs]class DatasetNode(CdmsNode):

    def __init__(self, id):
        CdmsNode.__init__(self, "dataset", id)
        self.idtable = {}

    # Validate the dataset and all child nodes
[docs]    def validate(self, idtable=None):
        if not idtable:
            idtable = self.idtable
        CdmsNode.validate(self, idtable)


    # Add a child node with an ID
[docs]    def addId(self, id, child):
        if id in self.idtable:
            raise CDMSError(DuplicateIdError + id)
        CdmsNode.add(self, child)
        self.idtable[id] = child
        return child


    # Get a child node from its ID
[docs]    def getChildNamed(self, id):
        return self.idtable.get(id)


    # Get the ID table
[docs]    def getIdDict(self):
        return self.idtable


    # Dump to a CDML file.
    # path is the file to dump to, or None for standard output.
    # if format is true, write with tab, newline formatting
[docs]    def dump(self, path=None, format=1):
        if path:
            try:
                fd = open(path, 'w')
            except IOError:
                raise IOError('%s: %s' % (sys.exc_info()[1], path))
        else:
            fd = sys.stdout
        fd.write('<?xml version="1.0"?>')
        if format:
            fd.write('\n')
        fd.write(
            '<!DOCTYPE dataset SYSTEM "http://www-pcmdi.llnl.gov/software/cdms/cdml.dtd">')
        if format:
            fd.write('\n')
        self.write(fd, 0, format)
        if fd != sys.stdout:
            fd.close()



# Spatio-temporal variable
# Two ways to create a variable:
# (1) var = VariableNode(id,datatype,domain)
# (2) var = VariableNode(id,datatype)
#     var.setDomain(domain)


[docs]class VariableNode(CdmsNode):

    # Create a variable.
    # If validate is true, validate immediately
    def __init__(self, id, datatype, domain):
        assert isinstance(
            datatype, string_types), 'Invalid datatype: ' + repr(datatype)
        assert datatype in CdDatatypes, 'Invalid datatype: ' + repr(datatype)
        assert datatype in CdDatatypes, 'Invalid datatype: ' + repr(datatype)
        CdmsNode.__init__(self, "variable", id)
        self.datatype = datatype
        self.setDomain(domain)
        VariableNode.mapToExternal(self)

    # Set the domain
[docs]    def setDomain(self, domain):
        if not self.isLeaf():
            self.removeChildAt(0)
        self.add(domain)


    # Get the domain
[docs]    def getDomain(self):
        if self.getChildCount() > 0:
            return self.getChildAt(0)
        else:
            return None


    # Map to external attributes
[docs]    def mapToExternal(self):
        self.setExternalAttr('datatype', self.datatype)



# Coordinate axis


[docs]class AxisNode(CdmsNode):

    # If datatype is None, assume values [0,1,..,length-1]
    # data is a numpy array, if specified
    def __init__(self, id, length, datatype=CdLong, data=None):
        assert isinstance(length, int), 'Invalid length: ' + repr(length)
        assert isinstance(
            datatype, string_types), 'Invalid datatype: ' + repr(datatype)
        assert datatype in CdDatatypes, 'Invalid datatype: ' + repr(datatype)
        if data is not None:
            assert isinstance(
                data, numpy.ndarray), 'data must be a 1-D Numeric array'
        CdmsNode.__init__(self, "axis", id)
        self.datatype = datatype
        self.data = data
        # data representation is CdLinear or CdVector
        # If vector, self.data is a numpy array
        #   and the content is the array string representation
        # If linear, the linear node is a child node
        #   and the content is empty
        self.dataRepresent = None
        # An array of integer indices, shape (2,self.length) if defined
        self.partition = None
        # Actual number of data values, for a linear, partitioned axis
        self.partition_length = 0
        if data is not None:
            self.setData(data)
        else:
            self.length = length
        AxisNode.mapToExternal(self)

    # Map to external attributes
[docs]    def mapToExternal(self):
        self.setExternalAttr('datatype', self.datatype)
        self.setExternalAttr('length', self.length)


    # Set data from content string
    # The content of an axis is the data array.
[docs]    def setContentFromString(self, datastring):
        datatype = self.datatype
        numericType = CdToNumericType.get(datatype)
        if numericType is None:
            raise CDMSError(InvalidDatatype + datatype)
        stringlist = _ArraySep.split(datastring)
        numlist = []
        for numstring in stringlist:
            if numstring == '':
                continue
            numlist.append(float(numstring))
        if len(numlist) > 0:
            # NB! len(zero-length array) causes IndexError on Linux!
            dataArray = numpy.array(numlist, numericType)
            self.data = dataArray
            self.length = len(self.data)


    # Set the partition from a string. This does not
    # set the external string representation
[docs]    def setPartitionFromString(self, partstring):
        stringlist = _ArraySep.split(partstring)
        numlist = []
        for numstring in stringlist:
            if numstring == '':
                continue
            numlist.append(int(numstring))
        dataArray = numpy.array(numlist, numpy.int)
        if len(dataArray) > 0:
            self.partition = dataArray


    # Get the content string: the data values if the representation
    # is as a vector, or ane empty string otherwise
[docs]    def getContent(self):
        if self.data is None or self.dataRepresent == CdLinear:
            return ''
        else:
            return str(self.data)


    # Set the data as an array, check for monotonicity
[docs]    def setData(self, data):

        # If this axis is currently linear, remove the linear node
        if self.dataRepresent == CdLinear:
            index = self.getIndex(self.data)
            self.removeChildAt(index)
        self.data = data
        self.dataRepresent = CdVector
        self.length = len(data)
        self.setExternalAttr('length', self.length)
        if self.monotonicity() == CdNotMonotonic:
            raise NotMonotonicError(NotMonotonic)


    # Get the data as an array
[docs]    def getData(self):
        if self.dataRepresent == CdLinear:
            return self.data.toVector(self.datatype)
        else:
            return self.data


    # Set the data as a linear vector
    # If the partition is set, derive the vector length from it
[docs]    def setLinearData(self, linearNode, partition=None):
        self.data = linearNode
        if self.getChildCount() > 0:
            self.removeChildAt(0)           # Remove the previous linear node
        self.add(linearNode)
        self.dataRepresent = CdLinear
        # self.length = linearNode.getExternalAttr('length')
        if partition is None:
            self.length = linearNode.length
        else:
            self.partition = partition
            self.length = partition[-1]
            linearNode.length = self.length
            self.setExternalAttr('partition', str(self.partition))
        self.setExternalAttr('length', self.length)


    # Test if axis data vectors are equal
[docs]    def equal(self, axis):
        # Require that partitions (if any) are equal
        if self.partition is not None and axis.partition is not None:
            if len(self.partition) != len(axis.partition):
                return 0
            if not numpy.alltrue(numpy.equal(self.partition, axis.partition)):
                return 0
        elif self.partition is not None or axis.partition is not None:
            return 0

        if self.dataRepresent == axis.dataRepresent == CdVector:
            try:
                return numpy.alltrue(numpy.equal(self.data, axis.data))
            except ValueError:
                return 0
        elif self.dataRepresent == axis.dataRepresent == CdLinear:
            return self.data.equal(axis.data)
        elif self.dataRepresent == CdVector:
            return axis.data.equalVector(self.data)
        else:
            return self.data.equalVector(axis.data)


    # Test if axis data vectors are element-wise close
    # True iff for each respective element a and b, abs((b-a)/b)<=eps
[docs]    def isClose(self, axis, eps):
        if eps == 0:
            return self.equal(axis)
        if self.dataRepresent == axis.dataRepresent == CdVector:
            try:
                return numpy.alltrue(numpy.less_equal(numpy.absolute(
                    self.data - axis.data), numpy.absolute(eps * self.data)))
            except ValueError:
                return 0
        elif self.dataRepresent == axis.dataRepresent == CdLinear:
            return self.data.isClose(axis.data, eps)
        elif self.dataRepresent == CdVector:
            return axis.data.isCloseVector(self.data, eps)
        else:
            return self.data.isCloseVector(axis.data, eps)


    # Test for strict monotonicity.
    # Returns CdNotMonotonic, CdIncreasing, CdDecreasing, or CdSingleton
[docs]    def monotonicity(self):
        if self.dataRepresent == CdLinear:
            return self.data.monotonicity()
        elif self.length == 1:
            return CdSingleton
        else:
            first = self.data[:-1]
            second = self.data[1:]
            if numpy.alltrue(numpy.less(first, second)):
                return CdIncreasing
            elif numpy.alltrue(numpy.greater(first, second)):
                return CdDecreasing
            else:
                return CdNotMonotonic


    # Extend axes. 'isreltime' is true iff
    # the axes are relative time axes
    # If allowgaps is true, allow gaps when extending linear vectors
[docs]    def extend(self, axis, isreltime=0, allowgaps=0):
        # Set trylin true if should try to catenate linear vectors
        if self.dataRepresent == CdLinear:
            anode = self.data
            if axis.dataRepresent == CdLinear:
                bnode = axis.data
                trylin = 1
            elif axis.length == 1:
                bnode = LinearDataNode(axis.data[0], 0.0, 1)
                trylin = 1
            else:
                trylin = 0
        elif self.length == 1:
            anode = LinearDataNode(self.data[0], 0.0, 1)
            if axis.dataRepresent == CdLinear:
                bnode = axis.data
                trylin = 1
            elif axis.length == 1:
                bnode = LinearDataNode(axis.data[0], 0.0, 1)
                trylin = 1
            else:
                trylin = 0
        else:
            trylin = 0

        if isreltime == 1:
            units1 = self.getExternalAttr('units')
            units2 = axis.getExternalAttr('units')
        else:
            units1 = units2 = None

        if trylin == 1:
            try:
                aindex = 0
                alength = anode.length
                bindex = alength
                blength = bnode.length
                if isreltime == 1 and units1 and units2 and units1 != units2:
                    rtime = cdtime.reltime(bnode.start, units2)
                    offset = rtime.torel(units1).value
                    bnode.start = bnode.start + offset
                else:
                    offset = None
                linNode = anode.concatenate(bnode, allowgaps)
            except NotMonotonicError:
                # The dimensions cannot be extended as linear arrays,
                # so try to extend them as vectors
                pass
            else:
                # Extend the partition attribute
                if offset is not None:
                    bindex = int(offset / linNode.delta + 0.5)
                if self.partition is None:
                    partition = numpy.array(
                        [aindex, aindex + alength, bindex, bindex + blength])
                    self.partition_length = alength + blength
                else:
                    partition = numpy.concatenate(
                        (self.partition, [bindex, bindex + blength]))
                    self.partition_length = self.partition_length + blength
                self.setLinearData(linNode, partition)
                self.setExternalAttr('partition_length', self.partition_length)
                return self

        # Else get both axis vectors, concatenate
        # and check that the result is monotonic
        ar1 = self.getData()
        ar2 = axis.getData()
        aindex = 0
        alength = len(ar1)
        bindex = alength
        blength = len(ar2)

        # Adjust array2 if relative time and units differ
        if isreltime == 1:
            if units1 and units2 and units1 != units2:
                rtime = cdtime.reltime(0.0, units2)
                delta = rtime.torel(units1).value
                ar2 = ar2 + delta

        ar = numpy.concatenate((ar1, ar2))
        try:
            self.setData(ar)
        except NotMonotonicError:
            # Restore original array and resignal
            self.setData(ar1)
            raise NotMonotonicError(NotMonotonic + repr(ar))

        # Extend the partition attribute
        if self.partition is None:
            self.partition = numpy.array(
                [aindex, aindex + alength, bindex, bindex + blength])
            self.partition_length = alength + blength
        else:
            self.partition = numpy.concatenate(
                (self.partition, [bindex, bindex + blength]))
            self.partition_length = self.partition_length + blength
        self.setExternalAttr('partition', str(self.partition))
        self.setExternalAttr('partition_length', self.partition_length)

        return self


    def __len__(self):
        return len(self.data)


# Linear data element


[docs]class LinearDataNode(CdmsNode):

    validStartTypes = [
        int, float, type(
            cdtime.comptime(0)), type(
            cdtime.reltime(
                0, "hours"))]
    validDeltaTypes = [int, float, list]

    def __init__(self, start, delta, length):
        assert isinstance(start, numpy.floating) or isinstance(start, numpy.integer) or (
            type(start) in self.validStartTypes), 'Invalid start argument: ' + repr(start)
        assert isinstance(start, numpy.floating) or isinstance(start, numpy.integer) or (
            type(delta) in self.validDeltaTypes), 'Invalid delta argument: ' + repr(delta)
        assert isinstance(
            length, int), 'Invalid length argument: ' + repr(length)
        CdmsNode.__init__(self, "linear")
        self.delta = delta
        self.length = length
        self.start = start
        LinearDataNode.mapToExternal(self)

    # Get an indexed value
    def __getitem__(self, index):
        return self.start + index * self.delta

    # Map to external attributes
[docs]    def mapToExternal(self):
        self.setExternalAttr("start", self.start)
        self.setExternalAttr("delta", self.delta)
        self.setExternalAttr("length", self.length)


    # Equality of linear vectors
[docs]    def equal(self, axis):
        return self.delta == axis.delta and self.length == axis.length and self.start == axis.start


    # Closeness of linear vectors
[docs]    def isClose(self, axis, eps):
        if eps == 0:
            return self.equal(axis)
        else:
            return self.delta == axis.delta and self.length == axis.length and abs(
                self.start - axis.start) <= abs(eps * self.start)


    # Equality of linear vector and array
[docs]    def equalVector(self, ar):
        diff = ar[1:] - ar[:-1]
        try:
            comp = numpy.alltrue(
                numpy.equal(
                    (self.delta) *
                    numpy.ones(
                        self.length -
                        1),
                    diff))
        except ValueError:
            return 0
        return comp


    # Closeness of linear vector and array
[docs]    def isCloseVector(self, ar, eps):
        if eps == 0:
            return self.equalVector(ar)
        diff = ar[1:] - ar[:-1]
        diff2 = self.delta * numpy.ones(self.length - 1)
        try:
            comp = numpy.alltrue(
                numpy.less_equal(
                    numpy.absolute(
                        diff2 - diff),
                    numpy.absolute(
                        eps * diff2)))
        except ValueError:
            return 0
        return comp


    # Return monotonicity: CdNotMonotonic, CdIncreasing, CdDecreasing, or
    # CdSingleton
[docs]    def monotonicity(self):
        if self.length == 1:
            return CdSingleton
        elif self.delta > 0.0:
            return CdIncreasing
        elif self.delta < 0.0:
            return CdDecreasing
        else:
            return CdNotMonotonic


    # Return a vector representation, given a CDMS datatype
[docs]    def toVector(self, datatype):
        numericType = CdToNumericType.get(datatype)
        if numericType is None:
            raise CDMSError(InvalidDatatype + datatype)
        start = self.start
        delta = self.delta
        length = self.length
        if length > 1:
            stop = start + (length - 0.99) * delta
            if delta == 0.0:
                delta = 1.0
            ar = numpy.arange(start, stop, delta, numericType)
        else:
            ar = numpy.array([start], numericType)
        return ar


    # Concatenate linear arrays, preserving linearity
    # If allowgaps is set, don't require that the linear arrays be contiguous
    # Return a new linear node
[docs]    def concatenate(self, linearNode, allowgaps=0):
        if self.length > 1 and linearNode.length > 1 and self.delta != linearNode.delta:
            raise NotMonotonicError(NotMonotonic +
                                    'linear vector deltas do not match: %s,%s' %
                                    (repr(self.delta), repr(linearNode.delta)))

        if self.length > 1:
            delta = self.delta
        elif linearNode.length > 1:
            delta = linearNode.delta
        else:
            delta = linearNode.start - self.start
        if allowgaps == 0:
            if linearNode.start - self.start != self.length * delta:
                raise NotMonotonicError(
                    NotMonotonic + 'linear vectors are not contiguous')
        length = self.length + linearNode.length
        return LinearDataNode(self.start, delta, length)


    def __len__(self):
        return self.length


# Rectilinear lat-lon grid


[docs]class RectGridNode(CdmsNode):

    # Create a grid
    # All arguments are strings
    def __init__(self, id, latitude, longitude,
                 gridtype=UnknownGridType, order="yx", mask=None):
        CdmsNode.__init__(self, "rectGrid", id)
        self.latitude = latitude
        self.longitude = longitude
        self.gridtype = gridtype
        self.mask = mask
        self.order = order
        RectGridNode.mapToExternal(self)

    # Map to external attributes
[docs]    def mapToExternal(self):
        self.setExternalAttr('type', self.gridtype)
        self.setExternalAttr('latitude', self.latitude)
        self.setExternalAttr('longitude', self.longitude)
        self.setExternalAttr('order', self.order)
        if self.mask is not None:
            self.setExternalAttr('mask', self.mask)



# Link to an external element


[docs]class XLinkNode(CdmsNode):

    def __init__(self, id, uri, contentRole, content=''):
        CdmsNode.__init__(self, "xlink", id)
        self.uri = uri
        self.contentRole = contentRole
        self.content = content
        XLinkNode.mapToExternal(self)

    # Map to external attributes
[docs]    def mapToExternal(self):
        self.setExternalAttr("href", self.uri, CdString)
        self.setExternalAttr("content-role", self.contentRole, CdString)



# Link to a document


[docs]class DocLinkNode(CdmsNode):

    def __init__(self, uri, content=''):
        CdmsNode.__init__(self, "doclink")
        self.uri = uri
        self.content = content
        DocLinkNode.mapToExternal(self)

    # Map to external attributes
[docs]    def mapToExternal(self):
        self.setExternalAttr("href", self.uri, CdString)



# Domain


[docs]class DomainNode(CdmsNode):

    def __init__(self):
        CdmsNode.__init__(self, "domain")


# Domain element


[docs]class DomElemNode(CdmsNode):

    def __init__(self, name, start=None, length=None):
        CdmsNode.__init__(self, "domElem")
        self.name = name
        self.start = start
        self.length = length
        DomElemNode.mapToExternal(self)

    # Map to external attributes
[docs]    def mapToExternal(self):
        self.setExternalAttr('name', self.name)
        if self.start is not None:
            self.setExternalAttr('start', self.start)
        if self.length is not None:
            self.setExternalAttr('length', self.length)


    # Set the name
[docs]    def setName(self, name):
        self.name = name
        self.setExternalAttr('name', self.name)


    # Get the name
[docs]    def getName(self):
        return self.name


    # Write to a file, with formatting.
    # tablevel is the start number of tabs
[docs]    def write(self, fd=None, tablevel=0, format=1):
        if fd is None:
            fd = sys.stdout
        if format:
            fd.write(tablevel * '\t')
        fd.write('<' + self.tag)
        for attname in list(self.attribute.keys()):
            (attval, datatype) = self.attribute[attname]
            # attvalstr = string.replace(str(attval),'"',"'") # Map " to '
            attvalstr = _Illegal.sub(
                mapIllegalToEntity,
                str(attval))  # Map illegal chars to entities
            fd.write(' ' + attname + '="' + attvalstr + '"')
        fd.write('/>')
        if format:
            fd.write('\n')



# Attribute node - only used as a placeholder during parse and write
#   Attr nodes are not placed on the tree
#
# Two ways to create an Attr object:
# (1) attr = AttrNode(name,value)
#     datatype = sometype # optionally, to override intrinsic type
# (2) attr = AttrNode(name,None)
#     attr.setValueFromString(somestring,sometype)


[docs]class AttrNode(CdmsNode):

    def __init__(self, name, value=None):
        CdmsNode.__init__(self, "attr")
        if not (isinstance(value, int) or
                isinstance(value, numpy.integer) or
                isinstance(value, float) or
                isinstance(value, numpy.floating) or
                isinstance(value, string_types) or
                isinstance(value, type(None))):
            raise CDMSError('Invalid attribute type: ' + repr(value))
        self.name = name
        self.value = value
        self.datatype = None            # CDMS datatype, use getDatatype to retrieve
        self.content = ''             # string content

    # Note: mapToExternal is not called at init time, must be called explicitly
    #   if needed
[docs]    def mapToExternal(self):
        self.attribute['name'] = (self.name, CdString)
        self.attribute['datatype'] = (self.getDatatype(), CdString)
        self.content = self.getValueAsString()


[docs]    def getDatatype(self):
        if self.datatype:
            return self.datatype
        elif isinstance(self.value, string_types):
            return CdString
        elif isinstance(self.value, float) or isinstance(self.value, numpy.floating):
            return CdDouble
        elif isinstance(self.value, int) or isinstance(self.value, numpy.integer):
            return CdLong
        else:
            raise CDMSError('Invalid attribute type: ' + repr(self.value))


[docs]    def getLength(self):
        return 1


    # Map a string of a given datatype to a value
    #   Returns ValueError if the conversion fails
[docs]    def setValueFromString(self, valString, datatype):
        val = None
        if not isinstance(valString, string_types):
            raise CDMSError('input value is not a string')
        if datatype == CdString:
            val = valString
        elif datatype in (CdShort, CdInt, CdLong):
            try:
                val = int(valString)
            except ValueError:
                raise CDMSError('value is not an integer: ' + valString)
        elif datatype in (CdFloat, CdDouble):
            try:
                val = float(valString)
            except ValueError:
                raise CDMSError('value is not floating-point: ' + valString)
        self.value = val
        self.datatype = datatype
        return val


[docs]    def getValueAsString(self):
        return str(self.value)


    # Set content
    # This may be called multiple times, so append
[docs]    def setContentFromString(self, content):
        self.content = self.content + content


    # Write to a file, with formatting.
    # tablevel is the start number of tabs
[docs]    def write(self, fd=None, tablevel=0, format=1):
        if fd is None:
            fd = sys.stdout
        if self.dtd:
            validAttrs = list(self.dtd.keys())
        else:
            validAttrs = None

        if format:
            fd.write(tablevel * '\t')
        fd.write('<' + self.tag)

        # Write valid attributes
        for attname in list(self.attribute.keys()):
            if (validAttrs and (attname in validAttrs)) or (not validAttrs):
                (attval, datatype) = self.attribute[attname]
                # attvalstr = string.replace(str(attval),'"',"'") # Map " to '
                attvalstr = _Illegal.sub(
                    mapIllegalToEntity,
                    str(attval))  # Map illegal chars to entities
                fd.write(' ' + attname + '="' + attvalstr + '"')
        fd.write('>')

        # Write content
        if self.content is not None:
            content = _Illegal.sub(
                mapIllegalToEntity,
                self.content)  # Map illegal chars to entities
            fd.write(content)

        fd.write('</' + self.tag + '>')
        if format:
            fd.write('\n')




if __name__ == '__main__':
    # a = numpy.array([0.,4.,8.,12.,16.,20.,24.,28.])
    # b = numpy.array([0.,4.,8.,12.,16.,20.,24.,28.])
    # c = numpy.array([0.,4.,8.,12.,16.,20.,24.,28.,32.])
    # aAxis = AxisNode('a',len(a),CdDouble,a)
    # bAxis = AxisNode('b',len(b),CdDouble,b)
    # cAxis = AxisNode('c',len(c),CdDouble,c)

    # d = LinearDataNode(0.,4.,8)
    # e = LinearDataNode(0.,4.,8)
    # f = LinearDataNode(0.,4.,9)
    # dAxis = AxisNode('d',8); dAxis.setLinearData(d)
    # eAxis = AxisNode('e',8); eAxis.setLinearData(e)
    # fAxis = AxisNode('f',9); fAxis.setLinearData(f)

    # print aAxis.equal(bAxis)
    # print aAxis.equal(cAxis)
    # print aAxis.equal(dAxis)
    # print aAxis.equal(fAxis)
    # print dAxis.equal(eAxis)
    # print dAxis.equal(fAxis)

    # g = numpy.array([0.,4.,8.,12.,16.,20.,24.,20.])
    # h = numpy.array([ 28.,  24.,  20.,  16.,  12.,   8.,   4.,   0.])
    # j = LinearDataNode(0.,-4.,8)
    # k = numpy.array([4.])
    # gAxis = AxisNode('g',len(g),CdDouble,g)
    # hAxis = AxisNode('h',len(h),CdDouble,h)
    # jAxis = AxisNode('j',len(j),CdDouble); jAxis.setLinearData(j)
    # kAxis = AxisNode('k',len(k),CdDouble,k)

    # print aAxis.monotonicity()
    # print hAxis.monotonicity()
    # print kAxis.monotonicity()
    # print gAxis.monotonicity()
    # print dAxis.monotonicity()
    # print jAxis.monotonicity()

    m = LinearDataNode(1, 2, 3)
    n = LinearDataNode(11, 2, 3)
    p = LinearDataNode(15, -4, 3)
    q = numpy.array([4., 2., 1.])
    r = numpy.array([11., 9., 8.])
    s = numpy.array([7.])
    t = numpy.array([9.])
    v = numpy.array([5.])

    mAxis = AxisNode('m', len(m), CdLong)
    mAxis.setLinearData(m)
    nAxis = AxisNode('n', len(n), CdLong)
    nAxis.setLinearData(n)
    pAxis = AxisNode('p', len(p), CdLong)
    pAxis.setLinearData(p)
    qAxis = AxisNode('q', len(q), CdDouble, q)
    rAxis = AxisNode('r', len(r), CdDouble, r)
    sAxis = AxisNode('s', len(s), CdDouble, s)
    tAxis = AxisNode('t', len(t), CdDouble, t)
    vAxis = AxisNode('v', len(v), CdDouble, v)

    def printType(axis):
        if axis.dataRepresent == CdLinear:
            print('linear')
        else:
            print('vector')

    def testit(a, b):
        import copy
        x = copy.copy(a)
        print(x.extend(b).getData())
        printType(x)

    # testit(mAxis,nAxis)
    # testit(mAxis,pAxis)
    # testit(qAxis,nAxis)
    # testit(qAxis,rAxis)
    # testit(mAxis,sAxis)
    # testit(mAxis,tAxis)
    # testit(sAxis,tAxis)
    # testit(mAxis,rAxis)
    # testit(vAxis,nAxis)
    # testit(sAxis,rAxis)

    # Errors:
    # testit(mAxis,nAxis)
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  Source code for cdms2.cdmsURLopener

"""Overrides urllib error handling"""
# Import this AFTER urllib

import urllib.request
import urllib.parse
import urllib.error


[docs]class CDMSURLopener(urllib.request.FancyURLopener):

    # Override FancyURLopener error handling - raise an exception
    # Can also define function http_error_DDD where DDD is the 3-digit error code,
    # to handle specific errors.
[docs]    def http_error_default(self, url, fp, errcode, errmsg, headers):
        fp.read()
        fp.close()
        raise IOError('http error', errcode, errmsg, headers)




urllib.request._urlopener = CDMSURLopener()
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  Source code for cdms2.cdmsobj

"""
CDMS module-level functions and definitions
"""

from . import cdmsNode
import cdtime
import glob
import os
import re
import string
import sys
# import types
# import internattr

# Data types

CdChar = cdmsNode.CdChar
CdByte = cdmsNode.CdByte
CdShort = cdmsNode.CdShort
CdInt = cdmsNode.CdInt
CdLong = cdmsNode.CdLong
CdInt64 = cdmsNode.CdInt64
CdFloat = cdmsNode.CdFloat
CdDouble = cdmsNode.CdDouble
CdString = cdmsNode.CdString
CdFromObject = cdmsNode.CdFromObject
CdScalar = cdmsNode.CdScalar
CdArray = cdmsNode.CdArray

Unlimited = 1                           # Unlimited axis designator

Max32int = 2**31 - 1                      # Maximum 32-bit integer

# Regular expressions for each template specifier
_Daynum = '[0-3][0-9]'
_Hour = '[0-5][0-9]'
_Level = '[0-9]{1,4}'
_Minute = '[0-5][0-9]'
_Month = 'jan|feb|mar|apr|may|jun|jul|aug|sep|oct|nov|dec'
_Monthnum = '[0-1]?[0-9]'
_Monthupper = 'JAN|FEB|MAR|APR|MAY|JUN|JUL|AUG|SEP|OCT|NOV|DEC'
_Name = '[a-zA-Z_:][-a-zA-Z0-9_:]*'
_Percent = '%'
_Second = '[0-5][0-9]'
_Year2 = '[0-9][0-9]'
_Year4 = '[0-9]{4,4}'
_Zulu = _Hour + '[z|Z]' + _Year4 + _Monthnum + _Daynum

# Positions for time lists
_yr = 0
_mo = 1
_dy = 2
_hr = 3
_mi = 4
_se = 5

# Positions for dimension type lists
_var = 0
_time = 1
_etime = 2
_level = 3
_elevel = 4

# Map template specifier to (regex,name,dimensionType,position)
#   name is used as a unique regex group id
#   dimensionType is one of ('var','time','etime','level','elevel')
#   position is an index into a time tuple, or None if not applicable
_specifierMap = {
    '%%': (_Percent, 'percent', None, None),
    '%G': (_Monthupper, 'monthupper', 'time', _mo),
    '%H': (_Hour, 'hour', 'time', _hr),
    '%L': (_Level, 'level', 'level', None),
    '%M': (_Minute, 'minute', 'time', _mi),
    '%S': (_Second, 'second', 'time', _se),
    '%Y': (_Year4, 'year4', 'time', _yr),
    '%d': (_Daynum, 'day', 'time', _dy),
    '%eG': (_Monthupper, 'emonthupper', 'etime', _mo),
    '%eH': (_Hour, 'ehour', 'etime', _hr),
    '%eL': (_Level, 'elevel', 'elevel', None),
    '%eM': (_Minute, 'eminute', 'etime', _mi),
    '%eS': (_Second, 'esecond', 'etime', _se),
    '%eY': (_Year4, 'eyear4', 'etime', _yr),
    '%ed': (_Daynum, 'eday', 'etime', _dy),
    '%ef': (_Daynum, 'eday', 'etime', _dy),
    '%eg': (_Month, 'emonth', 'etime', _mo),
    '%eh': (_Hour, 'ehour2', 'etime', _hr),
    '%em': (_Monthnum, 'emonthnum', 'etime', _mo),
    '%en': (_Monthnum, 'emonthnum', 'etime', _mo),
    '%ey': (_Year2, 'eyear2', 'etime', _yr),
    '%ez': (_Zulu, 'ezulu', 'etime', None),
    '%f': (_Daynum, 'day', 'time', _dy),
    '%g': (_Month, 'month', 'time', _mo),
    '%h': (_Hour, 'hour2', 'time', _hr),
    '%m': (_Monthnum, 'monthnum', 'time', _mo),
    '%n': (_Monthnum, 'monthnum', 'time', _mo),
    '%v': (_Name, 'name', 'var', None),
    '%y': (_Year2, 'year2', 'time', _yr),
    '%z': (_Zulu, 'zulu', 'time', None),
}

_monthListUpper = [
    'JAN',
    'FEB',
    'MAR',
    'APR',
    'MAY',
    'JUN',
    'JUL',
    'AUG',
    'SEP',
    'OCT',
    'NOV',
    'DEC']
_monthMapUpper = {
    'JAN': 1,
    'FEB': 2,
    'MAR': 3,
    'APR': 4,
    'MAY': 5,
    'JUN': 6,
    'JUL': 7,
    'AUG': 8,
    'SEP': 9,
    'OCT': 10,
    'NOV': 11,
    'DEC': 12,
}

_monthListLower = [
    'jan',
    'feb',
    'mar',
    'apr',
    'may',
    'jun',
    'jul',
    'aug',
    'sep',
    'oct',
    'nov',
    'dec']
_monthMapLower = {
    'jan': 1,
    'feb': 2,
    'mar': 3,
    'apr': 4,
    'may': 5,
    'jun': 6,
    'jul': 7,
    'aug': 8,
    'sep': 9,
    'oct': 10,
    'nov': 11,
    'dec': 12,
}

_specre = re.compile(
    '(%%|%G|%H|%L|%M|%S|%Y|%d|%eG|%eH|%eL|%eM|%eS|%eY|%ed|%ef|%eg|%eh|%em|%en|%ey|%ez|%f|%g|%h|%m|%n|%v|%y|%z)')
_filere = re.compile('[^' + os.sep + ']+')

_debug = 0                              # Print debug info

AbsoluteTemplate = "Template must be a relative path: "

# Module-level functions

# Set debug mode, to 'on' or 'off'


[docs]def setDebugMode(mode):
    global _debug
    if mode == 'on':
        _debug = 1
    elif mode == 'off':
        _debug = 0


# Map a template to a regular expression
# Returns (regex,dimtypes), where regex is the regular expression
# corresponding to template, and dimtypes is a dictionary
# such that dimtypes[dimtype] = specStrings
# where specStrings is the specifier associated with the dimension type,
# or for time, the list of specifiers in the order (yr,mo,dy,hr,mi,se)
# where each element is the specifier for that time element


[docs]def templateToRegex(template):

    matchspec = {}
    dimtypes = {'var': None,
                'time': [None, None, None, None, None, None],
                'etime': [None, None, None, None, None, None],
                'level': None,
                'elevel': None,
                }

    # Map spec to regex
    # (The default arg bring matchspec and dimtypes into the local scope)
    def retspec(matchobj, matchspec=matchspec, dimtypes=dimtypes):
        spec = matchobj.group(0)
        pat, name, dimtype, pos = _specifierMap[spec]

        if dimtype == 'var':
            dimtypes['var'] = spec
        elif dimtype in ('time', 'etime'):
            if pos is not None:
                dimtypes[dimtype][pos] = spec
            elif name in ('zulu', 'ezulu'):
                pass  # Crack Zulu time
        elif dimtype in ('level', 'elevel'):
            dimtypes[dimtype] = spec

        if spec in matchspec:
            return '(?P=' + name + ')'
        else:
            matchspec[spec] = 1
            return '(?P<' + name + '>' + pat + ')'

    templatere = _specre.sub(retspec, template)
    return (templatere, dimtypes)



[docs]def retglob(matchobj):
    return '*'


# Generate a component time from a matchobj and list of specs


[docs]def generateTime(matchobj, timespecs):
    iyr = 0
    imo = 1
    idy = 1
    ihr = 0
    imi = 0
    ise = 0
    yrspec, mospec, dyspec, hrspec, mispec, sespec = timespecs
    if yrspec:
        pat, name, dimtype, pos = _specifierMap[yrspec]
        yrstr = matchobj.group(name)
        iyr = int(yrstr)

        # Map 2-digit year to [1950,2049)
        if yrspec in ('%y', '%ey'):
            if iyr < 50:
                iyr = iyr + 2000
            else:
                iyr = iyr + 1900
    if mospec:
        pat, name, dimtype, pos = _specifierMap[mospec]
        mostr = matchobj.group(name)
        if mospec in ('%G', '%eG'):
            imo = _monthMapUpper[mostr]
        elif mospec in ('%g', '%eg'):
            imo = _monthMapLower[mostr]
        elif mospec in ('%m', '%em', '%n', '%en'):
            imo = int(mostr)
    if dyspec:
        pat, name, dimtype, pos = _specifierMap[dyspec]
        dystr = matchobj.group(name)
        idy = int(dystr)
    if hrspec:
        pat, name, dimtype, pos = _specifierMap[hrspec]
        hrstr = matchobj.group(name)
        ihr = int(hrstr)
    if mispec:
        pat, name, dimtype, pos = _specifierMap[mispec]
        mistr = matchobj.group(name)
        imi = int(mistr)
    if sespec:
        pat, name, dimtype, pos = _specifierMap[sespec]
        sestr = matchobj.group(name)
        ise = int(sestr)
    return cdtime.comptime(iyr, imo, idy, ihr, imi, ise)


# Find all files in 'direc' which match 'template'.
# template is a relative path, and may contain specifiers
# in directory names. Returns a list [(f,m),..,(f,m)] where
# f is a matching file name, and m is a list [var,time,etime,level,elevel]
# of matching values in f. Any or all elems of the list may be None.


[docs]def matchingFiles(direc, template):

    if os.path.isabs(template):
        raise AbsoluteTemplate(template)

    # Generate a glob pattern
    normTemplate = os.path.normpath(template)
    globPattern = _filere.sub(retglob, normTemplate)

    # Map the template to a regular expression
    templatere, dimtypes = templateToRegex(template)
    ctre = re.compile(templatere)

    # Get a list of candidate files
    try:
        os.chdir(direc)
    except os.error:
        raise IOError('%s: %s' % (sys.exc_info()[1], direc))

    candlist = glob.glob(globPattern)

    # Look for matches
    matchfiles = []
    for candfile in candlist:
        matchobj = ctre.match(candfile)

        # Create matching values
        if matchobj is None:
            continue
        matchnames = [None, None, None, None, None]
        if dimtypes['var'] is not None:
            matchnames[_var] = matchobj.group('name')
        if dimtypes['time'] != [None, None, None, None, None, None]:
            matchnames[_time] = generateTime(matchobj, dimtypes['time'])
        if dimtypes['etime'] != [None, None, None, None, None, None]:
            matchnames[_etime] = generateTime(matchobj, dimtypes['etime'])
        if dimtypes['level'] is not None:
            matchnames[_level] = int(matchobj.group('level'))
        if dimtypes['elevel'] is not None:
            matchnames[_elevel] = int(matchobj.group('elevel'))
        matchfiles.append((candfile, matchnames))

    return matchfiles


# Get a string time component from a spec and a component time


[docs]def getTimeAsString(spec, time):

    if spec in ('%G', '%eG'):
        imo = time.month
        specstr = _monthListUpper[imo - 1]
    elif spec in ('%H', '%eH'):
        specstr = str(time.hour)
    elif spec in ('%M', '%eM'):
        specstr = str(time.minute)
    elif spec in ('%S', '%eS'):
        specstr = str(int(time.second))
    elif spec in ('%Y', '%eY'):
        specstr = string.zfill(str(time.year), 4)
    elif spec in ('%d', '%ed'):
        specstr = str(time.day)
    elif spec in ('%f', '%ef'):
        specstr = string.zfill(str(time.day), 2)
    elif spec in ('%g', '%eg'):
        imo = time.month
        specstr = _monthListLower[imo - 1]
    elif spec in ('%h', '%eh'):
        specstr = string.zfill(str(time.hour), 2)
    elif spec in ('%m', '%em'):
        specstr = str(time.month)
    elif spec in ('%n', '%en'):
        specstr = string.zfill(str(time.month), 2)
    elif spec in ('%y', '%ey'):
        specstr = string.zfill(str(time.year % 100), 2)
    elif spec in ('%z', '%ez'):
        specstr = getTimeAsString('%H',
                                  time) + 'Z' + getTimeAsString('%Y',
                                                                time) + getTimeAsString('%n',
                                                                                        time) + getTimeAsString('%d',
                                                                                                                time)
    return specstr


# Generate a file path, given a template and matchname list.
# matchnames is a list [varname,time,etime,level,elevel], where
# any or all elems may be None.  If matchnames be a longer list,
# it is not an error but the additional elements are ignored.


[docs]def getPathFromTemplate(template, matchnames):

    # Map spec to value string
    # (Default arg brings matchnames into the local scope)
    def retpath(matchobj, matchnames=matchnames):
        spec = matchobj.group(0)
        pat, name, dimtype, pos = _specifierMap[spec]
        var, time, etime, level, elevel = matchnames[0:5]

        if dimtype == 'var':
            if var is None:
                specstr = spec
            else:
                specstr = var
        elif dimtype == 'time':
            if time is None:
                specstr = spec
            else:
                specstr = getTimeAsString(spec, time)
        elif dimtype == 'etime':
            if etime is None:
                specstr = spec
            else:
                specstr = getTimeAsString(spec, etime)
        elif dimtype == 'level':
            if level is None:
                specstr = spec
            else:
                specstr = str(level)
        elif dimtype == 'elevel':
            if elevel is None:
                specstr = spec
            else:
                specstr = str(elevel)

        return specstr

    path = _specre.sub(retpath, template)
    return path


# Search an object or list of objects for a string attribute which
# contains a pattern.  If the object is a dataset, all objects contained in
# it are searched as well.  The function returns a list of objects with
# matching attribute, or the empty list if there are no matches.
# tag is one of 'dataset', 'variable', 'axis',
# 'rectGrid','xlink', or None.  If tag is None, all object classes are
# searched.  If attribute is None, all attributes are searched.


[docs]def searchPattern(objlist, pattern, attribute=None, tag=None):
    if tag is not None:
        tag = string.lower(tag)
    regexp = re.compile(pattern)
    if not isinstance(objlist, list):
        objlist = [objlist]

    returnlist = []
    for obj in objlist:
        returnlist = returnlist + obj.searchPattern(regexp, attribute, tag)

    return returnlist


# Search an object or list of objects for a string attribute which
# matches a pattern.  If the object is a dataset, all objects contained in
# it are searched as well.  The function returns a list of objects with
# matching attribute, or the empty list if there are no matches.
# tag is one of 'dataset', 'variable', 'axis',
# 'rectGrid','xlink', or None.  If tag is None, all object classes are
# searched.  If attribute is None, all attributes are searched.


[docs]def matchPattern(objlist, pattern, attribute=None, tag=None):
    if tag is not None:
        tag = string.lower(tag)
    regexp = re.compile(pattern)
    if not isinstance(objlist, list):
        objlist = [objlist]

    returnlist = []
    for obj in objlist:
        returnlist = returnlist + obj.matchPattern(regexp, attribute, tag)

    return returnlist


# Search an object or list of objects for those objects which satisfy a
# predicate condition. If the object is a dataset, all objects contained in
# it are searched as well. The predicate is a function which takes a single
# object (dataset, variable, axis, etc.) and returns true or false. A list of
# objects for which the predicate is true, is returned. If there are no objects
# which satisfy the predicate, If tag is None, all object classes are
# searched, otherwise only those objects of class matching tag (e.g., "dataset",
# "variable", "axis", etc.) are tested.
#
# Note that Attribute errors are ignored. This simplifies building predicate
# functions, as it is not necessary to test whether the object has a particular attribute.
# For example, if searching for axes with the partition length greater than 1000
#
#   lambda obj: obj.partition_length > 1000
#
# is sufficient, it is not necessary to test for the existence of the
# attribute.


[docs]def searchPredicate(objlist, predicate, tag=None):
    if tag is not None:
        tag = string.lower(tag)
    if not isinstance(objlist, list):
        objlist = [objlist]

    returnlist = []
    for obj in objlist:
        returnlist = returnlist + obj.searchPredicate(predicate, tag)

    return returnlist


# ------------------------------------------------------------------------
# Classes
# Generic CDMS object has a tree node, attributes


[docs]class CdmsObj (object):
    # def __setattr__(self,name,value):
    # object.__setattr__(self,name,value)
    # if not name in self.__cdms_internals__ and not name[0]=='_':
    # self.attributes[name]=value
    # if name == 'shape' :
    # print self.__class__,name,value

    def _listatts(self):
        dic = {}
        for nm, val in list(self.__dict__.items()):
            if (nm[0] != '_' and nm not in self.__cdms_internals__) or nm in [
                    '_FillValue']:
                dic[nm] = val
            if nm == '_units':
                dic['units'] = val
        return dic

    def _setatts(self, value):
        return

    attributes = property(_listatts, _setatts)

    def __init__(self, node=None):
        if not hasattr(self, '___cdms_internals__'):
            self.__dict__['___cdms_internals__'] = [
                '__cdms_internals__', '___cdms_internals__',
                '_node_', '_obj_',
                '_numericType_', '_grid_', '_bounds_',
                'parent', 'attributes', 'shape', 'autoApiInfo']
        self.attributes = {}
        self._node_ = node
        if node is not None:
            # Build an attribute dictionary from the node,
            # CDML datatype constraints

            if hasattr(node, 'datatype'):
                parenttype = node.datatype
            else:
                parenttype = None
            atts = node.getExternalDict()
            adict = self.__dict__
            for attname in list(atts.keys()):
                (attval, datatype) = atts[attname]  # (XML value, datatype)
                constraint = node.extra.get(attname)
                if constraint is not None:
                    # (CdScalar|CdArray, required type)
                    (scaletype, reqtype) = constraint
                    if reqtype == CdFromObject:
                        reqtype = parenttype
                    if reqtype != datatype and datatype == CdString and scaletype == CdScalar:
                        if reqtype in (CdFloat, CdDouble):
                            try:
                                attval = float(attval)
                            except BaseException:
                                raise RuntimeError(
                                    "%s=%s must be a float" %
                                    (attname, attval))
                        elif reqtype in (CdShort, CdInt, CdLong, CdInt64):
                            try:
                                attval = int(attval)
                            except BaseException:
                                raise RuntimeError(
                                    "%s=%s must be an integer" %
                                    (attname, attval))
                adict[attname] = attval
                self.attributes[attname] = attval

[docs]    def searchone(self, pattern, attname):
        """Search if the attribute with name attname is a string attribute which
        contains the compiled regular expression pattern, or
        if attname is None and pattern matches at least one string attribute.

        Parameters
        ----------
            pattern:
                (str) pattern
            attname:
                (str/None) attribute name

        Returns
        -------
            result: (int/True/False)
                * 1 or True if the attribute with name attname is a string
                  attribute which contains the compiled regular expression pattern,
                  or if attname is None and pattern matches at least one string attribute,
                * 0 or False if the attribute is not found or is not a string
        """
        if attname is None:
            for attval in list(self.attributes.values()):
                if isinstance(attval, bytes) and pattern.search(
                        attval) is not None:
                    return 1
            return 0
        elif attname in self.attributes:
            attval = self.attributes[attname]
            return (isinstance(attval, bytes) and
                    pattern.search(attval) is not None)
        else:
            return 0


    # Return true iff the attribute with name attname is a string
    # attribute which matches the compiled regular expression pattern, or
    # if attname is None and pattern matches at least one string
    # attribute. Return false if the attribute is not found or is not a string
[docs]    def matchone(self, pattern, attname):
        """
        Search if the attribute with name attname is a string attribute which matches
        the compiled regular expression pattern, or
        if attname is None and pattern matches at least one string attribute.

        Parameters
        ----------
            pattern: (str) pattern
            attname: (str/None) attribute name

        Returns
        -------
            result: (int/True/False)
                * True if the attribute with name attname is a string attribute which
                  matches the compiled regular expression pattern, or if attname is None
                  and pattern matches at least one string attribute.
                * False if the attribute is not found or is not a string.
        """
        if attname is None:
            for attval in list(self.attributes.values()):
                if isinstance(attval, bytes) and pattern.match(
                        attval) is not None:
                    return 1
            return 0
        elif attname in self.attributes:
            attval = self.attributes[attname]
            return (isinstance(attval, bytes) and
                    pattern.match(attval) is not None)
        else:
            return 0


    # Search for a pattern in a string-valued attribute. If attribute is None,
    # search all string attributes. If tag is not None, it must match the
    # internal node tag.
[docs]    def searchPattern(self, pattern, attribute, tag):
        """
        Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
        If tag is not None, it must match the internal node tag.

        Parameters
        ----------
            pattern: (str)

            attribute: (str/None)
                attribute name

            tag: (str/None)
                node tag

        Returns
        -------
            result: (list)

        """
        if tag is None or string.lower(tag) == self._node_.tag:
            if self.searchone(pattern, attribute):
                return [self]
            else:
                return []
        else:
            return []


    # Match a pattern in a string-valued attribute. If attribute is None,
    # search all string attributes. If tag is not None, it must match the
    # internal node tag.
[docs]    def matchPattern(self, pattern, attribute, tag):
        """
        Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
        If tag is not None, it must match the internal node tag.

        Parameters
        ----------
            pattern: (str)
                pattern
            attribute: (str/None)
                attribute name
            tag: (str/None)
                node tag
        Results
        -------
            result: (list)

        """
        if tag is None or string.lower(tag) == self._node_.tag:
            if self.matchone(pattern, attribute):
                return [self]
            else:
                return []
        else:
            return []


    # Apply a truth-valued predicate. Return a list containing a single instance: [self]
    # if the predicate is true and either tag is None or matches the object node tag.
    # If the predicate returns false, return an empty list
[docs]    def searchPredicate(self, predicate, tag):
        """
        Apply a truth-valued predicate.

        Parameters
        ----------
            predicate: (function)
            tag: (str/None)
                node tag
        Returns
        -------
            result: (list)
                * Return a list containing a single instance: [self] if the
                  predicate is true and either tag is None or matches the
                  object node tag. If the predicate returns false, return an empty list
        """
        if tag is None or string.lower(tag) == self._node_.tag:
            try:
                if predicate(*(self,)) == 1:
                    result = [self]
            except BaseException:
                result = []
        else:
            result = []
        return result


[docs]    def dumpXML(self, path=None, format=1):
        """ dump(self,path=None,format=1)

        Dump an XML representation of this object to a file.
        `path` is the result file name, None for standard output.
        `format`==1 if the file is formatted with newlines for readability

        Parameters
        ----------
            path: (None)
                result file name, None for standard output.
            format: (int)
                1 if the file is formatted with newlines for readability.

        Returns
        -------
            None: (None)
                nothing returned
        """
        if self._node_ is None:
            raise CDMSError("No tree node found")  # noqa
        self._node_.dump(path, format)


    def _getinternals(self):
        return self.___cdms_internals__

    def _setinternals(self, value):
        self.___cdms_internals__ = value
    __cdms_internals__ = property(_getinternals, _setinternals)

# internattr.add_internal_attribute(CdmsObj)


if __name__ == '__main__':
    x = CdmsObj(None)
    x.someatt = 1
    assert x.attributes['someatt'] == x.someatt
    assert '_node' not in x.attributes
    # need tests for the search routines...
    print("Test passed.")
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  Source code for cdms2.cdscan

#!/usr/bin/env python
from __future__ import print_function

import sys
import getopt
import cdms2
from cdms2.grid import lookupArray
from cdms2.axis import calendarToTag, tagToCalendar
from cdms2.cdmsobj import CdFromObject, CdString, CdScalar, CdFloat, CdDouble, CdShort, CdInt, CdLong
import numpy
import string
import cdtime
import os.path
import copy
from cdms2 import cdmsNode
import re
from functools import reduce
from cdms2.error import CDMSError
from collections import OrderedDict
from six import string_types
usage = """Usage:
    cdscan [options] <files>

    Scan a list of files producing a CDMS dataset in XML representation. See Notes below
    for a more complete explanation.

Arguments:

    <files> is a list of file paths to scan. The files can be listed in any order, and may
    be in multiple directories.  A file may also be a CDML dataset (.xml or .cdml), in
    which case the dataset(s) and files are combined into a new dataset.

Options:

    -a alias_file: change variable names to the aliases defined in an alias file.
                   Each line of the alias file consists of two blank separated
                   fields: variable_id alias. 'variable_id' is the ID of the variable
                   in the file, and 'alias' is the name that will be substituted for
                   it in the output dataset. Only variables with entries in the alias_file
                   are renamed.

    -c calendar:   either "gregorian", "proleptic_gregorian", "julian", "noleap", or "360_day". Default:
                   "gregorian". This option should be used with caution, as it will
                   override any calendar information in the files.

    -d dataset_id: dataset identifier. Default: "none"

    -e newattr:    Add or modify attributes of a file, variable, or
           axis. The form of 'newattr' is either:

           'var.attr = value' to modify a variable or attribute, or
           '.attr = value' to modify a global (file) attribute.

           In either case, 'value' may be quoted to preserve spaces
           or force the attribute to be treated as a string. If
           'value' is not quoted and the first character is a
           digit, it is converted to integer or
           floating-point. This option does not modify the input
           datafiles. See notes and examples below.

    --exclude var,var,...
                   Exclude specified variables. The argument
                   is a comma-separated list of variables containing no blanks.
                   In contrast to --exclude-file, this skips the variables regardless
                   of the file(s) in which they are contained, but processes other
                   variables in the files.
                   Also see --include.

    --exclude-file pattern
                   Exclude files with a basename matching the regular expression pattern.
                   In contrast to --exclude, this skips the file entirely. Multiple patterns
                   may be listed by separating with vertical bars (e.g. abc|def ). Note
                   that the match is to the initial part of the basename. For example, the
                   pattern 'st' matches any basename starting with 'st'.

    -f file_list:  file containing a list of absolute data file names, one per
                   line. <files> arguments are ignored.

    --forecast     generate a description of a forecast dataset.
                   This is not compatible with the -i, -r, -t, or -l options.
                   A file can contain data for exactly one forecast; its
                   forecast_reference_time (aka run time, analysis time, starting time,
                   generating time, tau=0 time) is specified by the nbdate,nbsec variables.
                   Each file's time axis will be interpreted as the forecast_period (aka
                   tau, the interval from the forecast_reference_time to the current time)
                   regardless of its units, standard_name, or other attributes.

    -h:            print a help message.

    -i time_delta: scan time as a 'linear' dimension. This is useful if the time dimension
                   is very long. The argument is the time delta, a float or integer.  For
                   example, if the time delta is 6 hours, and the reference units are
                   "hours since xxxx", set the interval delta to 6.  The default value is
                   the difference of the first two timepoints.

    --ignore-open-error:
                   Ignore open errors. Print a warning and continue.

    --include var,var,...
                   Only include specified variables in the output. The argument
                   is a comma-separated list of variables containing no blanks.
                   Also see --exclude.

    --include-file pattern
                   Only include files with a basename matching the regular expression pattern.
                   In contrast to --include, this skips files entirely if they do not
                   match the pattern. Multiple patterns
                   may be listed by separating with vertical bars (e.g. abc|def ). Note
                   that the match is to the initial part of the basename. For example, the
                   pattern 'st' matches any basename starting with 'st'.

    -j:        scan time as a vector dimension. Time values are listed
           individually. Turns off the -i option.

    -l levels:     list of levels, comma-separated. Only specify if files are partitioned by
                   levels.

    -m levelid:    name of the vertical level dimension. The default is the name of the
                   vertical level dimension

    --notrim-lat:  Don't trim latitude values (in degrees) to the range [-90..90]. By default
           latitude values are trimmed.

    -p template:   Compatibility with pre-V3.0 datasets. 'cdimport -h' describes template strings.

    -q:            quiet mode

    -r time_units: time units of the form "<units> since yyyy-mm-dd hh:mi:ss", where
                   <units> is one of "year", "month", "day", "hour", "minute", "second".
                   Trailing fields may be omitted. The default is the units of the first
                   time dimension found.

    -s suffix_file: Append a suffix to variable names, depending on the directory
                   containing the data file.  This can be used to distinguish variables
                   having the same name but generated by different models or ensemble
                   runs. 'suffix_file' is the name of a file describing a mapping between
                   directories and suffixes.  Each line consists of two blank-separated
                   fields: 'directory' 'suffix'. Each file path is compared to the
                   directories in the suffix file. If the file path is in that directory
                   or a subdirectory, the corresponding suffix is appended to the variable
                   IDs in the file. If more than one such directory is found, the first
                   directory found is used. If no match is made, the variable ids are not
                   altered.  Regular expressions can be used: see the example in the Notes
                   section.

    -t timeid:     id of the partitioned time dimension. The default is the name of the time
                   dimension.

    --time-linear tzero,delta,units[,calendar]
                   Override the time dimensions(s) with a linear time dimension. The arguments are
                   a comma-separated list:

                   tzero is the initial time point, a floating-point value.
                   delta is the time delta, floating-point.
                   units are time units as specified in the [-r] option.
                   calendar is optional, and is specified as in the [-c] option. If omitted, it
                     defaults to the value specified by [-c], otherwise as specified in the file.

                   Example: --time-linear '0,1,months since 1980,noleap'

                   Note (6) compares this option with [-i] and [-r]

    --var-locate 'var,file_pattern':
                   Only scan a variable if the basename of the file matches the pattern. This
                   may be used to resolve duplicate variable errors. var and file_pattern are
                   separated by a comma, with no blanks.

                   var is the name of the variable
                   file_pattern is a regular expression following the Python re module syntax.e

                   Example: to scan variable ps from files starting with the string 'ps_':
                     --var-locate 'ps,ps_.*'

    -x xmlfile:    XML filename. By default, output is written to standard output.

Example:

    cdscan -c noleap -d test -x test.xml [uv]*.nc
    cdscan -d pcmdi_6h -i 0.25 -r 'days since 1979-1-1' *6h*.ctl

Notes:

    (1) The files can be in netCDF, GrADS/GRIB, HDF, or DRS format, and can be listed in
    any order. Most commonly, the files are the result of a single experiment, and the
    'partitioned' dimension is time. The time dimension of a variable is the coordinate
    variable having a name that starts with 'time' or having an attribute "axis='T'". If
    this is not the case, specify the time dimension with the -t option. The time
    dimension should be in the form supported by cdtime. If this is not the case (or to
    override them) use the -r option.

    (2) The basic form of the command is 'cdscan <files>'. By default, the time values are
    listed explicitly in the output XML. This can cause a problem if the time dimension is
    very long, say for 6-hourly data. To handle this the form 'cdscan -i delta <files>'
    may be used. This generates a compact time representation of the form <start, length,
    delta>. An exception is raised if the time dimension for a given file is not linear.

    (3) Another form of the command is 'cdscan -l lev1,lev2,..,levn <files>'. This asserts
    that the dataset is partitioned in both time and vertical level dimensions. The level
    dimension of a variable is the dimension having a name that starts with "lev", or
    having an attribute "axis=Z". If this is not the case, set the level name with the -m
    option.

    (4) An example of a suffix file:

    /exp/pr/ncar-a  _ncar-a
    /exp/pr/ecm-a   _ecm-a
    /exp/ta/ncar-a  _ncar-a
    /exp/ta/ecm-a   _ecm-a

    For all files in directory /exp/pr/ncar-a or a subdirectory, the corresponding
    variable ids will be appended with the suffix '_ncar-a'.  Regular expressions can be
    used, as defined in the Python 're' module. For example, The previous example can be
    replaced with the single line:

    /exp/[^/]*/([^/]*) _\g<1>

    Note the use of parentheses to delimit a group. The syntax \g<n> refers to the n-th
    group matched in the regular expression, with the first group being n=1. The string
    [^/]* matches any sequence of characters other than a forward slash.

    (5) Adding or modifying attributes with the -e option:

    time.units = "days since 1979-1-1"

    sets the units of all variables/axes to "Days since 1979-1-1". Note
    that since this is done before any other processing is done, it allows
    overriding of non-COARDS time units.

    .newattr=newvalue

    Set the global file attribute 'newattr' to 'newvalue'.

    (6) The [--time-linear] option overrides the time values in the file(s). The resulting
    dimension does not have any gaps. In contrast, the [-i], [-r] options use the specified
    time units (from [-r]), and calendar from [-c] if specified, to convert the file times
    to the new units. The resulting linear dimension may have gaps.

    In either case, the files are ordered by the time values in the files.

    The [--time-linear] option should be used with caution, as it is applied to all the time
    dimensions found.
"""

# Ensure that arrays are fully printed to XML files
numpy.set_printoptions(threshold=numpy.inf)

calendarMap = tagToCalendar

reverseCalendarMap = calendarToTag

attrPattern = re.compile(r'\s*(\w*)\.(\w+)\s*=\s*(.*)$')
cdms2.setNetcdfUseParallelFlag(0)


[docs]def timestamp():
    "Generate a timestamp."
    import time
    y, m, d, h, mi, s, w, dy, ds = time.gmtime(time.time())
    return "%d-%d-%d %d:%d:%d" % (y, m, d, h, mi, s)



[docs]def timeindex(value, units, basetime, delta, calendar):
    """ Calculate (t - basetime)/delu
    where t = reltime(value, units)
    and delu is the time interval (delta, delunits) (e.g., 1 month).
    """
    if units.find(" as ") == -1:
        tval = cdtime.reltime(value, units)
    else:
        tval = cdtime.abstime(value, units)
    newval = tval.torel(basetime, calendar)
    if delta is None:
        return newval.value
    else:
        return newval.value / delta



[docs]def combineKeys(mydict, typedict, timeIsLinear=0,
                referenceDelta=None, forecast=None):
    """ Combine dictionary keys into an axis.
    dict: (i,j) => (path, axisname)
    typedict is either timedict or levdict or fcdict.
    timeIsLinear is true iff time has a linear representation.
    referenceDelta is only used for error checks if timeIsLinear is true.
    """

    global verbose

    # Sort the projected time, level indices
    keys = list(OrderedDict(sorted(mydict.items())).keys())

    axislist = []
    prevend = None
    prevpath = None
    name0 = None
    compressPart = []
    partition = []
    previ = 0
    firstunits = ""
    prevvals = None
    coordToInd = {(None, None): (None, None)}
    linCoordToInd = {(None, None): (None, None)}
    iadj = None
    errorOccurred = 0
    for i0, i1 in keys:
        path, name = mydict[(i0, i1)]
        if name0 is None:
            name0 = name
        values, units, dummy = typedict[(path, name)]
        if firstunits == "":
            firstunits = units
        if prevend is not None and prevend >= i0:
            if prevend >= i1:
                if verbose:
                    print('Warning, file %s, dimension %s contains values in file %s' % (
                        prevpath, name, path), file=sys.stderr)
                if timeIsLinear:
                    iind = lookupArray(prevvals, values[0])
                    jind = lookupArray(prevvals, values[-1])
                else:
                    iind = lookupArray(prevvals, i0)
                    jind = lookupArray(prevvals, i1)
                if len(values) != (jind - iind + 1):
                    raise RuntimeError(
                        'Dimension %s in files %s [len(%s)=%d], %s [len(%s)=%d], is inconsistent' %
                        (name, prevpath, name, (jind - iind + 1), path, name, len(values)))
                coordToInd[(i0, i1)] = (iind, jind)

                prevspart, prevepart = partition[-1]
                linCoordToInd[(i0, i1)] = (
                    prevspart + iind, prevspart + jind + 1)
                continue
            else:                       # Fix partial overlap
                if timeIsLinear:
                    jind = lookupArray(prevvals, values[0])
                else:
                    jind = lookupArray(prevvals, i0)
                if verbose:
                    print('Warning, file %s, dimension %s overlaps file %s, value=%f' % (
                        prevpath, name, path, prevvals[jind]), file=sys.stderr)
                previ, prevj = compressPart[-1]
                prevj = previ + jind
                axislist[-1] = prevvals[0:jind]
                compressPart[-1] = (previ, prevj)
                coordToInd[(prevvals[0], prevvals[-1])] = (previ, prevj)
                previ = prevj

                prevspart, prevepart = partition[-1]
                prevepart = prevspart + jind
                partition[-1] = (prevspart, prevepart)
                linCoordToInd[(prevvals[0], prevvals[-1])
                              ] = (prevspart, prevepart)

        axislist.append(values)
        prevend = i1
        prevpath = path
        prevj = previ + len(values)
        compressPart.append((previ, prevj))
        coordToInd[(i0, i1)] = (previ, prevj)

        if iadj is None:                # partition has to start with 0
            iadj = int(i0)
        spart = int(i0) - iadj
        epart = int(i1) + 1 - iadj
        partition.append((spart, epart))
        linCoordToInd[(i0, i1)] = (spart, epart)
        if timeIsLinear and len(values) != (epart - spart):
            # Find the bad values
            diffs = values[1:] - values[:-1]
            badindices = numpy.compress(
                numpy.not_equal(diffs, referenceDelta), list(range(len(values))))
            badvalues = numpy.take(values, badindices)
            if verbose:
                print("Error: Missing values in %s after times: %s." % (path, str(badvalues)) +
                      " Set delta with the -i option or turn off linear mode with the -j option.",
                      file=sys.stderr)
            errorOccurred = 1

        prevvals = values
        previ = prevj

    fullaxis = numpy.ma.concatenate(axislist)
    return fullaxis, name0, compressPart, coordToInd, firstunits, partition, linCoordToInd, errorOccurred



[docs]def useKeys(mydict, typedict, timeIsLinear=0,
            referenceDelta=None, forecast=None):
    """ Use dictionary keys for an axis.  This is like combineKeys (same arguments, same return values,
    was written by simplifying combineKeys), but this doesn't do nearly so much because this is
    for an axis where there is no splitting across files, hence partitions are not needed.
    dict: (i,j) => (path, axisname)
    typedict is either timedict or levdict or fcdict.
    timeIsLinear is true iff time has a linear representation.
    referenceDelta is only used for error checks if timeIsLinear is true.
    """
    global verbose

    # Sort the projected time, level indices
    keys = list(OrderedDict(sorted(mydict.items())).keys())

    axislist = []
    name0 = None
#    compressPart = []
    compressPart = None
#    partition = []
    partition = None
#    previ = 0
    firstunits = None
#    coordToInd = {(None,None):(None,None)}
#    linCoordToInd = {(None,None):(None,None)}
    coordToInd = None
    linCoordToInd = None
    errorOccurred = 0
    for i0, i1 in keys:
        path, name = mydict[(i0, i1)]
        if name0 is None:
            name0 = name
        values, units, dummy = typedict[(path, name)]
        if firstunits is None:
            firstunits = units
        axislist.append(values)
#        prevj = previ+len(values)
#        coordToInd[(i0,i1)] = (previ, prevj)

    fullaxis = numpy.ma.concatenate(axislist)
    return fullaxis, name0, compressPart, coordToInd, firstunits, partition, linCoordToInd, errorOccurred



[docs]def copyDict(mydict):
    """Copy a dictionary-like object dict to a true dictionary"""
    result = {}
    for key in mydict.keys():
        result[key] = mydict[key]

    return result



[docs]def disambig(name, mydict, num, comparator, value):
    """ Make an unique name from name, wrt to the keys in dictionary dict.
    Try using num first. comparator(value,dict[name]) returns 0 if equal, 1 if not.
    """
    if name not in mydict or not comparator(value, mydict[name]):
        uniqname = name
    else:
        uniqname = '%s_%d' % (name, num)
        if uniqname in mydict and comparator(value, mydict[uniqname]):
            trial_name = uniqname
            for letter in string.lowercase:
                uniqname = '%s_%s' % (trial_name, letter)
                if uniqname not in mydict or not comparator(
                        value, mydict[uniqname]):
                    break
            else:
                raise BaseException(
                    'Cannot make axis name unique: ' + str(name))

    return uniqname



[docs]def compareaxes(axis1, axis2):
    """Return 0 if equal, 1 if not"""
    return ((len(axis1) != len(axis2)) or
            not numpy.ma.allclose(axis1[:], axis2[:]))



[docs]def comparedomains(domain1, domain2):
    """Return 0 if equal, 1 if not"""
    if len(domain1) != len(domain2):
        return 1
    for i in range(len(domain1)):
        item1 = domain1[i]
        item2 = domain2[i]
        if not isinstance(item1, type(item2)):
            return 1
        if isinstance(item1, string_types):
            return item1 != item2
        elif compareaxes(item1, item2):
            return 1
    return 0



[docs]def compareVarDictValues(val1, val2):
    return comparedomains(val1[0], val2[0])



[docs]def cleanupAttrs(attrs):
    for attname in attrs.keys():
        attval = attrs[attname]
        if isinstance(attval, numpy.ndarray):
            if attval.ndim == 0:
                continue
            elif len(attval) == 1:
                attrs[attname] = attval[0]
            else:
                attrs[attname] = str(attval)
    if 'missing_value' in attrs and attrs['missing_value'] is None:
        del attrs['missing_value']
    if 'ndim' in attrs:
        del attrs['ndim']



[docs]def validateAttrs(node):
    """Compare attributes against DTD."""

    global verbose

    if hasattr(node, 'datatype'):
        parenttype = node.datatype
    else:
        parenttype = None
    atts = node.getExternalDict()
    for attname in atts.keys():
        (attval, datatype) = atts[attname]  # (XML value, datatype)
        constraint = node.extra.get(attname)
        if constraint is not None:
            # (CdScalar|CdArray, required type)
            (scaletype, reqtype) = constraint
            if reqtype == CdFromObject:
                reqtype = parenttype
            if reqtype != datatype and datatype == CdString and scaletype == CdScalar:
                if reqtype in (CdFloat, CdDouble) and not isinstance(
                        attval, float):
                    try:
                        attval = float(attval)
                    except BaseException:
                        if verbose:
                            print("Warning: %s=%s should be a float, id=%s" % (
                                attname, attval, node.id), end=' ', file=sys.stderr)
                        try:
                            attval = int(attval)
                            attval = float(attval)
                            if verbose:
                                print("(Recasting)")
                            node.setExternalAttr(attname, attval)
                        except BaseException:
                            if attname in [
                                    'modulo', 'add_offset', 'scale_factor']:
                                if verbose:
                                    print("(Removing)")
                                attdict = node.getExternalDict()
                                del attdict[attname]
                            else:
                                if verbose:
                                    print("")
                elif reqtype in (CdShort, CdInt, CdLong) and not isinstance(attval, int):
                    try:
                        attval = int(attval)
                    except BaseException:
                        if verbose:
                            print("Warning: %s=%s should be an integer, id=%s" % (
                                attname, attval, node.id), end=' ', file=sys.stderr)
                        try:
                            attval = float(attval)
                            attval = int(attval)
                            if verbose:
                                print("(Recasting)")
                            node.setExternalAttr(attname, attval)
                        except BaseException:
                            if verbose:
                                print("")



[docs]def cloneWithLatCheck(axis):
    """Clone an axis, ensuring that latitudes (in degrees) are in the range [-90:90]"""

    global verbose
    global notrimlat

    axisvals = origvals = axis[:]
    if axis.isLatitude() and hasattr(
            axis, "units") and axis.units[0:6].lower() == "degree":
        if notrimlat == 0:
            axisvals = numpy.maximum(-90.0, numpy.minimum(90.0, axisvals))
        if not numpy.ma.allclose(axisvals, origvals) and verbose:
            print(
                "Warning: resetting latitude values: ",
                origvals,
                " to: ",
                axisvals,
                file=sys.stderr)

    b = axis.getBounds()
    mycopy = cdms2.createAxis(copy.copy(axisvals))
    mycopy.id = axis.id
    try:
        mycopy.setBounds(b)
    except CDMSError:
        b = mycopy.genGenericBounds()
        mycopy.setBounds(b)
    for k, v in axis.attributes.items():
        setattr(mycopy, k, v)
    return mycopy



[docs]def addAttrs(fobj, eattrs):
    """Add extra attributes to file/dataset fobj.
    eattrs has the form [(varid,attr,value), (varid,attr,value), ...]
    where if varid is '', set the global attribute."""
    for evar, eattr, evalue in eattrs:
        if evar == '':
            fobj.__dict__[eattr] = evalue
        else:
            varobj = fobj[evar]
            if varobj is not None:
                varobj.__dict__[eattr] = evalue



[docs]def setNodeDict(node, mydict):
    for key in mydict.keys():
        value = mydict[key]
        if (isinstance(value, numpy.integer) or
                isinstance(value, int)):
            datatype = CdLong
        elif (isinstance(value, numpy.floating) or isinstance(value, float)):
            datatype = CdDouble
        else:
            datatype = CdString
        node.attribute[key] = (value, datatype)



[docs]def initialize_filemap(filemap, timedict, levdict, timeid, extendDset, splitOnTime,
                       referenceTime, timeIsLinear, referenceDelta, splitOnLevel,
                       dirlen, overrideCalendar):
    # This function was formerly part of the body of "main".
    # Initialize filemap : varid => (tc0, tc1, lc0, lc1, path, timeid, levid)
    # where tc0 is the first time index relative to the reference time, tc1 the last,
    # lc0 is the first level, lc1 the last, path is the filename, timeid is the id
    # of the time dimension of the variable, levid is the id of the level dimension
    #
    # timedict : (path, timeid) => (timearray, timeunits, calendar)
    #
    # levdict : (path, levelid) => (levelarray, levelunits, None)
    #
    initfilemap = cdms2.dataset.parseFileMap(extendDset.cdms_filemap)
    dsetdirec = extendDset.directory
    for namelist, slicelist in initfilemap:
        for name in namelist:
            var = extendDset[name]
            timeaxis = var.getTime()
            if timeaxis is not None and not overrideCalendar:
                calendar = timeaxis.getCalendar()
            if splitOnTime and timeaxis is not None:
                if hasattr(timeaxis, 'name_in_file'):
                    timeid = timeaxis.name_in_file
                else:
                    timeid = timeaxis.id
                if referenceTime is None:
                    referenceTime = timeaxis.units
                if timeIsLinear in [None, 1]:
                    timeIsLinear = timeaxis.isLinear()
                    if timeIsLinear:
                        if len(timeaxis) > 1:
                            referenceDelta = timeaxis[1] - timeaxis[0]
                        else:
                            referenceDelta = 1.0
                    else:
                        referenceDelta = None
            else:
                timeid = None
            levelaxis = var.getLevel()
            if splitOnLevel and levelaxis is not None:
                if hasattr(levelaxis, 'name_in_file'):
                    levid = levelaxis.name_in_file
                else:
                    levid = levelaxis.id
            else:
                levid = None

            varmaplist = []
            for t0, t1, lev0, lev1, path in slicelist:
                fullpath = os.path.join(dsetdirec, path)
                basepath = fullpath[dirlen:]
                if t0 is not None:
                    tc0 = timeindex(
                        timeaxis[t0],
                        timeaxis.units,
                        referenceTime,
                        referenceDelta,
                        calendar)
                    tc1 = timeindex(timeaxis[t1 - 1],
                                    timeaxis.units,
                                    referenceTime,
                                    referenceDelta,
                                    calendar)
                    if (basepath, timeid, calendar) not in timedict:
                        values = timeaxis[t0:t1]
                        timedict[(basepath, timeid)] = (
                            values, timeaxis.units, calendar)
                else:
                    tc0 = tc1 = None
                if lev0 is not None:
                    lc0 = levelaxis[lev0]
                    lc1 = levelaxis[lev1 - 1]
                    if (basepath, levid, None) not in levdict:
                        values = levelaxis[lev0:lev1]
                        levdict[(basepath, levid)] = (
                            values, levelaxis.units, None)
                else:
                    lc0 = lc1 = None
                varmaplist.append(
                    (tc0, tc1, lc0, lc1, basepath, timeid, levid, calendar))
            if name in filemap:
                filemap[name].extend(varmaplist)
            else:
                filemap[name] = varmaplist


# ------------------------------------------------------------------------


verbose = 1


[docs]def main(argv):

    global verbose
    global notrimlat

    try:
        args, lastargs = getopt.getopt(
            argv[1:], "a:c:d:e:f:hi:jl:m:p:qr:s:t:x:",
            ["include=", "include-file=", "exclude=", "exclude-file=", "forecast", "time-linear=",
             "notrim-lat", "var-locate=", "ignore-open-error"])
    except getopt.error:
        print(sys.exc_info()[1], file=sys.stderr)
        print(usage, file=sys.stderr)
        sys.exit(0)

    calendar = None
    calenkey = None
    timeid = None
    levelid = None
    notrimlat = 0
    referenceTime = None
    referenceDelta = None
    readFromFile = 0
    splitOnTime = 1
    splitOnLevel = 0
    datasetid = "none"
    timeIsLinear = None
    writeToStdout = 1
    templatestr = None
    timeIsVector = None
    modelMapFile = None
    aliasMapFile = None
    overrideCalendar = 0
    extraAttrs = []
    extraDict = {}
    includeList = None
    excludeList = None
    overrideTimeLinear = None
    varLocate = None
    ignoreOpenError = False
    excludePattern = None
    includePattern = None
    forecast = False
    for flag, arg in args:
        if flag == '-a':
            aliasMapFile = arg
        elif flag == '-c':
            calenkey = arg.lower()
            calendar = calendarMap[calenkey]
            overrideCalendar = 1
        elif flag == '-d':
            datasetid = arg
        elif flag == '-e':
            matchObj = attrPattern.match(arg)
            if matchObj is None:
                raise RuntimeError(
                    "Expression must have form '[var].attr=value': %s" % arg)
            matchGroups = matchObj.groups()
            if len(matchGroups) != 3:
                raise RuntimeError(
                    "Expression must have form '[var].attr=value': %s" % arg)
            matchValue = matchGroups[2]
            if len(matchValue) > 0 and (matchValue[0].isdigit(
            ) or matchValue[0] in ['"', "'", "-", "+"]):  # "
                matcheval = eval(matchValue)
            else:
                matcheval = str(matchValue)
            extraAttrs.append((matchGroups[0], matchGroups[1], matcheval))
        elif flag == '--exclude':
            if arg[0] == '-':
                raise RuntimeError("--exclude option requires an argument")
            excludeList = arg.split(',')
        elif flag == '--exclude-file':
            excludePattern = arg
        elif flag == '-f':
            readFromFile = 1
            filelistpath = arg
        elif flag == '--forecast':  # experimental forecast mode
            forecast = True
            splitOnTime = 0
            splitOnLevel = 0
        elif flag == '-h':
            print(usage)
            sys.exit(0)
        elif flag == '-i':
            splitOnTime = 1
            referenceDelta = float(arg)
            timeIsLinear = 1
            timeIsVector = None
        elif flag == '--ignore-open-error':
            ignoreOpenError = True
        elif flag == '--include':
            if arg[0] == '-':
                raise RuntimeError("--include option requires an argument")
            includeList = arg.split(',')
        elif flag == '--include-file':
            includePattern = arg
        elif flag == '-j':
            timeIsVector = 1
            timeIsLinear = None
        elif flag == '-l':
            splitOnLevel = 1
            levelstr = arg.split(',')
            levellist = list(map(float, levelstr))
            levels = numpy.array(levellist)
            levels = numpy.sort(levels)
        elif flag == '-m':
            levelid = arg
            args.append(('-e', '%s.axis=Z' % levelid))  # Add axis=Z attribute
        elif flag == '--notrim-lat':
            notrimlat = 1
        elif flag == '-p':
            templatestr = arg
        elif flag == '-q':
            verbose = 0
        elif flag == '-r':
            splitOnTime = 1
            referenceTime = arg
        elif flag == '-s':
            modelMapFile = arg
        elif flag == '-t':
            splitOnTime = 1
            timeid = arg
            args.append(('-e', '%s.axis=T' % timeid))  # Add axis=T attribute
        elif flag == '--time-linear':
            targlist = arg.split(',')
            ttzero = float(targlist[0])
            tdelta = float(targlist[1])
            tunits = targlist[2].strip()
            if len(targlist) == 4:
                tcalendar = targlist[3].strip()

            else:
                tcalendar = None
            overrideTimeLinear = [ttzero, tdelta, tunits, tcalendar]
        elif flag == '--var-locate':
            if varLocate is None:
                varLocate = {}
            vname, pattern = arg.split(',')
            varLocate[vname] = pattern
        elif flag == '-x':
            writeToStdout = 0
            xmlpath = arg

    # If overriding time, process time as vector so that no gaps result
    if overrideTimeLinear is not None:
        timeIsVector = 1
        timeIsLinear = None
        if overrideCalendar == 1:
            overrideTimeLinear[3] = calenkey

    if verbose:
        print('Finding common directory ...')
    if readFromFile:
        f = open(filelistpath)
        lastargs = f.readlines()
        f.close()

    # Ignore blank paths
    realargs = []
    for arg in lastargs:
        sarg = arg.strip()
        if len(sarg) > 0:
            realargs.append(sarg)
    lastargs = realargs

    # Split lastargs into files and datasets
    fileargs = []
    dsetargs = []
    for arg in lastargs:
        base, suffix = os.path.splitext(arg)
        if suffix.lower() in ['.xml', '.cdml']:
            dsetargs.append(arg)
        else:
            fileargs.append(arg)

    # Generate a list of pathnames for datasets
    dsetfiles = []
    for path in dsetargs:
        dset = cdms2.open(path)
        if not hasattr(dset, 'cdms_filemap'):
            raise RuntimeError(
                'Dataset must have a cdms_filemap attribute: ' + path)
        if not hasattr(dset, 'directory'):
            raise RuntimeError(
                'Dataset must have a directory attribute: ' + path)
        dsetdirec = dset.directory
        initfilemap = cdms2.dataset.parseFileMap(dset.cdms_filemap)
        for namelist, slicelist in initfilemap:
            for t0, t1, lev0, lev1, path in slicelist:
                dsetfiles.append(os.path.join(dsetdirec, path))
    augmentedArgs = fileargs + dsetfiles

    # Find the common directory
    directory = os.path.commonprefix(augmentedArgs)
    firstpath = augmentedArgs[0][len(directory):]
    if not os.path.isfile(os.path.join(directory, firstpath)):
        dnew = os.path.dirname(directory)
        if len(dnew) > 0 and directory[len(dnew)] == '/':
            directory = dnew + '/'
        else:
            directory = dnew
    if verbose:
        print('Common directory:', directory)

    dirlen = len(directory)

    if templatestr is not None:
        if os.path.isabs(templatestr):
            templatestr = templatestr[dirlen:]
        templatere, ignore = cdms2.cdmsobj.templateToRegex(templatestr)
        template = re.compile(templatere + '$')
    else:
        template = None

    axisdict = {}
    vardict = {}
    filemap = {}
    timedict = {}
    levdict = {}
    fcdict = {}
    global_attrs = None
    fctau0 = None

    if modelMapFile is not None:
        mfile = open(modelMapFile)
        modelMap = {}
        modelDirs = []
        for line in mfile.readlines():
            mdirec, model = line.split()
            modelMap[mdirec] = model
            modelDirs.append(mdirec)
        mfile.close()

    if aliasMapFile is not None:
        afile = open(aliasMapFile)
        aliasMap = {}
        for line in afile.readlines():
            if line[0] not in ["'", '"']:  # "
                varid, alias = line.split()
            else:
                dummy, varid, alias = line.split(line[0])
                alias = alias.strip()
            aliasMap[varid] = alias
        afile.close()

    # Save extra attribute information for new axes
    for evar, eattr, evalue in extraAttrs:
        if evar == '':
            continue
        if evar in extraDict:
            curval = extraDict[evar]
            curval.append((eattr, evalue))
        else:
            extraDict[evar] = [(eattr, evalue)]

    # ------------------------------------------------------------------------
    # Initialize dictionaries if adding to an existing dataset
    if verbose and len(dsetargs) > 0:
        print('Scanning datasets ...')
    for extendPath in dsetargs:
        if verbose:
            print(extendPath)
        extendDset = cdms2.open(extendPath)

        # Add/modify attributes
        addAttrs(extendDset, extraAttrs)

        # Copy the global attribute dictionary if necessary. Note that copy.copy
        # can't be used here, since .attributes is now a 'fake' dictionary.
        if global_attrs is None:
            global_attrs = copyDict(extendDset.attributes)

        # Initialize filemap : varid => (tc0, tc1, lc0, lc1, path, timeid, levid)
        # where tc0 is the first time index relative to the reference time, tc1 the last,
        # lc0 is the first level, lc1 the last, path is the filename, timeid is the id
        # of the time dimension of the variable, levid is the id of the level dimension
        #
        # timedict : (path, timeid) => (timearray, timeunits, calendar)
        #
        # levdict : (path, levelid) => (levelarray, levelunits, None)
        #
        initialize_filemap(filemap, timedict, levdict, timeid, extendDset, splitOnTime,
                           referenceTime, timeIsLinear, referenceDelta, splitOnLevel,
                           dirlen, overrideCalendar)

        # axisdict : id => transient_axis
        #   for non-partitioned axes only
        #
        tempmap = {}
        for axis in list(extendDset.axes.values()):
            if not ((splitOnTime and (axis.isTime() or axis.id == timeid)) or
                    (splitOnLevel and (axis.isLevel() or axis.id == levelid))):
                axis = cloneWithLatCheck(axis)
                if axis.id in axisdict:
                    currentaxis = axisdict[axis.id]

                    # Check that the axis has the same length and values as the saved value. If not,
                    # create an unambiguous name in the axis dictionary.
                    if compareaxes(axis, currentaxis):
                        sepname = disambig(
                            axis.id, axisdict, len(axis), compareaxes, axis)
                        axis.name_in_file = axis.id
                        oldid = axis.id
                        axis.id = sepname
                        axisdict[sepname] = axis
                        tempmap[oldid] = sepname
                else:
                    axisdict[axis.id] = axis

        # vardict : varid => [domain, attributeDict, typecode]
        #   where domain = [axis_or_id, axis_or_id,...]
        #   and axis_or_id is the id of a partitioned dimension, or
        #   the transient axis object associated with a non-partitioned dimension
        #

        for var in list(extendDset.variables.values()):
            tempdomain = []
            for id in var.getAxisIds():
                if id in tempmap:
                    id = tempmap[id]
                if id in axisdict:
                    tempdomain.append(axisdict[id])
                else:
                    axis = extendDset[id]
                    if hasattr(axis, 'name_in_file'):
                        id = axis.name_in_file
                    tempdomain.append(id)
            varattrs = copyDict(var.attributes)
            vardict[var.id] = [tempdomain, varattrs, var.typecode()]

        extendDset.close()

        # end of loop "for extendPath in dsetargs"

    # ------------------------------------------------------------------------
    if verbose:
        print('Scanning files ...')

    boundsmap = {}                      # boundsmap : varid => timebounds_id
    boundsdict = {}                     # Same as vardict for time bounds
    for path in fileargs:
        path = path.strip()

        # Check if the path is included
        if includePattern is not None:
            base = os.path.basename(path)
            mobj = re.match(includePattern, base)
            if mobj is None:
                continue

        # Check if the path is excluded
        if excludePattern is not None:
            base = os.path.basename(path)
            mobj = re.match(excludePattern, base)
            if mobj is not None:
                continue

        if verbose:
            print(path)
        try:
            f = cdms2.open(path)
        except BaseException:
            if not ignoreOpenError:
                raise RuntimeError('Error opening file ' + path)
            else:
                print(
                    'Warning: cannot open file, skipping: %s' %
                    path, file=sys.stderr)
                continue

        # Add/modify attributes
        addAttrs(f, extraAttrs)

        # Determine the variable ID suffix, if any
        varsuffix = None
        if modelMapFile is not None:
            for direc in modelDirs:
                mo = re.match(direc, path)
                if mo is not None:
                    suffixPattern = modelMap[direc]

                    def gensuffix(m, mo=mo):
                        i = int(m.group(1))
                        return mo.group(i)
                    varsuffix = re.sub(r'\\g<(\d)>', gensuffix, suffixPattern)
                    break

        # Copy the global attribute dictionary if necessary. Note that copy.copy
        # can't be used here, since .attributes is now a 'fake' dictionary.
        if global_attrs is None:
            global_attrs = copyDict(f.attributes)

        basepath = path[dirlen:]
        if template is not None and template.match(basepath) is None:
            if verbose:
                print('Warning: path %s does not match template %s' % (
                    basepath, templatestr), file=sys.stderr)

        # Find time boundary variables
        boundsids = []
        if splitOnTime:
            tmpdict = {}
            for axisname in f.axes.keys():
                axis = f[axisname]
                # was if axis.isTime() and hasattr(axis, 'bounds'):
                if axis.isTime() and (axis.getBounds() is not None):
                    tmpdict[axis.bounds] = 1
            boundsids = list(tmpdict.keys())

        # For forecasts, get the time at which the forecast begins (tau=0) which
        # is nbdate,nbsec
        if forecast:
            # f('nbdate') is numpy.int32 which gets truncated
            nbdate = numpy.int(f('nbdate'))
            nbsec = f('nbsec')
            # hopefully nbsec<(seconds per day)=86400<100000
            fctau0 = nbdate * 100000 + nbsec
            fctau0time = cdtime.abstime(nbdate, "day as %Y%m%d")
            fctau0time = fctau0time.add(
                nbsec, cdtime.Seconds)  # fctau0 as type comptime
            fc_time_attrs = []

        varnames = list(f.variables.keys())

        # Try to force all axes to be included, but only small ones, length<100.
        # This section was motivated by a need to preserve the cloud axes isccp_prs,isccp_tau.
        # If we ever need to preserve longer axes as well, we could create one
        # variable per axis...
        crude_var_axes = [[ax[0] for ax in var.getDomain()]
                          for var in list(f.variables.values())]
        var_axes = set().union(*crude_var_axes)
        other_axes = list(set(f.axes.values()) - var_axes)
        if len(other_axes) > 0:
            other_axes = [ax for ax in other_axes if len(ax) < 100]
            other_axes.sort(key=(lambda ax: ax.id))
            axisvar = cdms2.createVariable(numpy.ones([len(ax) for ax in other_axes]),
                                           axes=other_axes, id='allaxesdummy')
            # all CdmsObj objects have this attribute, but for unknown
            axisvar.autoApiInfo = None
            # reasons datasetnode.dump() fails trying to dump this attribute's
            # default value (jfp)
            varnames.append(axisvar.id)
        # ...try to force all axes to be considered

        varnames = sorted(varnames)
        for varname in varnames:

            # If --var-locate is specified for the variable, match the basename
            # before processing
            if varLocate is not None and varname in varLocate:
                varpattern = varLocate[varname]
                base = os.path.basename(path)
                mobj = re.match(varpattern, base)
                if mobj is None:
                    continue

            # was var = f.variables[varname]
            if varname == 'allaxesdummy':
                var = axisvar
            else:
                var = f.variables[varname]

            # Reset the variable ID to any specified alias
            if aliasMapFile is not None:
                varalias = aliasMap.get(var.id)
                if varalias is not None:
                    var.name_in_file = var.id
                    var.id = varalias
                    varname = varalias

            # Append a suffix to the variable ID, if applicable
            if varsuffix is not None:
                if not hasattr(var, 'name_in_file'):
                    var.name_in_file = var.id
                var.id += varsuffix
                varname += varsuffix

            # [timestart, timeend, levstart, levend, path, timeid, levid, calendar, fctau0]
            varentry = [None] * 9
            varentry[4] = basepath
            varentry[8] = fctau0

            # Generate a temporary domain entry, and
            # create axis dictionary entries.
            domain = var.getDomain()
            if forecast:
                tempdomain = ['fctau0']
            else:
                # List of axis names and/or objects (if not partitioned)
                tempdomain = []
            for axis, start, length, truelen in domain:
                if (splitOnTime and (axis.isTime() or axis.id == timeid)) or \
                   (splitOnLevel and (axis.isLevel() or axis.id == levelid)):
                    tempdomain.append(axis.id)
                elif forecast and (axis.isTime() or axis.id == timeid):
                    # time axis isn't split but needs special treatment for
                    # forecasts
                    tempdomain.append(axis.id)
                    fc_time_attrs.append(axis.attributes)
                else:
                    axis = cloneWithLatCheck(axis)  # Transient copy
                    if axis.id in axisdict:
                        currentaxis = axisdict[axis.id]

                        # Check that the axis has the same length and values as the saved value. If not,
                        # create an unambiguous name in the axis dictionary.
                        if compareaxes(axis, currentaxis):
                            sepname = disambig(
                                axis.id, axisdict, len(axis), compareaxes, axis)
                            axis.name_in_file = axis.id
                            axis.id = sepname

                            # Fix boundary variable names if using suffixes.
                            if varsuffix is not None and hasattr(
                                    axis, 'bounds'):
                                axis.bounds += varsuffix
                            axisdict[sepname] = axis
                        else:
                            axis = currentaxis
                    else:
                        # Fix boundary variable names if using suffixes.
                        if varsuffix is not None and hasattr(axis, 'bounds'):
                            axis.bounds += varsuffix
                        axisdict[axis.id] = axis
                    tempdomain.append(axis)

            # Create a dictionary entry for the variable if not already there.
            if var.id in boundsids:
                boundsattrs = copyDict(var.attributes)
                boundsdict[var.id] = [tempdomain, boundsattrs, var.typecode()]
                continue                # Don't set a filemap entry until axes are sorted out
            elif var.id not in vardict:
                varattrs = copyDict(var.attributes)
                if varsuffix is not None or aliasMapFile is not None:
                    varattrs['name_in_file'] = var.name_in_file
                vardict[var.id] = [tempdomain, varattrs, var.typecode()]
            else:
                currentdomain, attrs, tcode = vardict[var.id]
                if comparedomains(currentdomain, tempdomain):
                    sepname = disambig(
                        var.id, vardict, var.size(), compareVarDictValues, (tempdomain, None))
                    saveid = var.id
                    varname = var.id = sepname
                    varattrs = copyDict(var.attributes)
                    var.name_in_file = varattrs['name_in_file'] = saveid
                    vardict[sepname] = [tempdomain, varattrs, var.typecode()]

            # Create a filemap entry for this variable/file, if split on time
            # or forecast
            axisids = [x[0].id for x in var.getDomain()]
            if splitOnTime or forecast:
                vartime = None
                if timeid is not None:
                    if timeid in axisids:
                        vartime = f.axes.get(timeid)
                    else:
                        if verbose:
                            print(
                                'Warning, time axis %s not found, -t option ignored' %
                                timeid, file=sys.stderr)
                if vartime is None:
                    vartime = var.getTime()
                if vartime is not None:
                    if not overrideCalendar:
                        calendar = vartime.getCalendar()
                    if referenceTime is None:
                        referenceTime = vartime.units
                    if verbose and not forecast:
                        print('Setting reference time units to', referenceTime)
                    if timeIsLinear is None and timeIsVector is None:
                        timeIsLinear = (referenceTime[0].lower().split() in
                                        ['hour',
                                         'hours',
                                         'minute',
                                         'minutes',
                                         'second',
                                         'seconds'])
                        if timeIsLinear and verbose:
                            print('Setting time representation to "linear"')  # '
                    if timeIsLinear and referenceDelta is None:
                        if len(vartime) > 1:
                            time1 = timeindex(
                                vartime[1], vartime.units, referenceTime, None, calendar)
                            time0 = timeindex(
                                vartime[0], vartime.units, referenceTime, None, calendar)
                            referenceDelta = time1 - time0
                        else:
                            referenceDelta = 1
                        if verbose:
                            print('Setting time delta to', referenceDelta)

#                    starttime = vartime[0]
#                    endtime = vartime[-1]
                    startindex = timeindex(
                        vartime[0],
                        vartime.units,
                        referenceTime,
                        referenceDelta,
                        calendar)
                    endindex = timeindex(
                        vartime[-1], vartime.units, referenceTime, referenceDelta, calendar)
                    if forecast:
                        # split on forecast, hence no split on time
                        varentry[0] = None
                        varentry[1] = None
                        referenceTime = None
                    else:
                        varentry[0] = startindex
                        varentry[1] = endindex
                    varentry[5] = vartime.id
                    varentry[7] = calendar

                    if (basepath, vartime.id) not in timedict:
                        values = vartime[:]
                        timedict[(basepath, vartime.id)] = (
                            values, vartime.units, calendar)

            if splitOnLevel:
                varlev = None
                if (levelid is not None) and (levelid in axisids):
                    varlev = f.axes.get(levelid)
                if varlev is None:
                    varlev = var.getLevel()
                if varlev is not None:
                    startlev = varlev[0]
                    if isinstance(startlev, numpy.ndarray):
                        startlev = startlev[0]
                    endlev = varlev[-1]
                    if isinstance(endlev, numpy.ndarray):
                        endlev = endlev[0]
                    varentry[2] = startlev
                    varentry[3] = endlev
                    varentry[6] = varlev.id

                    if (basepath, varlev.id, None) not in levdict:
                        values = varlev[:]
                        levdict[(basepath, varlev.id)] = (
                            values, varlev.units, None)

            if forecast:
                if (basepath, 'fctau0') not in fcdict:
                    fcdict[(basepath, 'fctau0')] = ([fctau0], "", None)

            if varname in filemap:
                filemap[varname].append(tuple(varentry))
            else:
                filemap[varname] = [tuple(varentry)]

            # Set boundsmap : varid => timebounds_id
            # was if splitOnTime and vartime is not None and hasattr(vartime,
            # "bounds") and not boundsmap.has_key(varname):
            if splitOnTime and vartime is not None and (vartime.getBounds() is not None) and\
                    varname not in boundsmap:
                boundsmap[varname] = vartime.bounds

            # End of loop "for varname in varnames"

        f.close()
        # End of loop "for path in fileargs"

    # ------------------------------------------------------------------------

    # Generate varindex, by combining variable names with
    # identical varentry values.
    varindex = []
#    varnames = sorted(filemap.keys())
    varnames = list(OrderedDict(sorted(filemap.items())).keys())

    for varname in varnames:
        varentry = sorted(filemap[varname])

        for varindexname, varindexvalue in varindex:
            if varentry == varindexvalue:
                varindexname.append(varname)
                break
        else:
            varindex.append(([varname], varentry))

    # If a variable is not a function of one of the partitioned dimensions,
    # no indexing is necessary: just read from the first file containing it.
    for varlist, slicelist in varindex:
        slice0 = slicelist[0]
        a, b, c, d, path0, timename, levname, calen, fctau0 = slice0
        if (a, b, c, d, fctau0) == (None, None, None, None, None):
            del slicelist[1:]

    # Change times to constant units
    sameCalendars = 1                   # True iff all time calendars are the same
    prevcal = None
    if forecast:
        # The data files' time axis is interpreted to be tau time, i.e. the forecast_period.
        # Find the axis, and remember it in timedict.
        for key in timedict.keys():
            values, units, calendar = timedict[key]
            if prevcal is not None and calendar != prevcal:
                sameCalendars = 0
            prevcal = calendar
            if units.find(" as ") == -1:
                time0 = cdtime.reltime(values[0], units)
            else:
                time0 = cdtime.abstime(values[0], units)
            offset = time0.torel(units, calendar).value  # normally will be 0
            values = values + offset - values[0]
            # Switch units from "normal" time such as "days since 2001-06-01"
            # to "basic" time such as "days", which makes sense for a
            # forecast_period.
            baslen = time0.units.find(' since ')
            basic_units = time0.units[0:baslen]  # e.g. 'days'
            fc_units = basic_units
            timedict[key] = (values, fc_units, calendar)
    else:       # splitOnTime is true
        for key in timedict.keys():
            values, units, calendar = timedict[key]
            if prevcal is not None and calendar != prevcal:
                sameCalendars = 0
            prevcal = calendar
            if units.find(" as ") == -1:
                time0 = cdtime.reltime(values[0], units)
            else:
                time0 = cdtime.abstime(values[0], units)
            offset = time0.torel(referenceTime, calendar).value
            values = values + offset - values[0]
            timedict[key] = (values, referenceTime, calendar)

    if sameCalendars and prevcal is not None:
        calenkey = reverseCalendarMap[calendar]

    if forecast:
        # For forecasts, make sure that the above has made all timedict values the same.
        # >>> It's conceivable that different forecasts will have different time (really, tau)
        # >>> axes.  If so, at this point we'll want to merge and mask all the time values, so
        # >>> that all variables can have the same time axis..  For now, just raise an error
        # >>> if there are time axis differences at this point.
        values0, units0, calendar0 = timedict[list(timedict.keys())[0]]

        timedict_same = all([((values0 == values1).all() and units0 == units1 and calendar0 == calendar1)
                             for (values1, units1, calendar1) in list(timedict.values())])
        if not timedict_same:
            raise CDMSError(
                'cdscan is confused about times for a forecast set')
        # Earlier we had saved all the time axis attributes.  Keep whatever
        # they have in common.
        fc_time_attr = fc_time_attrs[0]
        # go through all time attributes (each a dictionary)
        for fcta in fc_time_attrs:
            for attrn in fc_time_attr.keys():
                if attrn not in fcta:
                    # key attrn isn't in all time attributes
                    del fc_time_attr[attrn]
                elif fcta[attrn] != fc_time_attr[attrn]:
                    # not all time attributes have the same value for attrn
                    del fc_time_attr[attrn]
        # At this point fc_time_attr is the dictionary of those time attributes which are common to
        # all time axes encountered (in the context of a forecast dataset).
        # Finally, add the appropriate standard_name to it, if we haven't already gotten one from
        # the data file.  If the file has anything other than 'forecast_period', it's wrong, but
        # we'll stick with it anyway.
        if 'standard_name' not in fc_time_attr.keys():
            fc_time_attr['standard_name'] = 'forecast_period'

    # Create partitioned axes
    axes = []
    # varkey => (timeCoordToInd, levCoordToInd)
    masterCoordToInd = {}
    errorOccurred = 0
    for varlist, varentry in varindex:

        # Project time, level indices
        timeproj = {}
        levproj = {}
        fctproj = {}
        for time0, time1, lev0, lev1, path, timename, levname, calendar, fctau0 in varentry:
            if timename is not None:
                timeproj[(time0, time1)] = (path, timename)
            if levname is not None:
                try:
                    levproj[(lev0, lev1)] = (path, levname)
                except BaseException:
                    print('Cannot hash level %s range (%f,%f)' % (
                        levname, lev0, lev1), file=sys.stderr)
                    print(type(lev0), file=sys.stderr)
                    raise
            if fctau0 is not None:
                fctproj[(fctau0, fctau0)] = (path, 'fctau0')

        # and combine the projected indices into axes
        timeCoordToInd = None
        timelinCoordToInd = None
        if splitOnTime and timename is not None:
            fullaxis, name, partition, timeCoordToInd, units, opartition, timelinCoordToInd, errflag = \
                combineKeys(timeproj, timedict, timeIsLinear, referenceDelta)
            axes.append((varlist, fullaxis, name, partition, timeCoordToInd, units, opartition,
                         timelinCoordToInd, calendar))
            if errflag:
                errorOccurred = 1
        levCoordToInd = None
        if splitOnLevel and levname is not None:
            fullaxis, name, partition, levCoordToInd, units, opartition, levlinCoordToInd, errflag = \
                combineKeys(levproj, levdict)
            axes.append(
                (varlist,
                 fullaxis,
                 name,
                 partition,
                 levCoordToInd,
                 units,
                 opartition,
                 levlinCoordToInd,
                 None))
            if errflag:
                errorOccurred = 1
        fcCoordToInd = None
        if forecast:
            fullaxis, name, partition, fcCoordToInd, units, opartition, fclinCoordToInd, errflag = \
                combineKeys(fctproj, fcdict, forecast=forecast)
            axes.append(
                (varlist,
                 fullaxis,
                 name,
                 partition,
                 fcCoordToInd,
                 units,
                 opartition,
                 fclinCoordToInd,
                 None))
            if errflag:
                errorOccurred = 1
            # i.e., if time is in this variable's domain.
            if len(timeproj) > 0:
                # The useKeys call is like combineKeys, except that it's for a variable not partitioned
                # among files.  It just sets up axis data and (in the context of this variable loop)
                # propagates what's in timedict to every variable with time in
                # its domain.
                fullaxis, name, partition, timeCoordToInd, units, opartition, timelinCoordToInd, errflag = \
                    useKeys(timeproj, timedict, timeIsLinear, referenceDelta)
                axes.append((varlist, fullaxis, name, partition, timeCoordToInd, units, opartition,
                             timelinCoordToInd, calendar))
                if errflag:
                    errorOccurred = 1

        masterCoordToInd[varlist[0]] = (
            timeCoordToInd, levCoordToInd, timelinCoordToInd, fcCoordToInd)

    if errorOccurred:
        raise RuntimeError(
            'Error(s) determining axis values - see previous message(s)')

    # Eliminate duplicate axes
    axes2 = []
    for vlist1, axis1, name1, partition1, coordToInd1, units1, opartition1, linCoordToInd1, calen1 in axes:
        for vlist2, axis2, name2, partition2, coordToInd2, units2, opartition2, linCoordToInd2, calen2 in axes2:
            if len(axis1) == len(axis2) and name1 == name2 and partition1 == partition2 and units1 == units2 and \
                    numpy.ma.allclose(axis1, axis2) == 1 and calen1 == calen2:
                vlist2.extend(vlist1)
                break
        else:
            axes2.append((copy.copy(vlist1), axis1, name1, partition1, coordToInd1, units1, opartition1,
                          linCoordToInd1, calen1))

    # For each axis described by axis2, disambiguate its name, create the axis
    # object, etc.
    assignedBounds = {}
    for vlist, axis, name, partition, coordToInd, units, opartition, linCoordToInd, calendar in axes2:
        # print vlist, coordToInd
        uniqname = disambig(name, axisdict, len(axis), compareaxes, axis)
        axisobj = cdms2.createAxis(axis)
        axisobj.name_in_file = name
        axisobj.id = uniqname
        axisobj.units = units
        # For forecasts, give the time axis some saved attributes.
        if forecast and axisobj.isTime():
            for attr in fc_time_attr.keys():
                if not hasattr(axisobj, attr):
                    setattr(axisobj, attr, fc_time_attr[attr])
        if timeIsLinear and axisobj.isTime():
            axisobj.partition = numpy.ma.ravel(numpy.ma.array(opartition))
            axisobj.length = axisobj.partition[-1] - axisobj.partition[0]
            mopartition = numpy.array(opartition)
            partition_length = numpy.sum(mopartition[:, 1] - mopartition[:, 0])
            if partition_length < axisobj.length:
                axisobj.partition_length = partition_length
        elif partition is not None:
            axisobj.partition = numpy.ma.ravel(numpy.ma.array(partition))
        if axisobj.isTime():
            axisobj.calendar = reverseCalendarMap[calendar]
        # axisobj.reference_partition = str(numpy.ma.ravel(numpy.ma.array(opartition)))
        if uniqname not in axisdict:
            axisdict[uniqname] = axisobj
        for varname in vlist:
            domain, attributes, tcode = vardict[varname]
            for i in range(len(domain)):
                item = domain[i]
                if isinstance(item, string_types) and item == name:
                    domain[i] = axisobj

        # Add bounds variables to vardict, varindex
        if axisobj.isTime():
            # 'Representative' variable having this time axis
            reprVar = vlist[0]
            if reprVar in boundsmap:
                boundsname = boundsmap[reprVar]
                boundsinfo = boundsdict[boundsname]
                boundsattrs = boundsinfo[1]
                if uniqname != name:
                    boundsattrs['name_in_file'] = boundsname
                    boundsname = uniqname + '_bnds'
                if boundsname not in assignedBounds:
                    axisobj.bounds = boundsname
                    for varids, ranges in varindex:
                        if reprVar in varids:
                            varids.append(boundsname)
                    tmpdom = boundsinfo[0]
                    if isinstance(tmpdom[1], string_types):
                        bndsobj = tmpdom[0]
                        boundsdomain = (bndsobj, axisobj)
                    else:
                        bndsobj = tmpdom[1]
                        boundsdomain = (axisobj, bndsobj)
                    vardict[boundsname] = (
                        boundsdomain, boundsinfo[1], boundsinfo[2])
                    assignedBounds[boundsname] = 1

    # Collapse like indices in filemap. For example, transform
    # [x,[[0,10,-,-,file1], [0,10,-,-,file2]]] into
    # [x,[[0,10,-,-,file1]]]
    # This occurs for variables such as time boundaries, which are
    # often duplicated in different files.
    cdms_filemap_list = []
    duplicatevars = {}
    for varindexname, varindexvalue in varindex:
        timeCoordToInd, levCoordToInd, linCoordToInd, fcCoordToInd = masterCoordToInd[
            varindexname[0]]
        newslicedict = {}
        for time0, time1, lev0, lev1, path, timename, levname, calendar, fctau0 in varindexvalue:
            if timeCoordToInd is not None:
                if timeIsLinear:
                    i0, i1 = linCoordToInd[(time0, time1)]
                else:
                    i0, i1 = timeCoordToInd[(time0, time1)]
            else:
                i0 = i1 = None
            if levCoordToInd is not None:
                j0, j1 = levCoordToInd[(lev0, lev1)]
            else:
                j0 = j1 = None
            if (i0, i1, j0, j1, fctau0) in newslicedict:
                currentpath = newslicedict[(i0, i1, j0, j1, fctau0)]
                if tuple(varindexname) not in duplicatevars:
                    duplicatevars[tuple(varindexname)] = (currentpath, path)
            else:
                newslicedict[(i0, i1, j0, j1, fctau0)] = path
#        keys = sorted(newslicedict.keys())
        keys = list(OrderedDict(sorted(newslicedict.items())).keys())

        newslicelist = []
        for i0, i1, j0, j1, fctau0 in keys:
            path = newslicedict[(i0, i1, j0, j1, fctau0)]
            newslicelist.append([i0, i1, j0, j1, fctau0, path])
        cdms_filemap_list.append([varindexname, newslicelist])

    # Check if any duplicated variables are a function of longitude or latitude.
    # Raise an exception if so.
    illegalvars = []
    for varlist in duplicatevars.keys():
        for varname in varlist:
            if (excludeList is not None) and (varname in excludeList):
                continue
            dom, attrs, tcode = vardict[varname]
            for axisobj in dom:
                if axisobj.isLatitude() or axisobj.isLongitude():
                    path1, path2 = duplicatevars[varlist]
                    illegalvars.append((varname, path1, path2))
    if len(illegalvars) > 0:
        raise RuntimeError(
            "Variable '%s' is duplicated, and is a function of lat or lon: files %s, %s" %
            illegalvars[0])

    if verbose and len(list(duplicatevars.values())) > 0:
        print('Duplicate variables:', file=sys.stderr)
        for varlist in duplicatevars.keys():
            path1, path2 = duplicatevars[varlist]
            print('\t', varlist, '\t', path1, '\t', path2, file=sys.stderr)

    # Generate the cdms_filemap attribute
    cdms_filemap = str(cdms_filemap_list)
    cdms_filemap = cdms_filemap.replace(' ', '')
    cdms_filemap = cdms_filemap.replace('None', '-')
    cdms_filemap = cdms_filemap.replace('"', '')  # "
    cdms_filemap = cdms_filemap.replace("'", '')

    # Dump to XML
    datasetnode = cdmsNode.DatasetNode(datasetid)
    global_attrs['cdms_filemap'] = cdms_filemap
    global_attrs['directory'] = directory
    if sameCalendars and calenkey is not None:
        global_attrs['calendar'] = calenkey
    elif 'calendar' in global_attrs:
        del global_attrs['calendar']
    cleanupAttrs(global_attrs)
    # datasetnode.setExternalDict(global_attrs)
    setNodeDict(datasetnode, global_attrs)
    validateAttrs(datasetnode)

    timeWasOverridden = 0
    keys = list(OrderedDict(sorted(axisdict.items())).keys())
    for key in keys:
        axis = axisdict[key]
        tcode = axis.typecode()
        if tcode in [numpy.float32, numpy.float, numpy.int16,
                     numpy.int32, numpy.int, numpy.intc, numpy.int8]:
            tcode = numpy.sctype2char(tcode)
        cdtype = cdmsNode.NumericToCdType[tcode]
        node = cdmsNode.AxisNode(axis.id, len(axis), cdtype)

        # Override the time axis as a linear axis
        if axis.isTime() and (overrideTimeLinear is not None):
            ttzero = overrideTimeLinear[0]
            ttdelta = overrideTimeLinear[1]
            axis.units = overrideTimeLinear[2]
            if overrideTimeLinear[3] is None:
                axis.calendar = reverseCalendarMap[axis.getCalendar()]
            else:
                axis.calendar = overrideTimeLinear[3]
            linearnode = cdmsNode.LinearDataNode(ttzero, ttdelta, len(axis))
            node.setLinearData(linearnode)
            if verbose:
                if timeWasOverridden == 0:
                    print("Overriding values for axis '%s'" % axis.id)
                else:
                    print(
                        'Warning, overriding more than one time axis (%s)' %
                        axis.id, file=sys.stderr)
            timeWasOverridden = 1

        # Represent time as linear axis using time values in the file
        elif axis.isTime() and timeIsLinear:
            reference_length = axis.partition[-1] - axis.partition[0]
            linearnode = cdmsNode.LinearDataNode(
                axis[0], referenceDelta, reference_length)
            node.setLinearData(linearnode)
        else:
            try:
                node.setData(axis[:])
            except cdms2.cdmsNode.NotMonotonicError:
                if verbose:
                    print('Warning: Axis values for axis %s are not monotonic:' % axis.id, axis[
                        :], file=sys.stderr)
                    print('Warning: Resetting axis %s values to:' % axis.id, numpy.arange(
                        len(axis)), file=sys.stderr)
                node.setData(numpy.arange(len(axis)))
        axisattrs = copyDict(axis.attributes)

        # Make sure that new axes have attribute mods
        if key in extraDict:
            for eattr, evalue in extraDict[key]:
                axisattrs[eattr] = evalue
        cleanupAttrs(axisattrs)
        # node.setExternalDict(axisattrs)
        setNodeDict(node, axisattrs)
        validateAttrs(node)
        datasetnode.addId(axis.id, node)

#    keys = sorted(vardict.keys())
#    keys = vardict.keys()
#    keys = list(keys).sort()
    keys = list(OrderedDict(sorted(vardict.items())).keys())
    for key in keys:
        if (includeList is not None) and (key not in includeList):
            continue
        if (excludeList is not None) and (key in excludeList):
            continue
        domain, attrs, tcode = vardict[key]
        if tcode in [numpy.float32, numpy.float, numpy.int16,
                     numpy.int32, numpy.int, numpy.intc, numpy.int8]:
            tcode = numpy.sctype2char(tcode)
        domainNode = cdmsNode.DomainNode()
        cdtype = cdmsNode.NumericToCdType[tcode]
        node = cdmsNode.VariableNode(key, cdtype, domainNode)
        cleanupAttrs(attrs)
        # node.setExternalDict(attrs)
        setNodeDict(node, attrs)
        validateAttrs(node)
        for axis in domain:
            if hasattr(axis, 'length'):
                length = axis.length
            else:
                length = len(axis)
            try:
                elemnode = cdmsNode.DomElemNode(axis.id, 0, length)
            except AttributeError:
                print('Axis %s for variable %s does not have attribute "id"' % (
                    repr(axis), key), file=sys.stderr)
            if hasattr(axis, 'partition_length'):
                elemnode.setExternalAttr(
                    'partition_length', axis.partition_length)
            domainNode.add(elemnode)
        datasetnode.addId(key, node)

    # Add the Conventions attribute if not present
    conventions = datasetnode.getExternalAttr('Conventions')
    if conventions is None:
        datasetnode.setExternalAttr('Conventions', '')
    if templatestr is not None:
        datasetnode.setExternalAttr('template', templatestr)

    # Add/modify history
    history = datasetnode.getExternalAttr('history')
    if history is None:
        history = ""
    stringargv = reduce(lambda x, y: x + ' ' + y, argv)
    stringtime = "\n[%s] " % timestamp()
    if len(stringargv) <= 256:
        history += stringtime + stringargv
    else:
        history += stringtime + stringargv[:256] + " ..."
    datasetnode.setExternalAttr('history', history)

    # datasetnode.validate()
    if writeToStdout:
        datasetnode.dump()
    else:
        datasetnode.dump(xmlpath)
        if verbose:
            print(xmlpath, 'written')



# ------------------------------------------------------------------------
if __name__ == '__main__':
    main(sys.argv)
    try:
        from mpi4py import MPI
        comm = MPI.Comm.Get_parent()
        comm.send('done', dest=0)
    except BaseException:
        pass
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  Source code for cdms2.cdurllib

"""Customized URLopener"""

from __future__ import print_function
import urllib.request
import urllib.parse
import urllib.error
import getpass
import socket
import string
import os

MAXFTPCACHE = 10        # Trim the ftp cache beyond this size


[docs]class CDURLopener(urllib.request.URLopener):

    def __init__(self, proxies=None):
        urllib.request.URLopener.__init__(self, proxies)
        self._userObject = None

    # Attach an object to be returned with callbacks
[docs]    def setUserObject(self, userObject):
        """
        """
        self._userObject = userObject


    # Use FTP protocol
[docs]    def open_ftp(self, url):
        """
        """
        host, path = urllib.parse.splithost(url)
        if not host:
            raise IOError('ftp error', 'no host given')
        host, port = urllib.parse.splitport(host)
        user, host = urllib.parse.splituser(host)
        # if user: user, passwd = splitpasswd(user)
        if user:
            passwd = getpass.getpass()
        else:
            passwd = None
        host = urllib.parse.unquote(host)
        user = urllib.parse.unquote(user or '')
        passwd = urllib.parse.unquote(passwd or '')
        host = socket.gethostbyname(host)
        if not port:
            import ftplib
            port = ftplib.FTP_PORT
        else:
            port = int(port)
        path, attrs = urllib.parse.splitattr(path)
        path = urllib.parse.unquote(path)
        dirs = string.splitfields(path, '/')
        dirs, file = dirs[:-1], dirs[-1]
        if dirs and not dirs[0]:
            dirs = dirs[1:]
        key = (user, host, port, string.joinfields(dirs, '/'))
        # XXX thread unsafe!
        if len(self.ftpcache) > MAXFTPCACHE:
            # Prune the cache, rather arbitrarily
            for k in list(self.ftpcache.keys()):
                if k != key:
                    v = self.ftpcache[k]
                    del self.ftpcache[k]
                    v.close()
        try:
            if key not in self.ftpcache:
                print('Creating ftpwrapper: ', user, host, port, dirs)
                self.ftpcache[key] = \
                    urllib.ftpwrapper(user, passwd, host, port, dirs)
            if not file:
                type = 'D'
            else:
                type = 'I'
            for attr in attrs:
                attr, value = urllib.parse.splitvalue(attr)
                if string.lower(attr) == 'type' and \
                   value in ('a', 'A', 'i', 'I', 'd', 'D'):
                    type = string.upper(value)
            (fp, retrlen) = self.ftpcache[key].retrfile(file, type)
            if retrlen is not None and retrlen >= 0:
                import mimetools
                import io
                headers = mimetools.Message(io.StringIO(
                    'Content-Length: %d\n' % retrlen))
            else:
                headers = ""
            return urllib.addinfourl(fp, headers, "ftp:" + url)
        except urllib.ftperrors() as msg:
            raise IOError('ftp error', msg).with_traceback(sys.exc_info()[2])


[docs]    def retrieve(self, url, filename=None, reporthook=None, blocksize=262144):
        """
        """
        url = urllib.unwrap(url)
        if self.tempcache and url in self.tempcache:
            return self.tempcache[url]
        type, url1 = urllib.parse.splittype(url)
        if not filename and (not type or type == 'file'):
            try:
                fp = self.open_local_file(url1)
                fp.info()
                del fp
#                return url2pathname(urllib.parse.splithost(url1)[1]), hdrs
            except IOError:
                pass
        fp = self.open(url)
        headers = fp.info()
        if not filename:
            import tempfile
            garbage, path = urllib.parse.splittype(url)
            garbage, path = urllib.parse.splithost(path or "")
            path, garbage = urllib.parse.splitquery(path or "")
            path, garbage = urllib.parse.splitattr(path or "")
            suffix = os.path.splitext(path)[1]
            filename = tempfile.mktemp(suffix)
            self.__tempfiles.append(filename)
        result = filename, headers
        if self.tempcache is not None:
            self.tempcache[url] = result
        tfp = open(filename, 'wb')
        bs = blocksize
        size = -1
        blocknum = 1
        if reporthook:
            if "content-length" in headers:
                size = int(headers["Content-Length"])
            stayopen = reporthook(0, bs, size, self._userObject)
            if stayopen == 0:
                raise KeyboardInterrupt
        bytesread = 0
        block = fp.read(bs)
        if reporthook:
            stayopen = reporthook(1, bs, size, self._userObject)
            if stayopen == 0:
                raise KeyboardInterrupt
        while block:
            tfp.write(block)
            bytesread = bytesread + len(block)
# print blocknum, bytesread, size,
# if blocknum*blocksize!=bytesread:
# print ' (*)'
# else:
# print
            if block and reporthook:
                stayopen = reporthook(blocknum, bs, size, self._userObject)
                if stayopen == 0:
                    raise KeyboardInterrupt
            blocknum = blocknum + 1
            block = fp.read(bs)
        # fp.close()
        tfp.close()
        del fp
        del tfp
        return result




[docs]def sampleReportHook(blocknum, blocksize, size, userObj):
    sizekb = size / 1024
    percent = min(100, int(100.0 * float(blocknum * blocksize) / float(size)))
    print("Read: %3d%% of %dK" % (percent, sizekb))
    return 1



if __name__ == '__main__':

    import sys
    if len(sys.argv) != 4:
        print('Usage: cdurllib.py URL filename blocksize')
        sys.exit(1)

    url = sys.argv[1]
    filename = sys.argv[2]
    blocksize = int(sys.argv[3])

    urlopener = CDURLopener()
    fname, headers = urlopener.retrieve(
        url, filename, sampleReportHook, blocksize)
    print(fname, 'written')
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  Source code for cdms2.cdurlparse

"""
Parse (absolute and relative) URLs.  See RFC 1808: "Relative Uniform
Resource Locators", by R. Fielding, UC Irvine, June 1995.
"""

from __future__ import print_function
# Standard/builtin Python modules
import string

# A classification of schemes ('' means apply by default)
uses_relative = ['ftp', 'http', 'ldap', 'gopher', 'nntp', 'wais', 'file',
                 'https', 'shttp',
                 'prospero', '']
uses_netloc = ['ftp', 'http', 'ldap', 'gopher', 'nntp', 'telnet', 'wais',
               'file',
               'https', 'shttp', 'snews',
               'prospero', '']
non_hierarchical = ['gopher', 'hdl', 'mailto', 'news', 'telnet', 'wais',
                    'snews',
                    ]
uses_params = ['ftp', 'hdl', 'prospero', 'http', 'ldap',
               'https', 'shttp',
               '']
uses_query = ['http', 'ldap', 'wais',
              'https', 'shttp',
              'gopher',
              '']
uses_fragment = ['ftp', 'hdl', 'http', 'ldap', 'gopher', 'news', 'nntp', 'wais',
                 'https', 'shttp', 'snews',
                 'file', 'prospero', '']

# Characters valid in scheme names
scheme_chars = string.ascii_letters + string.digits + '+-.'

MAX_CACHE_SIZE = 20
_parse_cache = {}


[docs]def clear_cache():
    """Clear the parse cache."""
    global _parse_cache
    _parse_cache = {}



# Parse a URL into 6 components:
# <scheme>://<netloc>/<path>;<params>?<query>#<fragment>
# Return a 6-tuple: (scheme, netloc, path, params, query, fragment).
# Note that we don't break the components up in smaller bits
# (e.g. netloc is a single string) and we don't expand % escapes.
[docs]def urlparse(url, scheme='', allow_fragments=1):
    key = url, scheme, allow_fragments
    cached = _parse_cache.get(key, None)
    if cached:
        return cached
    if len(_parse_cache) >= MAX_CACHE_SIZE:  # avoid runaway growth
        clear_cache()
    netloc = params = query = fragment = ''
    i = url.find(':')
    if i > 0:
        if url[:i] in ['http', 'ldap']:  # optimize the common case
            scheme = string.lower(url[:i])
            url = url[i + 1:]
            if url[:2] == '//':
                i = url.find('/', 2)
                if i < 0:
                    i = len(url)
                netloc = url[2:i]
                url = url[i:]
            if allow_fragments:
                i = url.rfind('#')
                if i >= 0:
                    fragment = url[i + 1:]
                    url = url[:i]
            i = url.find('?')
            if i >= 0:
                query = url[i + 1:]
                url = url[:i]
            i = url.find(';')
            if i >= 0:
                params = url[i + 1:]
                url = url[:i]
            tuple = scheme, netloc, url, params, query, fragment
            _parse_cache[key] = tuple
            return tuple
        for c in url[:i]:
            if c not in scheme_chars:
                break
        else:
            scheme, url = string.lower(url[:i]), url[i + 1:]
    if scheme in uses_netloc:
        if url[:2] == '//':
            i = url.find('/', 2)
            if i < 0:
                i = len(url)
            netloc, url = url[2:i], url[i:]
    if allow_fragments and scheme in uses_fragment:
        i = url.rfind('#')
        if i >= 0:
            url, fragment = url[:i], url[i + 1:]
    if scheme in uses_query:
        i = url.find('?')
        if i >= 0:
            url, query = url[:i], url[i + 1:]
    if scheme in uses_params:
        i = url.find(';')
        if i >= 0:
            url, params = url[:i], url[i + 1:]
    tuple = scheme, netloc, url, params, query, fragment
    _parse_cache[key] = tuple
    return tuple


# Put a parsed URL back together again.  This may result in a slightly
# different, but equivalent URL, if the URL that was parsed originally
# had redundant delimiters, e.g. a ? with an empty query (the draft
# states that these are equivalent).


[docs]def urlunparse(xxx_todo_changeme):
    (scheme, netloc, url, params, query, fragment) = xxx_todo_changeme
    if netloc or (scheme in uses_netloc and url[:2] == '//'):
        if url[:1] != '/':
            url = '/' + url
        url = '//' + (netloc or '') + url
    if scheme:
        url = scheme + ':' + url
    if params:
        url = url + ';' + params
    if query:
        url = url + '?' + query
    if fragment:
        url = url + '#' + fragment
    return url


# Join a base URL and a possibly relative URL to form an absolute
# interpretation of the latter.


[docs]def urljoin(base, url, allow_fragments=1):
    if not base:
        return url
    bscheme, bnetloc, bpath, bparams, bquery, bfragment = \
        urlparse(base, '', allow_fragments)
    scheme, netloc, path, params, query, fragment = \
        urlparse(url, bscheme, allow_fragments)
    if scheme != bscheme or scheme not in uses_relative:
        return urlunparse((scheme, netloc, path,
                           params, query, fragment))
    if scheme in uses_netloc:
        if netloc:
            return urlunparse((scheme, netloc, path,
                               params, query, fragment))
        netloc = bnetloc
    if path[:1] == '/':
        return urlunparse((scheme, netloc, path,
                           params, query, fragment))
    if not path:
        return urlunparse((scheme, netloc, bpath,
                           params, query or bquery, fragment))
    i = bpath.rfind('/')
    if i >= 0:
        path = bpath[:i] + '/' + path
    segments = path.split('/')
    if segments[-1] == '.':
        segments[-1] = ''
    while '.' in segments:
        segments.remove('.')
    while True:
        i = 1
        n = len(segments) - 1
        while i < n:
            if segments[i] == '..' and segments[i - 1]:
                del segments[i - 1:i + 1]
                break
            i = i + 1
        else:
            break
    if len(segments) == 2 and segments[1] == '..' and segments[0] == '':
        segments[-1] = ''
    elif len(segments) >= 2 and segments[-1] == '..':
        segments[-2:] = ['']
    return urlunparse((scheme, netloc, "/".join(segments),
                       params, query, fragment))



[docs]def urldefrag(url):
    """Removes any existing fragment from URL.

    Returns
    -------

       a tuple of the defragmented URL and the fragment.
       If the URL contained no fragments, the second element is the empty string.
    """
    s, n, p, a, q, frag = urlparse(url)
    defrag = urlunparse((s, n, p, a, q, ''))
    return defrag, frag



test_input = """
      http://a/b/c/d

      g:h        = <URL:g:h>
      http:g     = <URL:http://a/b/c/g>
      http:      = <URL:http://a/b/c/d>
      g          = <URL:http://a/b/c/g>
      ./g        = <URL:http://a/b/c/g>
      g/         = <URL:http://a/b/c/g/>
      /g         = <URL:http://a/g>
      //g        = <URL:http://g>
      ?y         = <URL:http://a/b/c/d?y>
      g?y        = <URL:http://a/b/c/g?y>
      g?y/./x    = <URL:http://a/b/c/g?y/./x>
      .          = <URL:http://a/b/c/>
      ./         = <URL:http://a/b/c/>
      ..         = <URL:http://a/b/>
      ../        = <URL:http://a/b/>
      ../g       = <URL:http://a/b/g>
      ../..      = <URL:http://a/>
      ../../g    = <URL:http://a/g>
      ../../../g = <URL:http://a/../g>
      ./../g     = <URL:http://a/b/g>
      ./g/.      = <URL:http://a/b/c/g/>
      /./g       = <URL:http://a/./g>
      g/./h      = <URL:http://a/b/c/g/h>
      g/../h     = <URL:http://a/b/c/h>
      http:g     = <URL:http://a/b/c/g>
      http:      = <URL:http://a/b/c/d>
      http:?y         = <URL:http://a/b/c/d?y>
      http:g?y        = <URL:http://a/b/c/g?y>
      http:g?y/./x    = <URL:http://a/b/c/g?y/./x>
"""
# XXX The result for //g is actually http://g/; is this a problem?


[docs]def test():
    import sys
    base = ''
    if sys.argv[1:]:
        fn = sys.argv[1]
        if fn == '-':
            fp = sys.stdin
        else:
            fp = open(fn)
    else:
        import io
        fp = io.StringIO(test_input)
    while True:
        line = fp.readline()
        if not line:
            break
        words = string.split(line)
        if not words:
            continue
        url = words[0]
        parts = urlparse(url)
        print('%-10s : %s' % (url, parts))
        abs = urljoin(base, url)
        if not base:
            base = abs
        wrapped = '<URL:%s>' % abs
        print('%-10s = %s' % (url, wrapped))
        if len(words) == 3 and words[1] == '=':
            if wrapped != words[2]:
                print('EXPECTED', words[2], '!!!!!!!!!!')



if __name__ == '__main__':
    test()
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  Source code for cdms2.cdxmllib

"""A parser for XML, using the derived class as static DTD."""

# Author: Sjoerd Mullender.

from __future__ import print_function
from future.builtins import bytes
import re
# import bytes

# import warnings
# warnings.warn("The xmllib module is obsolete.  Use xml.sax instead.",
#              DeprecationWarning)
# del warnings

version = '0.3'


[docs]class Error(RuntimeError):
    pass


# Regular expressions used for parsing


_S = '[ \t\r\n]+'                       # white space
_opS = '[ \t\r\n]*'                     # optional white space
_Name = '[a-zA-Z_:][-a-zA-Z0-9._:]*'    # valid XML name
_QStr = "(?:'[^']*'|\"[^\"]*\")"        # quoted XML string
illegal = re.compile('[^\t\r\n -\176\240-\377]')  # illegal chars in content
interesting = re.compile('[]&<]')

amp = re.compile('&')
ref = re.compile('&(' + _Name + '|#[0-9]+|#x[0-9a-fA-F]+)[^-a-zA-Z0-9._:]')
entityref = re.compile('&(?P<name>' + _Name + ')[^-a-zA-Z0-9._:]')
charref = re.compile('&#(?P<char>[0-9]+[^0-9]|x[0-9a-fA-F]+[^0-9a-fA-F])')
space = re.compile(_S + '$')
newline = re.compile('\n')

attrfind = re.compile(_S + '(?P<name>' + _Name + ')' '(' + _opS + '=' + _opS +
                           '(?P<value>' + _QStr + '|[-a-zA-Z0-9.:+*%?!\(\)_#=~]+))?')
starttagopen = re.compile('<' + _Name)
starttagend = re.compile(_opS + '(?P<slash>/?)>')
starttagmatch = re.compile('<(?P<tagname>' + _Name + ')'
                           '(?P<attrs>(?:' + attrfind.pattern + ')*)' +
                           starttagend.pattern)
endtagopen = re.compile('</')
endbracket = re.compile(_opS + '>')
endbracketfind = re.compile('(?:[^>\'"]|' + _QStr + ')*>')
tagfind = re.compile(_Name)
cdataopen = re.compile(r'<!\[CDATA\[')
cdataclose = re.compile(r'\]\]>')
# this matches one of the following:
# SYSTEM SystemLiteral
# PUBLIC PubidLiteral SystemLiteral
_SystemLiteral = '(?P<%s>' + _QStr + ')'
_PublicLiteral = '(?P<%s>"[-\'\(\)+,./:=?;!*#@$_%% \n\ra-zA-Z0-9]*"|' \
    "'[-\(\)+,./:=?;!*#@$_%% \n\ra-zA-Z0-9]*')"
_ExternalId = '(?:SYSTEM|' \
    'PUBLIC' + _S + _PublicLiteral % 'pubid' + \
              ')' + _S + _SystemLiteral % 'syslit'
doctype = re.compile('<!DOCTYPE' + _S + '(?P<name>' + _Name + ')'
                     '(?:' + _S + _ExternalId + ')?' + _opS)
xmldecl = re.compile('<\?xml' + _S +
                     'version' + _opS + '=' + _opS + '(?P<version>' + _QStr + ')' +
                     '(?:' + _S + 'encoding' + _opS + '=' + _opS +
                     "(?P<encoding>'[A-Za-z][-A-Za-z0-9._]*'|"
                     '"[A-Za-z][-A-Za-z0-9._]*"))?'
                     '(?:' + _S + 'standalone' + _opS + '=' + _opS +
                     '(?P<standalone>\'(?:yes|no)\'|"(?:yes|no)"))?' +
                     _opS + '\?>')
procopen = re.compile(r'<\?(?P<proc>' + _Name + ')' + _opS)
procclose = re.compile(_opS + r'\?>')
commentopen = re.compile('<!--')
commentclose = re.compile('-->')
doubledash = re.compile('--')
attrtrans = bytes.maketrans(b' \r\n\t', b'    ')

# definitions for XML namespaces
_NCName = '[a-zA-Z_][-a-zA-Z0-9._]*'    # XML Name, minus the ":"
ncname = re.compile(_NCName + '$')
qname = re.compile('(?:(?P<prefix>' + _NCName + '):)?'  # optional prefix
                   '(?P<local>' + _NCName + ')$')

xmlns = re.compile('xmlns(?::(?P<ncname>' + _NCName + '))?$')

# XML parser base class -- find tags and call handler functions.
# Usage: p = XMLParser(); p.feed(data); ...; p.close().
# The dtd is defined by deriving a class which defines methods with
# special names to handle tags: start_foo and end_foo to handle <foo>
# and </foo>, respectively.  The data between tags is passed to the
# parser by calling self.handle_data() with some data as argument (the
# data may be split up in arbitrary chunks).


[docs]class XMLParser:
    attributes = {}                     # default, to be overridden
    elements = {}                       # default, to be overridden

    # parsing options, settable using keyword args in __init__
    __accept_unquoted_attributes = 0
    __accept_missing_endtag_name = 0
    __map_case = 0
    __accept_utf8 = 0
    __translate_attribute_references = 1

    # Interface -- initialize and reset this instance
    def __init__(self, **kw):
        self.__fixed = 0
        if 'accept_unquoted_attributes' in kw:
            self.__accept_unquoted_attributes = kw['accept_unquoted_attributes']
        if 'accept_missing_endtag_name' in kw:
            self.__accept_missing_endtag_name = kw['accept_missing_endtag_name']
        if 'map_case' in kw:
            self.__map_case = kw['map_case']
        if 'accept_utf8' in kw:
            self.__accept_utf8 = kw['accept_utf8']
        if 'translate_attribute_references' in kw:
            self.__translate_attribute_references = kw['translate_attribute_references']
        self.reset()

    def __fixelements(self):
        self.__fixed = 1
        self.elements = {}
        self.__fixdict(self.__dict__)
        self.__fixclass(self.__class__)

    def __fixclass(self, kl):
        self.__fixdict(kl.__dict__)
        for k in kl.__bases__:
            self.__fixclass(k)

    def __fixdict(self, dict):
        for key in list(dict.keys()):
            if key[:6] == 'start_':
                tag = key[6:]
                start, end = self.elements.get(tag, (None, None))
                if start is None:
                    self.elements[tag] = getattr(self, key), end
            elif key[:4] == 'end_':
                tag = key[4:]
                start, end = self.elements.get(tag, (None, None))
                if end is None:
                    self.elements[tag] = start, getattr(self, key)

    # Interface -- reset this instance.  Loses all unprocessed data
[docs]    def reset(self):
        """
        Reset this instance.  Loses all unprocessed data
        """
        self.rawdata = ''
        self.stack = []
        self.nomoretags = 0
        self.literal = 0
        self.lineno = 1
        self.__at_start = 1
        self.__seen_doctype = None
        self.__seen_starttag = 0
        self.__use_namespaces = 0
        self.__namespaces = {'xml': None}   # xml is implicitly declared
        # backward compatibility hack: if elements not overridden,
        # fill it in ourselves
        if self.elements is XMLParser.elements:
            self.__fixelements()


    # For derived classes only -- enter literal mode (CDATA) till EOF
[docs]    def setnomoretags(self):
        self.nomoretags = self.literal = 1


    # For derived classes only -- enter literal mode (CDATA)
[docs]    def setliteral(self, *args):
        self.literal = 1


    # Interface -- feed some data to the parser.  Call this as
    # often as you want, with as little or as much text as you
    # want (may include '\n').  (This just saves the text, all the
    # processing is done by goahead().)
[docs]    def feed(self, data):
        self.rawdata = self.rawdata + data
        self.goahead(0)


    # Interface -- handle the remaining data
[docs]    def close(self):
        self.goahead(1)
        if self.__fixed:
            self.__fixed = 0
            # remove self.elements so that we don't leak
            del self.elements


    # Interface -- translate references
[docs]    def translate_references(self, data, all=1):
        if not self.__translate_attribute_references:
            return data
        i = 0
        while True:
            res = amp.search(data, i)
            if res is None:
                return data
            s = res.start(0)
            res = ref.match(data, s)
            if res is None:
                self.syntax_error("bogus `&'")
                i = s + 1
                continue
            i = res.end(0)
            str = res.group(1)
            rescan = 0
            if str[0] == '#':
                if str[1] == 'x':
                    str = chr(int(str[2:], 16))
                else:
                    str = chr(int(str[1:]))
                if data[i - 1] != ';':
                    self.syntax_error("`;' missing after char reference")
                    i = i - 1
            elif all:
                if str in self.entitydefs:
                    str = self.entitydefs[str]
                    rescan = 1
                elif data[i - 1] != ';':
                    self.syntax_error("bogus `&'")
                    i = s + 1  # just past the &
                    continue
                else:
                    self.syntax_error(
                        "reference to unknown entity `&%s;'" % str)
                    str = '&' + str + ';'
            elif data[i - 1] != ';':
                self.syntax_error("bogus `&'")
                i = s + 1  # just past the &
                continue

            # when we get here, str contains the translated text and i points
            # to the end of the string that is to be replaced
            data = data[:s] + str + data[i:]
            if rescan:
                i = s
            else:
                i = s + len(str)


    # Interface - return a dictionary of all namespaces currently valid
[docs]    def getnamespace(self):
        nsdict = {}
        for t, d, nst in self.stack:
            nsdict.update(d)
        return nsdict


    # Internal -- handle data as far as reasonable.  May leave state
    # and data to be processed by a subsequent call.  If 'end' is
    # true, force handling all data as if followed by EOF marker.
[docs]    def goahead(self, end):
        rawdata = self.rawdata
        i = 0
        n = len(rawdata)
        while i < n:
            if i > 0:
                self.__at_start = 0
            if self.nomoretags:
                data = rawdata[i:n]
                self.handle_data(data)
                self.lineno = self.lineno + data.count('\n')
                i = n
                break
            res = interesting.search(rawdata, i)
            if res:
                j = res.start(0)
            else:
                j = n
            if i < j:
                data = rawdata[i:j]
                if self.__at_start and space.match(data) is None:
                    self.syntax_error('illegal data at start of file')
                self.__at_start = 0
                if not self.stack and space.match(data) is None:
                    self.syntax_error('data not in content')
                if not self.__accept_utf8 and illegal.search(data):
                    self.syntax_error('illegal character in content')
                self.handle_data(data)
                self.lineno = self.lineno + data.count('\n')
            i = j
            if i == n:
                break
            if rawdata[i] == '<':
                if starttagopen.match(rawdata, i):
                    if self.literal:
                        data = rawdata[i]
                        self.handle_data(data)
                        self.lineno = self.lineno + data.count('\n')
                        i = i + 1
                        continue
                    k = self.parse_starttag(i)
                    if k < 0:
                        break
                    self.__seen_starttag = 1
                    self.lineno = self.lineno + rawdata[i:k].count('\n')
                    i = k
                    continue
                if endtagopen.match(rawdata, i):
                    k = self.parse_endtag(i)
                    if k < 0:
                        break
                    self.lineno = self.lineno + rawdata[i:k].count('\n')
                    i = k
                    continue
                if commentopen.match(rawdata, i):
                    if self.literal:
                        data = rawdata[i]
                        self.handle_data(data)
                        self.lineno = self.lineno + data.count('\n')
                        i = i + 1
                        continue
                    k = self.parse_comment(i)
                    if k < 0:
                        break
                    self.lineno = self.lineno + rawdata[i:k].count('\n')
                    i = k
                    continue
                if cdataopen.match(rawdata, i):
                    k = self.parse_cdata(i)
                    if k < 0:
                        break
                    self.lineno = self.lineno + rawdata[i:k].count('\n')
                    i = k
                    continue
                res = xmldecl.match(rawdata, i)
                if res:
                    if not self.__at_start:
                        self.syntax_error(
                            "<?xml?> declaration not at start of document")
                    version, encoding, standalone = res.group('version',
                                                              'encoding',
                                                              'standalone')
                    if version[1:-1] != '1.0':
                        raise Error('only XML version 1.0 supported')
                    if encoding:
                        encoding = encoding[1:-1]
                    if standalone:
                        standalone = standalone[1:-1]
                    self.handle_xml(encoding, standalone)
                    i = res.end(0)
                    continue
                res = procopen.match(rawdata, i)
                if res:
                    k = self.parse_proc(i)
                    if k < 0:
                        break
                    self.lineno = self.lineno + rawdata[i:k].count('\n')
                    i = k
                    continue
                res = doctype.match(rawdata, i)
                if res:
                    if self.literal:
                        data = rawdata[i]
                        self.handle_data(data)
                        self.lineno = self.lineno + data.count('\n')
                        i = i + 1
                        continue
                    if self.__seen_doctype:
                        self.syntax_error('multiple DOCTYPE elements')
                    if self.__seen_starttag:
                        self.syntax_error(
                            'DOCTYPE not at beginning of document')
                    k = self.parse_doctype(res)
                    if k < 0:
                        break
                    self.__seen_doctype = res.group('name')
                    if self.__map_case:
                        self.__seen_doctype = self.__seen_doctype.lower()
                    self.lineno = self.lineno + rawdata[i:k].count('\n')
                    i = k
                    continue
            elif rawdata[i] == '&':
                if self.literal:
                    data = rawdata[i]
                    self.handle_data(data)
                    i = i + 1
                    continue
                res = charref.match(rawdata, i)
                if res is not None:
                    i = res.end(0)
                    if rawdata[i - 1] != ';':
                        self.syntax_error("`;' missing in charref")
                        i = i - 1
                    if not self.stack:
                        self.syntax_error('data not in content')
                    self.handle_charref(res.group('char')[:-1])
                    self.lineno = self.lineno + res.group(0).count('\n')
                    continue
                res = entityref.match(rawdata, i)
                if res is not None:
                    i = res.end(0)
                    if rawdata[i - 1] != ';':
                        self.syntax_error("`;' missing in entityref")
                        i = i - 1
                    name = res.group('name')
                    if self.__map_case:
                        name = name.lower()
                    if name in self.entitydefs:
                        self.rawdata = rawdata = rawdata[:res.start(
                            0)] + self.entitydefs[name] + rawdata[i:]
                        n = len(rawdata)
                        i = res.start(0)
                    else:
                        self.unknown_entityref(name)
                    self.lineno = self.lineno + res.group(0).count('\n')
                    continue
            elif rawdata[i] == ']':
                if self.literal:
                    data = rawdata[i]
                    self.handle_data(data)
                    i = i + 1
                    continue
                if n - i < 3:
                    break
                if cdataclose.match(rawdata, i):
                    self.syntax_error("bogus `]]>'")
                self.handle_data(rawdata[i])
                i = i + 1
                continue
            else:
                raise Error('neither < nor & ??')
            # We get here only if incomplete matches but
            # nothing else
            break
        # end while
        if i > 0:
            self.__at_start = 0
        if end and i < n:
            data = rawdata[i]
            self.syntax_error("bogus `%s'" % data)
            if not self.__accept_utf8 and illegal.search(data):
                self.syntax_error('illegal character in content')
            self.handle_data(data)
            self.lineno = self.lineno + data.count('\n')
            self.rawdata = rawdata[i + 1:]
            return self.goahead(end)
        self.rawdata = rawdata[i:]
        if end:
            if not self.__seen_starttag:
                self.syntax_error('no elements in file')
            if self.stack:
                self.syntax_error('missing end tags')
                while self.stack:
                    self.finish_endtag(self.stack[-1][0])


    # Internal -- parse comment, return length or -1 if not terminated
[docs]    def parse_comment(self, i):
        rawdata = self.rawdata
        if rawdata[i:i + 4] != '<!--':
            raise Error('unexpected call to handle_comment')
        res = commentclose.search(rawdata, i + 4)
        if res is None:
            return -1
        if doubledash.search(rawdata, i + 4, res.start(0)):
            self.syntax_error("`--' inside comment")
        if rawdata[res.start(0) - 1] == '-':
            self.syntax_error('comment cannot end in three dashes')
        if not self.__accept_utf8 and \
           illegal.search(rawdata, i + 4, res.start(0)):
            self.syntax_error('illegal character in comment')
        self.handle_comment(rawdata[i + 4: res.start(0)])
        return res.end(0)


    # Internal -- handle DOCTYPE tag, return length or -1 if not terminated
[docs]    def parse_doctype(self, res):
        rawdata = self.rawdata
        n = len(rawdata)
        name = res.group('name')
        if self.__map_case:
            name = name.lower()
        pubid, syslit = res.group('pubid', 'syslit')
        if pubid is not None:
            pubid = pubid[1:-1]         # remove quotes
            pubid = ' '.join(pubid.split())  # normalize
        if syslit is not None:
            syslit = syslit[1:-1]  # remove quotes
        j = k = res.end(0)
        if k >= n:
            return -1
        if rawdata[k] == '[':
            level = 0
            k = k + 1
            dq = sq = 0
            while k < n:
                c = rawdata[k]
                if not sq and c == '"':
                    dq = not dq
                elif not dq and c == "'":
                    sq = not sq
                elif sq or dq:
                    pass
                elif level <= 0 and c == ']':
                    res = endbracket.match(rawdata, k + 1)
                    if res is None:
                        return -1
                    self.handle_doctype(name, pubid, syslit, rawdata[j + 1:k])
                    return res.end(0)
                elif c == '<':
                    level = level + 1
                elif c == '>':
                    level = level - 1
                    if level < 0:
                        self.syntax_error("bogus `>' in DOCTYPE")
                k = k + 1
        res = endbracketfind.match(rawdata, k)
        if res is None:
            return -1
        if endbracket.match(rawdata, k) is None:
            self.syntax_error('garbage in DOCTYPE')
        self.handle_doctype(name, pubid, syslit, None)
        return res.end(0)


    # Internal -- handle CDATA tag, return length or -1 if not terminated
[docs]    def parse_cdata(self, i):
        rawdata = self.rawdata
        if rawdata[i:i + 9] != '<![CDATA[':
            raise Error('unexpected call to parse_cdata')
        res = cdataclose.search(rawdata, i + 9)
        if res is None:
            return -1
        if not self.__accept_utf8 and \
           illegal.search(rawdata, i + 9, res.start(0)):
            self.syntax_error('illegal character in CDATA')
        if not self.stack:
            self.syntax_error('CDATA not in content')
        self.handle_cdata(rawdata[i + 9:res.start(0)])
        return res.end(0)


    __xml_namespace_attributes = {'ns': None, 'src': None, 'prefix': None}
    # Internal -- handle a processing instruction tag

[docs]    def parse_proc(self, i):
        rawdata = self.rawdata
        end = procclose.search(rawdata, i)
        if end is None:
            return -1
        j = end.start(0)
        if not self.__accept_utf8 and illegal.search(rawdata, i + 2, j):
            self.syntax_error('illegal character in processing instruction')
        res = tagfind.match(rawdata, i + 2)
        if res is None:
            raise Error('unexpected call to parse_proc')
        k = res.end(0)
        name = res.group(0)
        if self.__map_case:
            name = name.lower()
        if name == 'xml:namespace':
            self.syntax_error('old-fashioned namespace declaration')
            self.__use_namespaces = -1
            # namespace declaration
            # this must come after the <?xml?> declaration (if any)
            # and before the <!DOCTYPE> (if any).
            if self.__seen_doctype or self.__seen_starttag:
                self.syntax_error(
                    'xml:namespace declaration too late in document')
            attrdict, namespace, k = self.parse_attributes(name, k, j)
            if namespace:
                self.syntax_error(
                    'namespace declaration inside namespace declaration')
            for attrname in list(attrdict.keys()):
                if attrname not in self.__xml_namespace_attributes:
                    self.syntax_error(
                        "unknown attribute `%s' in xml:namespace tag" %
                        attrname)
            if 'ns' not in attrdict or 'prefix' not in attrdict:
                self.syntax_error('xml:namespace without required attributes')
            prefix = attrdict.get('prefix')
            if ncname.match(prefix) is None:
                self.syntax_error('xml:namespace illegal prefix value')
                return end.end(0)
            if prefix in self.__namespaces:
                self.syntax_error('xml:namespace prefix not unique')
            self.__namespaces[prefix] = attrdict['ns']
        else:
            if name.lower() == 'xml':
                self.syntax_error('illegal processing instruction target name')
            self.handle_proc(name, rawdata[k:j])
        return end.end(0)


    # Internal -- parse attributes between i and j
[docs]    def parse_attributes(self, tag, i, j):
        rawdata = self.rawdata
        attrdict = {}
        namespace = {}
        while i < j:
            res = attrfind.match(rawdata, i)
            if res is None:
                break
            attrname, attrvalue = res.group('name', 'value')
            if self.__map_case:
                attrname = attrname.lower()
            i = res.end(0)
            if attrvalue is None:
                self.syntax_error(
                    "no value specified for attribute `%s'" %
                    attrname)
                attrvalue = attrname
            elif attrvalue[:1] == "'" == attrvalue[-1:] or \
                    attrvalue[:1] == '"' == attrvalue[-1:]:
                attrvalue = attrvalue[1:-1]
            elif not self.__accept_unquoted_attributes:
                self.syntax_error("attribute `%s' value not quoted" % attrname)
            res = xmlns.match(attrname)
            if res is not None:
                # namespace declaration
                ncname = res.group('ncname')
                namespace[ncname or ''] = attrvalue or None
                if not self.__use_namespaces:
                    self.__use_namespaces = len(self.stack) + 1
                continue
            if '<' in attrvalue:
                self.syntax_error("`<' illegal in attribute value")
            if attrname in attrdict:
                self.syntax_error("attribute `%s' specified twice" % attrname)
            attrvalue = attrvalue.translate(attrtrans)
            attrdict[attrname] = self.translate_references(attrvalue)
        return attrdict, namespace, i


    # Internal -- handle starttag, return length or -1 if not terminated
[docs]    def parse_starttag(self, i):
        rawdata = self.rawdata
        # i points to start of tag
        end = endbracketfind.match(rawdata, i + 1)
        if end is None:
            return -1
        tag = starttagmatch.match(rawdata, i)
        if tag is None or tag.end(0) != end.end(0):
            self.syntax_error('garbage in starttag')
            return end.end(0)
        nstag = tagname = tag.group('tagname')
        if self.__map_case:
            nstag = tagname = nstag.lower()
        if not self.__seen_starttag and self.__seen_doctype and \
           tagname != self.__seen_doctype:
            self.syntax_error('starttag does not match DOCTYPE')
        if self.__seen_starttag and not self.stack:
            self.syntax_error('multiple elements on top level')
        k, j = tag.span('attrs')
        attrdict, nsdict, k = self.parse_attributes(tagname, k, j)
        self.stack.append((tagname, nsdict, nstag))
        if self.__use_namespaces:
            res = qname.match(tagname)
        else:
            res = None
        if res is not None:
            prefix, nstag = res.group('prefix', 'local')
            if prefix is None:
                prefix = ''
            ns = None
            for t, d, nst in self.stack:
                if prefix in d:
                    ns = d[prefix]
            if ns is None and prefix != '':
                ns = self.__namespaces.get(prefix)
            if ns is not None:
                nstag = ns + ' ' + nstag
            elif prefix != '':
                nstag = prefix + ':' + nstag  # undo split
            self.stack[-1] = tagname, nsdict, nstag
        # translate namespace of attributes
        # map from new name to old name (used for error reporting)
        attrnamemap = {}
        for key in list(attrdict.keys()):
            attrnamemap[key] = key
        if self.__use_namespaces:
            nattrdict = {}
            for key, val in list(attrdict.items()):
                okey = key
                res = qname.match(key)
                if res is not None:
                    aprefix, key = res.group('prefix', 'local')
                    if self.__map_case:
                        key = key.lower()
                    if aprefix is None:
                        aprefix = ''
                    ans = None
                    for t, d, nst in self.stack:
                        if aprefix in d:
                            ans = d[aprefix]
                    if ans is None and aprefix != '':
                        ans = self.__namespaces.get(aprefix)
                    if ans is not None:
                        key = ans + ' ' + key
                    elif aprefix != '':
                        key = aprefix + ':' + key
                    elif ns is not None:
                        key = ns + ' ' + key
                nattrdict[key] = val
                attrnamemap[key] = okey
            attrdict = nattrdict
        attributes = self.attributes.get(nstag)
        if attributes is not None:
            for key in list(attrdict.keys()):
                if key not in attributes:
                    self.syntax_error(
                        "unknown attribute `%s' in tag `%s'" %
                        (attrnamemap[key], tagname))
            for key, val in list(attributes.items()):
                if val is not None and key not in attrdict:
                    attrdict[key] = val
        method = self.elements.get(nstag, (None, None))[0]
        self.finish_starttag(nstag, attrdict, method)
        if tag.group('slash') == '/':
            self.finish_endtag(tagname)
        return tag.end(0)


    # Internal -- parse endtag
[docs]    def parse_endtag(self, i):
        rawdata = self.rawdata
        end = endbracketfind.match(rawdata, i + 1)
        if end is None:
            return -1
        res = tagfind.match(rawdata, i + 2)
        if res is None:
            if self.literal:
                self.handle_data(rawdata[i])
                return i + 1
            if not self.__accept_missing_endtag_name:
                self.syntax_error('no name specified in end tag')
            tag = self.stack[-1][0]
            k = i + 2
        else:
            tag = res.group(0)
            if self.__map_case:
                tag = tag.lower()
            if self.literal:
                if not self.stack or tag != self.stack[-1][0]:
                    self.handle_data(rawdata[i])
                    return i + 1
            k = res.end(0)
        if endbracket.match(rawdata, k) is None:
            self.syntax_error('garbage in end tag')
        self.finish_endtag(tag)
        return end.end(0)


    # Internal -- finish processing of start tag
[docs]    def finish_starttag(self, tagname, attrdict, method):
        if method is not None:
            self.handle_starttag(tagname, method, attrdict)
        else:
            self.unknown_starttag(tagname, attrdict)


    # Internal -- finish processing of end tag
[docs]    def finish_endtag(self, tag):
        self.literal = 0
        if not tag:
            self.syntax_error('name-less end tag')
            found = len(self.stack) - 1
            if found < 0:
                self.unknown_endtag(tag)
                return
        else:
            found = -1
            for i in range(len(self.stack)):
                if tag == self.stack[i][0]:
                    found = i
            if found == -1:
                self.syntax_error('unopened end tag')
                return
        while len(self.stack) > found:
            if found < len(self.stack) - 1:
                self.syntax_error('missing close tag for %s' %
                                  self.stack[-1][2])
            nstag = self.stack[-1][2]
            method = self.elements.get(nstag, (None, None))[1]
            if method is not None:
                self.handle_endtag(nstag, method)
            else:
                self.unknown_endtag(nstag)
            if self.__use_namespaces == len(self.stack):
                self.__use_namespaces = 0
            del self.stack[-1]


    # Overridable -- handle xml processing instruction
[docs]    def handle_xml(self, encoding, standalone):
        pass


    # Overridable -- handle DOCTYPE
[docs]    def handle_doctype(self, tag, pubid, syslit, data):
        pass


    # Overridable -- handle start tag
[docs]    def handle_starttag(self, tag, method, attrs):
        method(attrs)


    # Overridable -- handle end tag
[docs]    def handle_endtag(self, tag, method):
        method()


    # Example -- handle character reference, no need to override
[docs]    def handle_charref(self, name):
        try:
            if name[0] == 'x':
                n = int(name[1:], 16)
            else:
                n = int(name)
        except ValueError:
            self.unknown_charref(name)
            return
        if not 0 <= n <= 255:
            self.unknown_charref(name)
            return
        self.handle_data(chr(n))


    # Definition of entities -- derived classes may override
    entitydefs = {'lt': '&#60;',        # must use charref
                  'gt': '&#62;',
                  'amp': '&#38;',       # must use charref
                  'quot': '&#34;',
                  'apos': '&#39;',
                  }

    # Example -- handle data, should be overridden
[docs]    def handle_data(self, data):
        pass


    # Example -- handle cdata, could be overridden
[docs]    def handle_cdata(self, data):
        pass


    # Example -- handle comment, could be overridden
[docs]    def handle_comment(self, data):
        pass


    # Example -- handle processing instructions, could be overridden
[docs]    def handle_proc(self, name, data):
        pass


    # Example -- handle relatively harmless syntax errors, could be overridden
[docs]    def syntax_error(self, message):
        raise Error('Syntax error at line %d: %s' % (self.lineno, message))


    # To be overridden -- handlers for unknown objects
[docs]    def unknown_starttag(self, tag, attrs): pass


[docs]    def unknown_endtag(self, tag): pass


[docs]    def unknown_charref(self, ref): pass


[docs]    def unknown_entityref(self, name):
        self.syntax_error("reference to unknown entity `&%s;'" % name)




[docs]class TestXMLParser(XMLParser):

    def __init__(self, **kw):
        self.testdata = ""
        XMLParser.__init__(self, **kw)

[docs]    def handle_xml(self, encoding, standalone):
        self.flush()
        print('xml: encoding =', encoding, 'standalone =', standalone)


[docs]    def handle_doctype(self, tag, pubid, syslit, data):
        self.flush()
        print('DOCTYPE:', tag, repr(data))


[docs]    def handle_data(self, data):
        self.testdata = self.testdata + data
        if len(repr(self.testdata)) >= 70:
            self.flush()


[docs]    def flush(self):
        data = self.testdata
        if data:
            self.testdata = ""
            print('data:', repr(data))


[docs]    def handle_cdata(self, data):
        self.flush()
        print('cdata:', repr(data))


[docs]    def handle_proc(self, name, data):
        self.flush()
        print('processing:', name, repr(data))


[docs]    def handle_comment(self, data):
        self.flush()
        r = repr(data)
        if len(r) > 68:
            r = r[:32] + '...' + r[-32:]
        print('comment:', r)


[docs]    def syntax_error(self, message):
        print('error at line %d:' % self.lineno, message)


[docs]    def unknown_starttag(self, tag, attrs):
        self.flush()
        if not attrs:
            print('start tag: <' + tag + '>')
        else:
            print('start tag: <' + tag, end=' ')
            for name, value in list(attrs.items()):
                print(name + '=' + '"' + value + '"', end=' ')
            print('>')


[docs]    def unknown_endtag(self, tag):
        self.flush()
        print('end tag: </' + tag + '>')


[docs]    def unknown_entityref(self, ref):
        self.flush()
        print('*** unknown entity ref: &' + ref + ';')


[docs]    def unknown_charref(self, ref):
        self.flush()
        print('*** unknown char ref: &#' + ref + ';')


[docs]    def close(self):
        XMLParser.close(self)
        self.flush()




[docs]def test(args=None):
    import sys
    import getopt
    from time import time

    if not args:
        args = sys.argv[1:]

    opts, args = getopt.getopt(args, 'st')
    klass = TestXMLParser
    do_time = 0
    for o, a in opts:
        if o == '-s':
            klass = XMLParser
        elif o == '-t':
            do_time = 1

    if args:
        file = args[0]
    else:
        file = 'test.xml'

    if file == '-':
        f = sys.stdin
    else:
        try:
            f = open(file, 'r')
        except IOError as msg:
            print(file, ":", msg)
            sys.exit(1)

    data = f.read()
    if f is not sys.stdin:
        f.close()

    x = klass()
    t0 = time()
    try:
        if do_time:
            x.feed(data)
            x.close()
        else:
            for c in data:
                x.feed(c)
            x.close()
    except Error as msg:
        t1 = time()
        print(msg)
        if do_time:
            print('total time: %g' % (t1 - t0))
        sys.exit(1)
    t1 = time()
    if do_time:
        print('total time: %g' % (t1 - t0))



if __name__ == '__main__':
    test()
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  Source code for cdms2.convention

""" metadata conventions """

from __future__ import print_function
from .error import CDMSError
from collections import UserList

# On in order to turn off some warnings
WITH_GRIDSPEC_SUPPORT = True

MethodNotImplemented = "Method not yet implemented"


[docs]class AliasList (UserList):
    def __init__(self, alist):
        UserList.__init__(self, alist)

    def __setitem__(self, i, value):
        self.data[i] = value.lower()

    def __setslice(self, i, j, values):
        self.data[i:j] = [x.lower() for x in values]

[docs]    def append(self, value):
        self.data.append(value.lower())




level_aliases = AliasList(['plev'])
longitude_aliases = AliasList([])
latitude_aliases = AliasList([])
time_aliases = AliasList([])
forecast_aliases = AliasList([])


[docs]class AbstractConvention:

[docs]    def getAxisIds(self, vardict):
        raise CDMSError(MethodNotImplemented)


[docs]    def getAxisAuxIds(self, vardict, axiskeys):
        raise CDMSError(MethodNotImplemented)


[docs]    def getDsetnodeAuxAxisIds(self, dsetnode):
        raise CDMSError(MethodNotImplemented)


[docs]    def axisIsLatitude(self, axis):
        id = axis.id.lower()
        return (id[0:3] == 'lat') or (id in latitude_aliases)


[docs]    def axisIsLongitude(self, axis):
        id = axis.id.lower()
        return (id[0:3] == 'lon') or (id in longitude_aliases)


[docs]    def getVarLatId(self, var, vardict=None):
        lat = None
        nlat = 0

        for obj in [d[0] for d in var.getDomain()]:
            if self.axisIsLatitude(obj):
                if nlat == 0:
                    lat = obj
                nlat += 1
        return (lat, nlat)


[docs]    def getVarLonId(self, var, vardict=None):
        lon = None
        nlon = 0
        for obj in [d[0] for d in var.getDomain()]:
            if self.axisIsLongitude(obj):
                if nlon == 0:
                    lon = obj
                nlon += 1
        return (lon, nlon)




[docs]class NUGConvention(AbstractConvention):

    def __init__(self, version=None):
        self._version = version

[docs]    def getAxisIds(self, vardict):
        "Get 1-D coordinate axis IDs."
        result = []
        for name in list(vardict.keys()):
            dimensions = vardict[name].dimensions
            if len(dimensions) == 1 and (name in dimensions):
                result.append(name)
        return result


[docs]    def getAxisAuxIds(self, vardict, axiskeys):
        return []




[docs]class COARDSConvention(NUGConvention):

    def __init__(self, version=None):
        NUGConvention.__init__(self, version)



[docs]class CFConvention(COARDSConvention):

    current = 'CF-1.0'

    def __init__(self, version):
        COARDSConvention.__init__(self, version)

[docs]    def getAxisAuxIds(self, vardict, axiskeys):
        "Get Axis2D and AuxAxis1D IDs"
        coorddict = {}
        for var in list(vardict.values()):
            if hasattr(var, 'coordinates'):
                coordnames = var.coordinates.split()
                for item in coordnames:
                    # Don't include if already a 1D coordinate axis.
                    if item in axiskeys:
                        continue
                    coorddict[item] = 1
        for key in list(coorddict.keys()):
            try:
                coord = vardict[key]
            except KeyError:
                # Note: not everything referenced by .coordinates attribute is
                # in fact a coordinate axis, e.g., scalar coordinates
                if not WITH_GRIDSPEC_SUPPORT:
                    print(
                        'Warning: coordinate attribute points to non-existent variable: %s' %
                        key)
                del coorddict[key]
                continue
            # Omit scalar dimensions, and dimensions greater than 2-D
            if len(coord.shape) not in [1, 2]:
                del coorddict[key]
        return list(coorddict.keys())


[docs]    def getDsetnodeAuxAxisIds(self, dsetnode):
        "Get auxiliary axis IDs from a dataset node"
        coorddict = {}
        dsetdict = dsetnode.getIdDict()
        for node in list(dsetdict.values()):
            coordnames = node.getExternalAttr('coordinates')
            if coordnames is not None:
                coordnames = coordnames.split()
                for item in coordnames:
                    # Don't include if already a 1D coordinate axis.
                    if item in dsetdict and dsetdict[item].tag == 'axis':
                        continue
                    # It's not an axis node, so must be a variable, so getDomain is defined.
                    # Check the rank, don't include if not 1D or 2D (e.g.,
                    # scalar coordinate)
                    domnode = dsetdict[item].getDomain()
                    if domnode.getChildCount() not in [1, 2]:
                        continue
                    coorddict[item] = 1
        return list(coorddict.keys())


[docs]    def getVarLatId(self, var, vardict):
        lat = None
        nlat = 0

        # Coordinates don't have coordinates
        if var.isAbstractCoordinate():
            return (lat, nlat)

        if hasattr(var, 'coordinates'):
            coordnames = var.coordinates.split()
            for name in coordnames:
                coord = vardict.get(name)

                # Note: not everything referenced by .coordinates attribute is
                # in fact a coordinate axis, e.g., scalar coordinates
                if coord is not None and hasattr(
                        coord, 'isLatitude') and coord.isLatitude():
                    if nlat == 0:
                        lat = coord
                    nlat += 1
        if lat is None:
            lat, nlat = AbstractConvention.getVarLatId(self, var, vardict)

        return (lat, nlat)


[docs]    def getVarLonId(self, var, vardict):
        lon = None
        nlon = 0

        # Coordinates don't have coordinates
        if var.isAbstractCoordinate():
            return (lon, nlon)

        if hasattr(var, 'coordinates'):
            coordnames = var.coordinates.split()
            for name in coordnames:
                coord = vardict.get(name)

                # Note: not everything referenced by .coordinates attribute is
                # in fact a coordinate axis, e.g., scalar coordinates
                if coord is not None and hasattr(
                        coord, 'isLongitude') and coord.isLongitude():
                    if nlon == 0:
                        lon = coord
                    nlon += 1
        if lon is None:
            lon, nlon = AbstractConvention.getVarLonId(self, var, vardict)

        return (lon, nlon)


[docs]    def axisIsLatitude(self, axis):
        if (hasattr(axis, 'axis') and axis.axis == 'Y'):
            return True
        elif (hasattr(axis, 'units') and axis.units.lower() in [
                'degrees_north', 'degree_north', 'degree_n', 'degrees_n', 'degreen', 'degreesn'] and
                not (axis.isLongitude() or axis.isLevel() or axis.isTime())):
            return True
        elif (hasattr(axis, 'standard_name') and axis.standard_name.lower() == 'latitude'):
            return True
        else:
            return AbstractConvention.axisIsLatitude(self, axis)


[docs]    def axisIsLongitude(self, axis):
        if (hasattr(axis, 'axis') and axis.axis == 'X'):
            return True
        elif (hasattr(axis, 'units') and axis.units.lower() in [
                'degrees_east', 'degree_east', 'degree_e', 'degrees_e', 'degreee', 'degreese'] and
                not (axis.isLatitude() or axis.isLevel() or axis.isTime())):
            return True
        elif (hasattr(axis, 'standard_name') and axis.standard_name.lower() == 'longitude'):
            return True
        else:
            return AbstractConvention.axisIsLongitude(self, axis)


[docs]    def getVariableBounds(self, dset, var):
        """Get the bounds variable for the variable, from a dataset or file."""
        if hasattr(var, 'bounds'):
            boundsid = var.bounds
            if boundsid in dset.variables:
                result = dset[boundsid]
            else:
                print(
                    'Warning: bounds variable not found in %s: %s' %
                    (dset.id, boundsid))
                result = None
        else:
            result = None

        return result




NUG = NUGConvention()
COARDS = COARDSConvention()
CF1 = CFConvention('CF-1')


[docs]def getDatasetConvention(dset):
    "Return an appropriate convention object. dset is a file or dataset object"
    return CF1
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  Source code for cdms2.cudsinterface

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by
# Further modified to be pure new numpy June 24th 2008

"Emulation of old cu package"
from __future__ import print_function
import sys
from .error import CDMSError
import numpy


class cuDataset():
    "A mixin class to support the old cu interface"

    def __init__(self):
        self.cleardefault()

[docs]    def __call__(self, id, *args, **kwargs):
        """Call a variable object with the given id. Exception if not found.
           Call the variable with the other arguments.
        """
# note defined here because this is the class all the dataset-type classes
# inherit
        v = self.variables.get(id)
        if v is None:
            try:
                if(self.is_gridspec_grid_file() and
                    (id == '' or id == 'grid' or id == 'gridspec') and
                        len(args) == 0 and len(kwargs) == 0):
                    return self.readg()
                else:
                    raise CDMSError("No such variable or grid, " + id)
            except (AttributeError, TypeError):
                raise CDMSError("No such variable, " + id)
        return v(*args, **kwargs)


[docs]    def __getitem__(self, key):
        """Implement f['varname'] for file/dataset f.
        """
        for d in [self.variables, self.axes, self.grids]:
            if key in d:
                result = d[key]
                break
        else:
            result = None
        return result


[docs]    def _v(self, vname):
        "Get the variable vname as a file variable object."
        try:
            v = self.variables[vname]
        except KeyError:
            raise CDMSError("No variable named " + vname + " in file " +
                            self.id)
        return v


[docs]    def default_variable(self, vname):
        "Set the default variable name."
        self.__dict__['default_variable_name'] = vname


[docs]    def cleardefault(self):
        "Clear the default variable name."
        self.default_variable("no_default_variable_name_specified")


[docs]    def listall(self, vname=None, all=None):
        """Get info about data from the file.

        Options

        Parameters
        ----------

        vname : (str/None) (None) variable name

        all : (None/True/False/int) (None) include axes information

        """
        if vname is None:
            vname = self.default_variable_name
        try:
            m = numpy.get_printoptions()['threshold']
            result = []
            result.append('*** Description of slab %s in file %s***' %
                          (vname, self.id))
            result.append('Name: ' + vname)
            v = self._v(vname)
            a = v.attributes
            for x, y in list(a.items()):
                result.append(x + ": " + str(y))
            d = v.getDomain()
            nd = 0
            for x in d:
                nd = nd + 1
                result.append('** Dimension ' + str(nd) + ' **')
                axis = x[0]
                n = numpy.ma.size(axis[:])
                numpy.set_printoptions(edgeitems=n)
                result.append('Name: ' + axis.id)
                result.append('Units: ' + axis.units)
                result.append('Length: ' + str(n))
                result.append('First: ' + str(axis[0]))
                result.append('Last: ' + str(axis[-1]))
                if all:
                    result.append(str(self.dimensionarray(axis.id, vname)))
            result.append('*** End of description of %s ***' % vname)
            return result
        finally:
            numpy.set_printoptions(threshold=m)


[docs]    def listattribute(self, vname=None):
        """Get attributes of data from the file.

        Options

        Parameters
        ----------

        vname : (str/None) (None) variable name

        """
        if vname is None:
            vname = self.default_variable_name
        v = self._v(vname)
        return list(v.attributes.keys())


[docs]    def listdimension(self, vname=None):
        """
        List Dimension

        Returns
        -------

        a list of the dimension names associated with a variable.
        If no argument, return the file.axes.keys()


        Options

        Parameters
        ----------

        vname : (str/None) (None) variable name

        """
        if vname is None:
            return list(self.axes.keys())
        v = self._v(vname)
        d = v.getDomain()
        x = [n[0] for n in d]
        return [getattr(n, 'id') for n in x]


[docs]    def listglobal(self):
        """
        List Global

        Returns
        -------

        a list of the global attributes in the file.

        """
        return list(self.attributes.keys())


[docs]    def listvariable(self):
        """
        List Variable

        Returns
        -------

        a list of the variables in the file.

        """
        return list(self.variables.keys())


    listvariables = listvariable

[docs]    def showglobal(self, device=None):
        """Show the global attributes in the file.

        Options

        device : (None/file) (None) output device

        """
        if device is None:
            device = sys.stdout
        device.write("Global attributes in file ")
        device.write(self.id)
        device.write(":\n")
        device.write(str(self.listglobal()))
        device.write("\n")


[docs]    def showvariable(self, device=None):
        """Show the variables in the file.

        Options

        device : (None/file) (None) output device

        """
        if device is None:
            device = sys.stdout
        device.write("Variables in file ")
        device.write(self.id)
        device.write(":\n")
        device.write(str(self.listvariable()))
        device.write("\n")


[docs]    def showattribute(self, vname=None, device=None):
        """Show the attributes of vname.

        Options

        vname : (str/None) (None) variable name

        device : (None/file) (None) output device

        """
        if device is None:
            device = sys.stdout
        if vname is None:
            vname = self.default_variable_name
        device.write("Attributes of ")
        device.write(vname)
        device.write(" in file ")
        device.write(self.id)
        device.write(":\n")
        device.write(str(self.listattribute(vname)))
        device.write("\n")


[docs]    def showdimension(self, vname=None, device=None):
        """Show the dimension names associated with a variable.

        Options

        vname : (str/None) (None) variable name

        device : (None/file) (None) output device

        """
        if device is None:
            device = sys.stdout
        if vname is None:
            vname = self.default_variable_name
        device.write("Dimension names of ")
        device.write(vname)
        device.write(" in file ")
        device.write(self.id)
        device.write(":\n")
        device.write(str(self.listdimension(vname)))
        device.write("\n")


[docs]    def showall(self, vname=None, all=None, device=None):
        """Show a full description of the variable.

           Options

           vname : (str/None) (None) variable name

           all : (None/True/False/int) (None) include axes information

           device : (None/file) (None) output device

        """
        if device is None:
            device = sys.stdout
        if vname is None:
            vname = self.default_variable_name
        alist = self.listall(vname, all=all)
        device.write("n".join(alist))
        device.write("\n")


[docs]    def dimensionobject(self, dname, vname=None):
        """CDMS axis object for the dimension named dname.

           Options

           vname : (str/None) (None) variable name

           Input
           dname : (str) (0) dimension name

           Output
           axis : (cdms2.axis.FileAxis) (0) file axis whose id is vname

        """
        if vname is None:
            try:
                return self.axes[dname]
            except KeyError:
                raise CDMSError("No axis named " + dname + " in file " +
                                self.id + ".")
        else:
            v = self._v(vname)
            d = v.getDomain()
            for x in d:
                if x[0].id == dname:
                    return x[0]
            else:
                raise CDMSError(vname + " has no axis named " + dname +
                                " in file " + self.id + ".")


[docs]    def dimensionarray(self, dname, vname=None):
        """Values of the dimension named dname.

        Options

        vname : (str/None) (None) variable name

        Input
        dname : (str) (0) dimension name

        Output
        axisvalues : (numpy.ndarray) (0) array with values of axis whose id is vname
       """
        return self.dimensionobject(dname, vname).getValue()


[docs]    def getdimensionunits(self, dname, vname=None):
        """Get the units for the given dimension.

        Options

        vname : (str/None) (None) variable name

        Input
        dname : (str) (0) dimension name

        Output
        units : (str) (0) units of axis whose id is vname

        """
        x = self.dimensionobject(dname, vname)
        return x.units


[docs]    def getglobal(self, attribute):
        """Get the value of the global attribute.

           Input
           attribute : (str) (0) global attribute name

           Output
           attribute_value : (str/int/float/numpy.ndarray) (0) value of requested global attribute

        """
        try:
            return self.attributes[attribute]
        except KeyError:
            return None


[docs]    def getattribute(self, vname, attribute):
        """Get the value of attribute for variable vname

        Input
        vname : (str/None) (0) variable name

        attribute : (str) (1) attribute name

        Output
        attribute_value : (str/int/float/numpy.ndarray) (0) value of requested attribute

        """
        v = self._v(vname)
        return getattr(v, attribute)


[docs]    def getslab(self, vname, *args, **keys):
        """
        Get Slab

        Parameters
        ----------

        getslab : ('name', arg1, arg2, ....)

        Returns
        -------

        a cdms variable containing the data.

        Arguments for each dimension can be:
                (1) : or None -- selected entire dimension
                (2) Ellipsis -- select entire dimensions between the ones given.
                (3) a pair of successive arguments giving an interval in
                    world coordinates.
                (4) a cdms-style tuple of world coordinates e.g. (start, stop, 'cc')

        Options

        args : (*tuple/*cdms2.selectors.Selector) () tuple of type (val1,val2,'cob')
                 for any given dimension or cdms selector

        Keys

        squeeze : (int/True/False) (0) squeezes (removes) dimensions of length 1

        order : (str) ('...') reorder the dimensions, can use numbers or xyzt or dim names in between paranthesis

        raw : (int/True/False) (0) return a numpy.ma instead of a transient variable

        grid : (cdms2.grid.AbstractGrid) (None) regrid the result to the grid passed

        Input
        vname : (str/None) (0) variable name

        Output
        variable : (cdms2.tvariable.TransientVariable) (0) variable requested

        """
        nargs = len(args)
        v = self._v(vname)
        if nargs == 0:
            return v.subRegion()
# note CDMS treats None as a colon in getRegion and mapInterval
        ndims = v.rank()
        cdms_args = [':'] * ndims
        i = 0
        idim = 0
        ne = 0
        while i < nargs:
            if not (idim < ndims):
                raise CDMSError("Too many arguments to getslab.")
            x = args[i]
            if x == ':' or x is None:
                i = i + 1
                idim = idim + 1
                continue
            elif x == Ellipsis:
                if ne:
                    raise CDMSError("Only one ellipsis allowed.")
                idim = ndims - (nargs - i - 1)
                i = i + 1
                ne = 1
            elif isinstance(x, tuple):
                cdms_args[idim] = x
                idim = idim + 1
                i = i + 1
            else:
                if not ((i + 1) < nargs):
                    raise CDMSError(
                        "Arguments to getslab not paired properly.")
                low = float(x)
                high = float(args[i + 1])
                cdms_args[idim] = (low, high, 'cc')
                idim = idim + 1
                i = i + 2
        sq = keys.get('squeeze', 0)
        result = v.subRegion(*tuple(cdms_args), **{'squeeze': sq})
        result.parent = self
        result.id = vname
        return result


[docs]    def readScripGrid(self, whichGrid="destination", checkGrid=1):
        """Read a SCRIP curvilinear or generic grid from the dataset.

       The dataset can be a SCRIP grid file or mapping file. If a mapping file, 'whichGrid'
       chooses the grid to read, either "source" or "destination".

       If 'checkGrid' is 1 (default), the grid cells are checked for convexity, and 'repaired'
       if necessary.

       Returns the grid object.

       Options

       whichGrid : (str) ('destination') grid to read

       checkGrid : (int) (1) if 1 the grid cells are checked for convexity

       Output grid : (cdms2.hgrid.TransientCurveGrid/cdms2.gengrid.TransientGenericGrid) (0) variable requested

        """

        from . import hgrid, gengrid
        # Grid file
        if 'grid_dims' in list(self.variables.keys()):
            dims = self('grid_dims')
            whichType = "grid"

        # Destination grid from mapping file
        elif whichGrid == "destination":
            dims = self('dst_grid_dims')
            whichType = "mapping"

        # Source grid from mapping file
        else:
            dims = self('src_grid_dims')
            whichType = "mapping"

        if len(dims) == 2:
            result = hgrid.readScripCurveGrid(self, dims, whichType, whichGrid)
        elif len(dims) == 1:
            result = gengrid.readScripGenericGrid(
                self, dims, whichType, whichGrid)
        else:
            raise CDMSError("Grid rank must be 1 or 2, found: %d" % len(dims))

        if checkGrid == 1:
            nonConvexCells = result.checkConvex()
            result.fixCutCells(nonConvexCells)

        return result
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  Source code for cdms2.database

"""CDMS database objects"""

from __future__ import print_function
from .error import CDMSError
from . import cdmsobj
from . import cdurlparse
# import internattr
import os
import re
import string
import sys
from .CDMLParser import CDMLParser
from .cdmsobj import CdmsObj
from .dataset import Dataset

try:
    import ldap
    Subtree = ldap.SCOPE_SUBTREE            # Search object and tree below
    Onelevel = ldap.SCOPE_ONELEVEL          # Search object and one level below
    Base = ldap.SCOPE_BASE                  # Search object only
except ImportError:
    Base = 0
    Onelevel = 1
    Subtree = 2

AuthenticationError = "Error authenticating to database"
CannotOpenDataset = "Cannot open dataset"
ConnectError = "Error connecting to database"
DatabaseNotFound = "Database not found"
InvalidEntryName = "Invalid entry name"
MethodNotImplemented = "Method not yet implemented"
PermissionError = "No permission to access"
SchemeNotSupported = "Scheme not supported"

_Att = re.compile('([a-zA-Z_:][-a-zA-Z0-9._:]*)=(.*)', re.DOTALL)

# Open a database connection


[docs]def connect(uri=None, user="", password=""):
    """

    Method :  connect(uri=None, user="", password="")

    Description :  Open a CDMS database connection.

    Arguments : uri: Universal Resource Identifier. If unspecified, defaults to the environment variable CDMSROOT.

    user: user id
    password: password

    Returns
    -------

    Database instance

    Example

    db = cdms.connect("ldap://dbhost.llnl.gov/database=CDMS,ou=PCMDI,o=LLNL,c=US")
    """
    if uri is None:
        try:
            uri = os.environ['CDMSROOT']
        except KeyError:
            raise CDMSError(
                ConnectError +
                '%s\nSet environment variable CDMSROOT to default database location' %
                uri)
    (scheme, netloc, path, parameters, query, fragment) = cdurlparse.urlparse(uri)

    if scheme in ['', 'ldap']:
        try:
            ldapdb = ldap.open(netloc)
        except BaseException:
            raise CDMSError(ConnectError + "%s\n%s" % (uri, sys.exc_info()[1]))

        try:
            ldapdb.simple_bind_s(user, password)
        except BaseException:
            raise CDMSError(
                AuthenticationError + "%s\n%s" %
                (uri, sys.exc_info()[1]))

        try:
            result = ldapdb.search_s(
                path[1:], ldap.SCOPE_SUBTREE, "objectclass=database")
        except BaseException:
            raise CDMSError(
                DatabaseNotFound + "%s\n%s" %
                (uri, sys.exc_info()[1]))

        try:
            dn, attrs = result[0]
        except BaseException:
            raise CDMSError(PermissionError + uri)
        newuri = "ldap://%s/%s" % (netloc, dn)
        db = LDAPDatabase(newuri, ldapdb)
        db.setExternalDict(attrs)
        return db

    else:
        raise CDMSError(SchemeNotSupported + scheme)



[docs]def loadString(text, uri, parent=None, datapath=None):
    """ Create a dataset from a text string.

        Parameters
        ----------

        <text> : is the string in CDML format.

        <uri> :  is the URL of the dataset in a catalog or file.

        <parent> : is the containing database object, if any.

        <datapath> : is the location of data files relative to the parent database URL.
    """
    p = CDMLParser()
    p.feed(text)
    p.close()
    return Dataset(uri, 'r', p.getRoot(), parent, datapath)



class AbstractDatabase(CdmsObj):
    """AbstractDatabase defines the common database interface. Concrete database classes are
       derived from this class.
    """

    def __init__(self, uri, path):
        CdmsObj.__init__(self, None)
        self.uri = uri
        self.path = path
        self._cache_ = {}
        self._cdmlcache_ = {}
        self._datacache_ = None  # datasetdn: obj # Remote file data cache
        self.lcBaseDN = None            # Logical Collection base distinguished name
        # Use replica catalog if true (request manager transfers only)
        self.useReplica = None
        self.userid = None              # User ID for request manager transfers

    def close(self):
        raise CDMSError(MethodNotImplemented)

    def cachecdml(self, name, cdml):
        raise CDMSError(MethodNotImplemented)

    def getDataset(self, name):
        raise CDMSError(MethodNotImplemented)

    def getObjFromDataset(self, name):
        raise CDMSError(MethodNotImplemented)

    def openDataset(self, dsetid, mode='r'):
        raise CDMSError(MethodNotImplemented)

    def searchFilter(self, filter, classtag=None,
                     relbase=None, scope=Subtree, attnames=[]):
        raise CDMSError(MethodNotImplemented)

    def enableCache(self):
        if self._datacache_ is None:
            from . import cache
            self._datacache_ = cache.Cache()
        return self._datacache_

    def disableCache(self):
        if self._datacache_ is not None:
            self._datacache_.delete()
            self._datacache_ = None

    def useRequestManager(self, lcBaseDN, useReplica=1, userid="anonymous"):
        from . import cache
        self.enableCache()
        cache.useRequestManagerTransfer()
        self.lcBaseDN = lcBaseDN
        self.useReplica = useReplica
        self.userid = userid

    def usingRequestManager(self):
        from . import cache
        return (cache._transferMethod == cache._requestManagerTransfer)

    def __repr__(self):
        return "<Database '%s'>" % (self.uri)

# internattr.add_internal_attribute(AbstractDatabase, 'uri', 'path')
# Database implemented via LDAP (Lightweight Directory Access Protocol)


class LDAPDatabase(AbstractDatabase):

    def __init__(self, uri, db):
        (scheme, netloc, path, parameters, query,
         fragment) = cdurlparse.urlparse(uri)
        AbstractDatabase.__init__(self, uri, path[1:])
        self.netloc = netloc
        self.db = db

[docs]    def close(self):
        """
        Method

            close()

        Description


            Close a database connection.

        Returns
        -------
        None

        """
        if self.db is not None:
            self.db.unbind()
        self.db = None
        self.disableCache()


    def __del__(self):
        # if cdmsobj._debug==1:
        #    print 'Deleting object',self
        self.close()

    def normalizedn(self, dn):
        """
        normalizedn

        Returns
        -------
            string
        """
        explodeddn = ldap.explode_dn(dn)
        return string.join(explodeddn, ',')

    def cachecdml(self, name, cdml, datapath):
        """
        """
        normaldn = self.normalizedn(name)
        self._cdmlcache_[normaldn] = (cdml, datapath)

    def getDataset(self, dn):
        """
        """
        normaldn = self.normalizedn(dn)
        if normaldn in self._cache_:
            dataset = self._cache_[normaldn]
        elif normaldn in self._cdmlcache_:
            (text, datapath) = self._cdmlcache_[normaldn]
            uri = "ldap://%s/%s" % (self.netloc, normaldn)
            if cdmsobj._debug == 1:
                print('Loading %s from cached CDML' % uri)
            dataset = loadString(text, uri, self, datapath)
            self._cache_[normaldn] = dataset
        else:
            if cdmsobj._debug == 1:
                print(
                    'Search filter: (objectclass=dataset), scope: base, base: "%s", attributes=["cdml"]' %
                    (dn,))
            result = self.db.search_s(
                dn, ldap.SCOPE_BASE, "objectclass=dataset", [
                    "cdml", "datapath"])
            resultdn, attrs = result[0]
            text = attrs["cdml"][0]
            uri = "ldap://%s/%s" % (self.netloc, normaldn)
            datapath = attrs.get("datapath")
            if datapath:
                datapath = datapath[0]
            dataset = loadString(text, uri, self, datapath)
            self._cache_[normaldn] = dataset
        return dataset

    def getObjFromDataset(self, dn):
        """
        """

        # Get the parent dataset
        explodeddn = ldap.explode_dn(dn)
        # Dataset node is parent of variable
        dsetdn = string.join(explodeddn[1:], ',')
        dset = self.getDataset(dsetdn)
        rdn = explodeddn[0]
        matchobj = _Att.match(rdn)
        if matchobj is None:
            raise CDMSError(InvalidEntryName + dn)
        tag, id = matchobj.groups()

        # Get the correct dictionary for this tag
        dict = dset.dictdict[tag]
        obj = dict[id]
        return obj

[docs]    def openDataset(self, dsetid, mode='r'):
        """
        Method

          openDataset(dsetid, mode='r')

        Description

          Open a dataset.

        Arguments

          dsetid: string dataset identifier
          mode: open mode ('r' - read-only, 'r+' - read-write, 'w' - create)

        Returns
        -------
          Dataset instance.

        Example
          dset = db.openDataset('ncep_reanalysis_mo')
        """
        dn = "dataset=%s,%s" % (dsetid, self.path)
        dset = self.getDataset(dn)
        return dset


    open = openDataset

    # Set the database attributes from an LDAP search result.
    # ldapattrs is a dictionary, keyed on attribute name.
    # Values are lists of attribute values.
    def setExternalDict(self, ldapattrs):
        for attname in list(ldapattrs.keys()):
            attvals = ldapattrs[attname]
            if attname == 'objectclass':
                continue
            elif attname == 'attr':       # Handle attr: name=value
                for attval in attvals:
                    matchobj = _Att.match(attval)
                    if matchobj is not None:
                        newname, newval = matchobj.groups()
                        self.attributes[newname] = newval

            # If the attribute value is a multi-valued list, keep it as a list
            # otherwise copy the single value from the list.
            if len(attvals) == 1:
                self.attributes[attname] = attvals[0]
            else:
                self.attributes[attname] = attvals

[docs]    def searchFilter(self, filter=None, tag=None, relbase=None,
                     scope=Subtree, attnames=None, timeout=None):
        """
        Method

           searchFilter
              (filter=None, tag=None, relbase=None, scope=Subtree, attnames=None, timeout=None)

        Description

           Search a CDMS database.

        Arguments        -

           filter: string search filter
           Simple filters have the form "tag = value". Simple filters can be combined
           using logical operators '&', '|', '!' in prefix notation. For example,
           the filter '(&(objectclass=variable)(id=cli))' finds all variables named cli.

            More formally

              filter        = "(" filtercomp ")"

              filtercomp    = "&" filterlist | # and
                             "|" filterlist | # or
                             "!" filterlist | # not
                             simple

              filterlist    = filter | filter filterlist

              simple        = tag op value

              op            = "=" |      # equality
                             "~=" |     # approximate equality
                             "<=" |     # lexicographically less than or equal to
                             ">="       # lexicographically greater than or equal to

              value         = string, may include '*' as a wild card

              tag: string class tag ("dataset" | "variable" | "database" | "axis" | "grid").
              Restricts the search to a class of objects

              relbase: string search base, relative to the database path
              scope: search scope (Subtree | Onelevel | Base). Subtree searches the base object and its descendants.

              Onelevel searches the base object and its immediate descendants. Base searches the base object alone.
            Default is Subtree.

                attnames:
                    list of attribute names. Restricts the attributes returned.

                timeout:
                    integer number of seconds before timeout.

        Returns
        -------
           SearchResult instance.

              Entries can be accessed sequentially.

                 For each entry,

                     entry.name is the name of the entry,

                     entry.attributes is a dictionary of the attributes returned by the search,

                     entry.getObject() returns the CDMS object associated with the entry:

                     for entry in result: print entry.name, entry.attributes["id"]

              Entries can be refined with searchPredicate().

        Example
        (1) Find all variables named "cli":

          result = db.searchFilter(filter="id=cli",tag="variable")

        (2) Find all objects in dataset "ncep_reanalysis_mo":

          result = db.searchFilter(relbase="dataset=ncep_reanalysis_mo"), scope=cdms.Onelevel)

        """
        if tag is None:
            tag = '*'
        newfilter = "(objectclass=%s)" % tag
        if filter is not None:
            if filter[0] != '(':
                filter = "(%s)" % filter
            newfilter = "(&%s%s)" % (newfilter, filter)

        if relbase is None:
            base = self.path
        else:
            base = "%s,%s" % (relbase, self.path)

        if attnames is None:
            atts = None
        else:
            atts = ["objectclass", "cdml", "id"] + attnames

        if cdmsobj._debug == 1:
            print(
                'Search filter:%s, scope %s, base: "%s", attributes=%s' %
                (newfilter, repr(scope), base, repr(atts)))
        if timeout is None:
            result = self.db.search_s(base, scope, newfilter, atts)
        else:
            result = self.db.search_s(base, scope, newfilter, atts, 0, timeout)
        searchResult = LDAPSearchResult(self, result)
        return searchResult


[docs]    def listDatasets(self):
        """ Return a list of the dataset IDs in this database."""
        entries = self.searchFilter(tag='dataset', scope=Onelevel)
        result = [x.attributes['id'][0] for x in entries]
        return result


# internattr.add_internal_attribute(LDAPDatabase, 'netloc', 'db')


class AbstractSearchResult:

[docs]    def __getitem__(self, key):
        ''' Method not yet implemented'''
        pass


[docs]    def __len__(self):
        '''Method not yet implemented'''
        pass


[docs]    def searchPredicate(self, predicate, tag=None):
        '''Method not yet implemented'''
        pass



class LDAPSearchResult(AbstractSearchResult):

    def __init__(self, db, LDAPresult):
        self.db = db
        self.result = LDAPresult

        # Scan the result for CDML attributes, cache them in the database
        for dn, attrs in self.result:
            if 'cdml' in attrs and 'datapath' in attrs:
                cdml = attrs['cdml'][0]
                datapath = attrs['datapath'][0]
                self.db.cachecdml(dn, cdml, datapath)
                del attrs['cdml']

    def __getitem__(self, key):
        if key >= len(self):
            raise IndexError('index out of bounds')

        dn, attributes = self.result[key]

        return LDAPResultEntry(self.db, dn, attributes)

[docs]    def searchPredicate(self, predicate, tag=None):
        """
        Method

            searchPredicate(predicate, tag=None)

        Description

            Refine a search result, with a predicate search.

        Arguments

            predicate: Function name or lambda function. The function takes a single CDMS object,
            and returns true (1) if the object satisfies the predicate, 0 if not.
            tag: Restrict the search to objects in one class.

        Returns
        -------
        SearchResult instance. Entries can be accessed sequentially. For each entry, entry.name is the
        name of the entry, entry.attributes is a dictionary of the attributes returned by the search,
        entry.getObject() returns the CDMS object associated with the entry:

          for entry in result:
            print entry.name, entry.attributes["id"]

        Entries can be refined with searchPredicate().

        Example
            (1) Find all variables on a 73x96 grid

            newresult = result.searchPredicate(lambda obj: obj.getGrid().shape==(73,96),"variable")
        """
        if tag is not None:
            tag = string.lower(tag)

        resultlist = []
        for entry in self:
            obj = entry.getObject()
            if tag is None or tag == entry.tag:
                try:
                    if predicate(*(obj,)) == 1:
                        resultlist.append((entry.name, entry.attributes))
                except BaseException:
                    pass

        return LDAPSearchResult(self.db, resultlist)


    def __len__(self):
        return len(self.result)


class AbstractResultEntry:

    def __init__(self, db):
        self.db = db

[docs]    def getObject(self):
        """
        Method
          getObject()

        Description
          Get the CDMS object associated with this entry.

        Returns
        -------
        Instance of a CDMS object.

        """

        if self.tag == "database":
            obj = self.db
        elif self.tag == "dataset":
            obj = self.db.getDataset(self.name)
        else:
            obj = self.db.getObjFromDataset(self.name)

        return obj



class LDAPResultEntry(AbstractResultEntry):

    def __init__(self, db, dn, attributes):
        AbstractResultEntry.__init__(self, db)
        self.name = dn
        self.attributes = attributes

        # Get the tag
        explodeddn = ldap.explode_dn(dn)
        rdn = explodeddn[0]
        matchobj = _Att.match(rdn)
        if matchobj is None:
            raise IndexError(InvalidEntryName + dn)

        self.tag = matchobj.group(1)
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  Source code for cdms2.dataset

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by foo
# Further modified to be pure new numpy June 24th 2008

""" CDMS dataset and file objects"""
from __future__ import print_function
from .error import CDMSError
import sys
from . import Cdunif
import numpy
from . import cdmsNode
import os
import string
try:
    from urllib.parse import urlparse, urlunparse
    from urllib.request import urlopen
except ImportError:
    from urlparse import urlparse, urlunparse
    from urllib import urlopen
from . import cdmsobj
import re
from .CDMLParser import CDMLParser
from .cdmsobj import CdmsObj
from .axis import Axis, FileAxis, FileVirtualAxis, isOverlapVector
from .coord import FileAxis2D, DatasetAxis2D
from .auxcoord import FileAuxAxis1D, DatasetAuxAxis1D
from .grid import RectGrid, FileRectGrid
from .hgrid import FileCurveGrid, DatasetCurveGrid
from .gengrid import FileGenericGrid, DatasetGenericGrid
from .variable import DatasetVariable
from .fvariable import FileVariable
from .tvariable import asVariable
from .cdmsNode import CdDatatypes
from . import convention
import warnings
from collections import OrderedDict
from six import string_types
from .util import getenv_bool

# Default is serial mode until setNetcdfUseParallelFlag(1) is called
rk = 0
sz = 1
Cdunif.CdunifSetNCFLAGS("use_parallel", 0)
CdMpi = False

mpi_disabled = getenv_bool("CDMS_NO_MPI", "False")

try:
    # skip trying to load mpi4py module
    if mpi_disabled:
        raise Exception()

    from mpi4py import rc
    rc.initialize = False
    from mpi4py import MPI
except BaseException:
    rk = 0

try:
    from . import gsHost
    from pycf import libCFConfig as libcf
except BaseException:
    libcf = None


DuplicateAxis = "Axis already defined: "


[docs]class DuplicateAxisError(CDMSError):
    pass



DuplicateGrid = "Grid already defined: "
DuplicateVariable = "Variable already defined: "
FileNotFound = "File not found: "
FileWasClosed = "File was closed: "
InvalidDomain = "Domain elements must be axes or grids"
ModeNotSupported = "Mode not supported: "
SchemeNotSupported = "Scheme not supported: "

# Regular expressions for parsing the file map.
_Name = re.compile(r'[a-zA-Z_:][-a-zA-Z0-9._:]*')
_ListStartPat = r'\[\s*'
_ListStart = re.compile(_ListStartPat)
_ListEndPat = r'\s*\]'
_ListEnd = re.compile(_ListEndPat)
_ListSepPat = r'\s*,\s*'
_ListSep = re.compile(_ListSepPat)
_IndexPat = r'(\d+|-)'
_FilePath = r"([^\s\]\',]+)"
# Two file map patterns, _IndexList4 is the original one, _IndexList5 supports
# forecast data too...
_IndexList4 = re.compile(
    _ListStartPat +
    _IndexPat +
    _ListSepPat +
    _IndexPat +
    _ListSepPat +
    _IndexPat +
    _ListSepPat +
    _IndexPat +
    _ListSepPat +
    _FilePath +
    _ListEndPat)
_IndexList5 = re.compile(
    _ListStartPat +
    _IndexPat +
    _ListSepPat +
    _IndexPat +
    _ListSepPat +
    _IndexPat +
    _ListSepPat +
    _IndexPat +
    _ListSepPat +
    _IndexPat +
    _ListSepPat +
    _FilePath +
    _ListEndPat)

_NPRINT = 20
_showCompressWarnings = True


[docs]def setCompressionWarnings(value=None):
    """Turn on/off the warnings for compression.

    Parameters
    ----------
    value : *  0/1 False/True 'no'/'yes' or None (which sets it to the opposite

    Returns
    -------
    Return set value.
    """
    global _showCompressWarnings
    if value is None:
        value = not _showCompressWarnings
    if isinstance(value, string_types):
        if not value.slower() in ['y', 'n', 'yes', 'no']:
            raise CDMSError(
                "setCompressionWarnings flags must be yes/no or 1/0, or None to invert it")
        if value.lower()[0] == 'y':
            value = 1
        else:
            value = 0
    if not isinstance(value, (int, bool)):
        raise CDMSError(
            "setCompressionWarnings flags must be yes/no or 1/0, or None to invert it")

    if value in [1, True]:
        _showCompressWarnings = True
    elif value in [0, False]:
        _showCompressWarnings = False
    else:
        raise CDMSError(
            "setCompressionWarnings flags must be yes\/no or 1\/0, or None to invert it")

    return _showCompressWarnings



[docs]def setNetcdfUseNCSwitchModeFlag(value):
    """Tells cdms2 to switch constantly between netcdf define/write modes.

       Parameters
       ----------
       value : 0/1, False/True.

       Returns
       -------
       No return value.
    """

    if value not in [True, False, 0, 1]:
        raise CDMSError(
            "Error UseNCSwitchMode flag must be 1(can use)/0(do not use) or true/False")
    if value in [0, False]:
        Cdunif.CdunifSetNCFLAGS("use_define_mode", 0)
    else:
        Cdunif.CdunifSetNCFLAGS("use_define_mode", 1)



[docs]def setNetcdfUseParallelFlag(value):
    """Enable/Disable NetCDF MPI I/O (Paralllelism).

       Parameters
       ----------
       value : 0/1, False/True.

       Returns
       -------
       No return value.
    """
    if mpi_disabled:
        raise CDSMError("MPI support is disabled.")

    global CdMpi
    if value not in [True, False, 0, 1]:
        raise CDMSError(
            "Error UseParallel flag must be 1(can use)/0(do not use) or true/False")
    if value in [0, False]:
        Cdunif.CdunifSetNCFLAGS("use_parallel", 0)
    else:
        Cdunif.CdunifSetNCFLAGS("use_parallel", 1)
        CdMpi = True
        if not MPI.Is_initialized():
            MPI.Init()



[docs]def getMpiRank():
    """Return number of processor available.

       Returns
       -------
       rank or 0 if MPI is not enabled.
    """
    if CdMpi:
        rk = MPI.COMM_WORLD.Get_rank()
        return rk
    else:
        return 0



[docs]def getMpiSize():
    """Return MPI size.

       Returns
       -------
       MPI size or 0 if MPI is not enabled.
    """
    if CdMpi:
        sz = MPI.COMM_WORLD.Get_size()
        return sz
    else:
        return 1



[docs]def setNetcdf4Flag(value):
    """Enable netCDF4 (HDF5) mode in libnetcdf.

       Parameters
       ----------
       value : 0/1, False/True.

       Returns
       -------
       No return value.
    """
    if value not in [True, False, 0, 1]:
        raise CDMSError("Error NetCDF4 flag must be 1/0 or true/False")
    if value in [0, False]:
        Cdunif.CdunifSetNCFLAGS("netcdf4", 0)
    else:
        Cdunif.CdunifSetNCFLAGS("netcdf4", 1)



[docs]def setNetcdfClassicFlag(value):
    """Enable netCDF3 (classic) mode in libnetcdf.

       Parameters
       ----------
       value : 0/1, False/True.

       Returns
       -------
       No return value.
    """
    if value not in [True, False, 0, 1]:
        raise CDMSError("Error NetCDF Classic flag must be 1/0 or true/False")
    if value in [0, False]:
        Cdunif.CdunifSetNCFLAGS("classic", 0)
    else:
        Cdunif.CdunifSetNCFLAGS("classic", 1)



[docs]def setNetcdfShuffleFlag(value):
    """Enable/Disable NetCDF shuffle.

       Parameters
       ----------
       value : 0/1, False/True.

       Returns
       -------
       No return value.
    """
    if value not in [True, False, 0, 1]:
        raise CDMSError("Error NetCDF Shuffle flag must be 1/0 or true/False")
    if value in [0, False]:
        Cdunif.CdunifSetNCFLAGS("shuffle", 0)
    else:
        Cdunif.CdunifSetNCFLAGS("shuffle", 1)



[docs]def setNetcdfDeflateFlag(value):
    """Enable/Disable NetCDF deflattion.

       Parameters
       ----------
       value : 0/1, False/True.

       Returns
       -------
       No return value.
    """
    if value not in [True, False, 0, 1]:
        raise CDMSError("Error NetCDF deflate flag must be 1/0 or true/False")
    if value in [0, False]:
        Cdunif.CdunifSetNCFLAGS("deflate", 0)
    else:
        Cdunif.CdunifSetNCFLAGS("deflate", 1)



[docs]def setNetcdfDeflateLevelFlag(value):
    """Sets NetCDF deflate level flag value

       Parameters
       ----------
       value : Deflation Level 1-9.

       Returns
       -------
       No return value.
    """
    if value not in [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]:
        raise CDMSError(
            "Error NetCDF deflate_level flag must be an integer < 10")
    Cdunif.CdunifSetNCFLAGS("deflate_level", value)



[docs]def getNetcdfUseNCSwitchModeFlag():
    """Get current netCDF define mode.

       Returns
       -------
       NetCDF define mode .
    """
    return Cdunif.CdunifGetNCFLAGS("use_define_mode")



[docs]def getNetcdfUseParallelFlag():
    """Get NetCDF UseParallel flag value.

       Parameters
       ----------
       value : 0/1, False/True

       Returns
       -------
       No return value.
    """
    return Cdunif.CdunifGetNCFLAGS("use_parallel")



[docs]def getNetcdf4Flag():
    """Get Net CD 4 Flag
       Returns
       -------
       NetCDF4 flag value.
    """
    return Cdunif.CdunifGetNCFLAGS("netcdf4")



[docs]def getNetcdfClassicFlag():
    """Get Net CDF Classic Flag

       Returns
       -------
       NetCDF classic flag value.
    """
    return Cdunif.CdunifGetNCFLAGS("classic")



[docs]def getNetcdfShuffleFlag():
    """Get Net CDF Shuffle Flag

       Returns
       -------
       NetCDF shuffle flag value.
    """
    return Cdunif.CdunifGetNCFLAGS("shuffle")



[docs]def getNetcdfDeflateFlag():
    """Get Net CDF Deflate Flag

       Returns
       -------
       NetCDF deflate flag value.
    """
    return Cdunif.CdunifGetNCFLAGS("deflate")



[docs]def getNetcdfDeflateLevelFlag():
    """Get Net CDF Deflate Level Flag

       Returns
       -------
       NetCDF deflate level flag value.
    """
    return Cdunif.CdunifGetNCFLAGS("deflate_level")



[docs]def useNetcdf3():
    """ Turns off (0) NetCDF flags for shuffle/cuDa/deflatelevel
    Output files are generated as NetCDF3 Classic after that

    Returns
    -------
    No return value.
    """
    setNetcdfShuffleFlag(0)
    setNetcdfDeflateFlag(0)
    setNetcdfDeflateLevelFlag(0)
    setNetcdf4Flag(0)


# Create a tree from a file path.
# Returns the parse tree root node.


[docs]def load(path):
    fd = open(path)
    text = fd.read()
    fd.close()
    p = CDMLParser()
    p.feed(text)
    p.close()
    return p.getRoot()


# Create a tree from a URI
# URI is of the form scheme://netloc/path;parameters?query#fragment
# where fragment may be an XPointer.
# Returns the parse tree root node.


[docs]def loadURI(uri):
    (scheme, netloc, path, parameters, query, fragment) = urlparse(uri)
    uripath = urlunparse((scheme, netloc, path, '', '', ''))
    fd = urlopen(uripath)
    text = fd.read()
    fd.close()
    p = CDMLParser()
    p.feed(text)
    p.close()
    return p.getRoot()


# Create a dataset
# 'path' is the XML file name, or netCDF filename for simple file create
# 'template' is a string template for the datafile(s), for dataset creation


[docs]def createDataset(path, template=None):
    """Create a dataset.

       Parameters
       ----------
       path : is the XML file name, or netCDF filename for simple file creation.

       template : is a string template for the datafile(s), for dataset creation.

       Returns
       -------
       writing file handle.
    """
    return openDataset(path, 'w', template)



# Open an existing dataset
# 'uri' is a Uniform Resource Identifier, referring to a cdunif file, XML file,
#   or LDAP URL of a catalog dataset entry.
# 'mode' is 'r', 'r+', 'a', or 'w'

[docs]def openDataset(uri, mode='r', template=None, dods=1, dpath=None, hostObj=None):
    """Open Dataset

    Parameters
    ----------
    uri : str
        Filename to open.
    mode : str
        Mode to open file with.
        'r': Read (default)
        'w': Write
        'a': Append
    template : str
        Template for the datafile(s) used for dataset creation.
    dods : int
        Opens remote/local files when set to 1 or attempts to open local when set 0.
    dpath : str
        Destination path.

    Returns
    -------
    cdms2.CdmsFile
        Opened handle to file.
    """
    uri = uri.strip()
    (scheme, netloc, path, parameters, query, fragment) = urlparse(uri)
    if scheme in ('', 'file'):
        if netloc:
            # In case of relative path...
            path = netloc + path
        path = os.path.expanduser(path)
        path = os.path.normpath(os.path.join(os.getcwd(), path))

        root, ext = os.path.splitext(path)
        if ext in ['.xml', '.cdml']:
            if mode != 'r':
                raise ModeNotSupported(mode)
            datanode = load(path)
        else:
            # If the doesn't exist allow it to be created
            # Ok mpi has issues with bellow we need to test this only with 1
            # rank
            if mode == "r" and not os.path.exists(path):
                raise FileNotFoundError(path)
            elif mode == "w":
                try:
                    os.remove(path)
                except BaseException:
                    pass
                return CdmsFile(path, mode, mpiBarrier=CdMpi)

            if libcf is not None:
                file = CdmsFile(path, mode, hostObj)

                if hasattr(file, libcf.CF_FILETYPE):
                    if getattr(file, libcf.CF_FILETYPE) == libcf.CF_GLATT_FILETYPE_HOST:
                        file.close()
                        file = gsHost.open(path, mode)
                return file
            else:
                return CdmsFile(path, mode)
    elif scheme in ['http', 'gridftp', 'https']:

        if (dods):
            if mode != 'r':
                raise ModeNotSupported(mode)
            # DODS file?
            try:
                file = CdmsFile(uri, mode)
                return file
            except Exception:
                msg = "Error in DODS open of: " + uri
                if os.path.exists(os.path.join(
                        os.path.expanduser("~"), ".dodsrc")):
                    msg += "\nYou have a .dodsrc in your HOME directory, try to remove it"
                raise CDMSError(msg)
        else:
            try:
                datanode = loadURI(uri)
                return datanode
            except BaseException:
                datanode = loadURI(uri)
                raise CDMSError("Error in loadURI of: " + uri)

    else:
        raise SchemeNotSupported(scheme)

    # Determine dpath, the absolute path to data files:
    # dpath =
    # (1) head + node.directory, if .directory is relative
    # (2) node.directory, if absolute
    # (3) head, if no directory entry found (assume XML file is
    #       at top level of data directory)
    #
    # Note: In general, dset.datapath is relative to the URL of the
    #   enclosing database, but here the database is null, so the
    #   datapath should be absolute.
    if dpath is None:
        direc = datanode.getExternalAttr('directory')
        head = os.path.dirname(path)
        if direc and (os.path.isabs(direc) or urlparse(direc).scheme != ''):
            dpath = direc
        elif direc:
            dpath = os.path.join(head, direc)
        else:
            dpath = head

    dataset = Dataset(uri, mode, datanode, None, dpath)
    return dataset


# Functions for parsing the file map.


[docs]def parselist(text, f):
    """Parse a string of the form [A, A, ...].

       Parameters
       ----------
       text : Input String.

       f : function which parses A and returns (A, nconsumed).

       Returns
       -------
       Parser results.
       n number of matches.
    """

    n = 0
    m = _ListStart.match(text)
    if m is None:
        raise CDMSError("Parsing cdms_filemap near " + text[0:_NPRINT])
    result = []
    n += m.end()
    s, nconsume = f(text[n:])
    result.append(s)
    n += nconsume
    while True:
        m = _ListSep.match(text[n:])
        if m is None:
            break
        else:
            n += m.end()
        s, nconsume = f(text[n:])
        result.append(s)
        n += nconsume
    m = _ListEnd.match(text[n:])
    if m is None:
        raise CDMSError("Parsing cdms_filemap near " + text[n:n + _NPRINT])
    n += m.end()
    return result, n



[docs]def parseIndexList(text):
    """Parse a string of the form [i,j,k,l,...,path].

    Parameters
    ----------
    text : i,j,k,l,... are indices or '-', and path is a filename. Coerce the indices to integers.

    Returns
    -------
    Parser results.
    n number of matches.
    """
    m = _IndexList4.match(text)
    nindices = 4
    if m is None:
        m = _IndexList5.match(text)
        nindices = 5
    if m is None:
        raise CDMSError("Parsing cdms_filemap near " + text[0:_NPRINT])
    result = [None] * (nindices + 1)
    for i in range(nindices):
        s = m.group(i + 1)
        if s != '-':
            result[i] = int(s)
    result[nindices] = m.group(nindices + 1)
    return result, m.end()



[docs]def parseName(text):
    m = _Name.match(text)
    if m is None:
        raise CDMSError("Parsing cdms_filemap near " + text[0:_NPRINT])
    return m.group(), m.end()



[docs]def parseVarMap(text):
    """Parse a string of the form [ namelist, slicelist ]"""
    n = 0
    m = _ListStart.match(text)
    if m is None:
        raise CDMSError("Parsing cdms_filemap near " + text[0:_NPRINT])
    result = []
    n += m.end()
    s, nconsume = parselist(text[n:], parseName)
    result.append(s)
    n += nconsume
    m = _ListSep.match(text[n:])
    if m is None:
        raise CDMSError("Parsing cdms_filemap near " + text[n:n + _NPRINT])
    n += m.end()
    s, nconsume = parselist(text[n:], parseIndexList)
    result.append(s)
    n += nconsume
    m = _ListEnd.match(text[n:])
    if m is None:
        raise CDMSError("Parsing cdms_filemap near " + text[n:n + _NPRINT])
    n += m.end()
    return result, n



[docs]def parseFileMap(text):
    """Parse a CDMS filemap.

       Parameters
       ----------
       filemap : list [ varmap, varmap, ...]

       varmap : list [ namelist, slicelist ]

       namelist : list [name, name, ...]

       slicelist : list [indexlist, indexlist, ,,,]

       indexlist : list [i,j,k,l,path]

       Returns
       -------
       Parsing results.
    """
    result, n = parselist(text, parseVarMap)
    if n < len(text):
        raise CDMSError("Parsing cdms_filemap near " + text[n:n + _NPRINT])
    return result



# A CDMS dataset consists of a CDML/XML file and one or more data files
try:
    from .cudsinterface import cuDataset
except BaseException:
    pass


[docs]class Dataset(CdmsObj, cuDataset):

    def __init__(self, uri, mode, datasetNode=None,
                 parent=None, datapath=None):
        if datasetNode is not None and datasetNode.tag != 'dataset':
            raise CDMSError('Node is not a dataset node')
        CdmsObj.__init__(self, datasetNode)
        for v in ['datapath',
                  'variables',
                  'axes',
                  'grids',
                  'xlinks',
                  'dictdict',
                  'default_variable_name',
                  'parent',
                  'uri',
                  'mode']:
            if v not in self.__cdms_internals__:
                val = self.__cdms_internals__ + [v, ]
                self.___cdms_internals__ = val

        cuDataset.__init__(self)
        self.parent = parent
        self.uri = uri
        self.mode = mode
        # Path of data files relative to parent db.
        # Note: .directory is the location of data relative to the location of
        # the XML file
        self.datapath = datapath
        self.variables = {}
        self.axes = {}
        self.grids = {}
        self.xlinks = {}
        self._gridmap_ = {}
        # Gridmap:(latname,lonname,order,maskname,gridclass) => grid
        (scheme, netloc, xmlpath, parameters,
         query, fragment) = urlparse(uri)
        self._xmlpath_ = xmlpath
        # Dictionary of dictionaries, keyed on node tags
        self.dictdict = {'variable': self.variables,
                         'axis': self.axes,
                         'rectGrid': self.grids,
                         'curveGrid': self.grids,
                         'genericGrid': self.grids,
                         'xlink': self.xlinks
                         }
        # Dataset IDs are external, so may not have been defined yet.
        if not hasattr(self, 'id'):
            self.id = '<None>'
        self._status_ = 'open'
        self._convention_ = convention.getDatasetConvention(self)

        # Collect named children (having attribute 'id') into dictionaries
        if datasetNode is not None:
            coordsaux = self._convention_.getDsetnodeAuxAxisIds(datasetNode)

            for node in list(datasetNode.getIdDict().values()):
                if node.tag == 'variable':
                    if node.id in coordsaux:
                        if node.getDomain().getChildCount() == 1:
                            obj = DatasetAuxAxis1D(self, node.id, node)
                        else:
                            obj = DatasetAxis2D(self, node.id, node)
                    else:
                        obj = DatasetVariable(self, node.id, node)
                    self.variables[node.id] = obj
                elif node.tag == 'axis':
                    obj = Axis(self, node)
                    self.axes[node.id] = obj
                elif node.tag == 'rectGrid':
                    obj = RectGrid(self, node)
                    self.grids[node.id] = obj
#                elif node.tag == 'xlink':
#                    obj = Xlink(node)
#                    self.xlinks[node.id] = obj
                else:
                    dict = self.dictdict.get(node.tag)
                    if dict is not None:
                        dict[node.id] = node
                    else:
                        self.dictdict[node.tag] = {node.id: node}

            # Initialize grid domains
            for grid in list(self.grids.values()):
                grid.initDomain(self.axes, self.variables)
                latname = grid.getLatitude().id
                lonname = grid.getLongitude().id
                mask = grid.getMaskVar()
                if mask is None:
                    maskname = ""
                else:
                    maskname = mask.id
                self._gridmap_[
                    (latname, lonname, grid.getOrder(), maskname)] = grid

            # Initialize variable domains.
            for var in list(self.variables.values()):
                var.initDomain(self.axes, self.grids)

            for var in list(self.variables.values()):

                # Get grid information for the variable. gridkey has the form
                # (latname,lonname,order,maskname,abstract_class).
                gridkey, lat, lon = var.generateGridkey(
                    self._convention_, self.variables)

                # If the variable is gridded, lookup the grid. If no such grid exists,
                # create a unique gridname, create the grid, and add to the
                # gridmap.
                if gridkey is None:
                    grid = None
                else:
                    grid = self._gridmap_.get(gridkey)
                    if grid is None:
                        if hasattr(var, 'grid_type'):
                            gridtype = var.grid_type
                        else:
                            gridtype = "generic"

                        candidateBasename = None
                        if gridkey[4] == 'rectGrid':
                            gridshape = (len(lat), len(lon))
                        elif gridkey[4] == 'curveGrid':
                            gridshape = lat.shape
                        elif gridkey[4] == 'genericGrid':
                            gridshape = lat.shape
                            candidateBasename = 'grid_%d' % gridshape
                        else:
                            gridshape = (len(lat), len(lon))

                        if candidateBasename is None:
                            candidateBasename = 'grid_%dx%d' % gridshape
                        if candidateBasename not in self.grids:
                            gridname = candidateBasename
                        else:
                            foundname = 0
                            for i in range(97, 123):  # Lower-case letters
                                candidateName = candidateBasename + \
                                    '_' + chr(i)
                                if candidateName not in self.grids:
                                    gridname = candidateName
                                    foundname = 1
                                    break

                            if not foundname:
                                print(
                                    'Warning: cannot generate a grid for variable', var.id)
                                continue

                        # Create the grid
                        if gridkey[4] == 'rectGrid':
                            node = cdmsNode.RectGridNode(
                                gridname, lat.id, lon.id, gridtype, gridkey[2])
                            grid = RectGrid(self, node)
                            grid.initDomain(self.axes, self.variables)
                        elif gridkey[4] == 'curveGrid':
                            grid = DatasetCurveGrid(lat, lon, gridname, self)
                        else:
                            grid = DatasetGenericGrid(lat, lon, gridname, self)
                        self.grids[grid.id] = grid
                        self._gridmap_[gridkey] = grid

                # Set the variable grid
                var.setGrid(grid)

            # Attach boundary variables
            for name in coordsaux:
                var = self.variables[name]
                bounds = self._convention_.getVariableBounds(self, var)
                var.setBounds(bounds)

        # Create the internal filemap, if attribute 'cdms_filemap' is present.
        # _filemap_ is a dictionary, mapping (varname, timestart, levstart) => path
        #
        # Also, for each partitioned variable, set attribute '_varpart_' to [timepart, levpart]
        # where timepart is the partition for time (or None if not time-dependent)
        # and levpart is the partition in the level dimension, or None if not applicable.
        #
        # For variables partitioned in both time and level dimension, it is assumed that
        # for a given variable the partitions are orthogonal. That is, for a given
        # variable, at any timeslice the level partition is the same.
        if hasattr(self, 'cdms_filemap'):
            self._filemap_ = {}
            filemap = parseFileMap(self.cdms_filemap)
            for varlist, varmap in filemap:
                for varname in varlist:
                    timemap = {}
                    levmap = {}
                    fcmap = {}
                    # The for loop was:
                    # for tstart, tend, levstart, levend, path in varmap:
                    # but now there _may_ be an additional item before path...
                    for varm1 in varmap:
                        tstart, tend, levstart, levend = varm1[0:4]
                        if (len(varm1) >= 6):
                            forecast = varm1[4]
                        else:
                            forecast = None
                        path = varm1[-1]
                        self._filemap_[
                            (varname, tstart, levstart, forecast)] = path
                        if tstart is not None:
                            # Collect unique (tstart, tend) tuples
                            timemap[(tstart, tend)] = 1
                        if levstart is not None:
                            levmap[(levstart, levend)] = 1
                        if forecast is not None:
                            fcmap[(forecast, forecast)] = 1
                    tkeys = list(timemap.keys())
                    if len(tkeys) > 0:
                        tkeys.sort()
                        tpart = [list(x) for x in tkeys]
                    else:
                        tpart = None
                    levkeys = list(levmap.keys())
                    if len(levkeys) > 0:
                        levkeys.sort()
                        levpart = [list(x) for x in levkeys]
                    else:
                        levpart = None
                    fckeys = list(fcmap.keys())
                    if len(fckeys) > 0:
                        fckeys.sort()
                    if varname in self.variables:
                        self.variables[varname]._varpart_ = [tpart, levpart]

[docs]    def getConvention(self):
        """Get the metadata convention associated with this dataset or file."""
        return self._convention_


    # Get a dictionary of objects with the given tag
[docs]    def getDictionary(self, tag):
        return self.dictdict[tag]


    # Synchronize writes with data/metadata files
[docs]    def sync(self):
        pass


    # Close all files
[docs]    def close(self):
        for dict in list(self.dictdict.values()):
            for obj in list(dict.values()):
                obj.parent = None
                del obj
        self.dictdict = {}
        self.variables = {}
        self.axes = {}
        self.grids = {}
        self.xlinks = {}
        self.parent = None
        self._status_ = 'closed'


# Note: Removed to allow garbage collection of reference cycles
# def __del__(self):
# if cdmsobj._debug==1:
# print 'Deleting dataset',self.id
# self.close()

    # Create an axis
    # 'name' is the string name of the Axis
    # 'ar' is the 1-D data array, or None for an unlimited axis
    # Return an axis object.
[docs]    def createAxis(self, name, ar):
        pass


    # Create an implicit rectilinear grid. lat, lon, and mask are objects.
    # order and type are strings
[docs]    def createRectGrid(self, id, lat, lon, order, type="generic", mask=None):
        """Create rectilinear grid.

        Parameters
        ----------
        id : str
            Identifier for the grid.
        lat : (cdms2.TransientAxis, cdms2.FileAxis)
            Latitude axis used to generate grid.
        lon : (cdms2.TransientAxis, cdms2.FileAxis)
            Longitude axis used to generate grid.
        order : str
            Order of axis e.g. "yx"
        mask : (numpy.ndarray)
            Array containing mask.
        """
        node = cdmsNode.RectGridNode(id, lat.id, lon.id, type, order, mask.id)
        grid = RectGrid(self, node)
        grid.initDomain(self.axes, self.variables)
        self.grids[grid.id] = grid

#        self._gridmap_[gridkey] = grid

    # Create a variable
    # 'name' is the string name of the Variable
    # 'datatype' is a CDMS datatype
    # 'axisnames' is a list of axes or grids
    # Return a variable object.
[docs]    def createVariable(self, name, datatype, axisnames):
        pass


    # Search for a pattern in a string-valued attribute. If attribute is None,
    # search all string attributes. If tag is 'dataset', just check the dataset,
    # else check all nodes in the dataset of class type matching the tag. If tag
    # is None, search the dataset and all objects contained in it.
[docs]    def searchPattern(self, pattern, attribute, tag):
        resultlist = []
        if tag is not None:
            tag = string.lower(tag)
        if tag in ('dataset', None):
            if self.searchone(pattern, attribute) == 1:
                resultlist = [self]
            else:
                resultlist = []
        if tag is None:
            for dict in list(self.dictdict.values()):
                for obj in list(dict.values()):
                    if obj.searchone(pattern, attribute):
                        resultlist.append(obj)
        elif tag != 'dataset':
            dict = self.dictdict[tag]
            for obj in list(dict.values()):
                if obj.searchone(pattern, attribute):
                    resultlist.append(obj)
        return resultlist


    # Match a pattern in a string-valued attribute. If attribute is None,
    # search all string attributes. If tag is 'dataset', just check the dataset,
    # else check all nodes in the dataset of class type matching the tag. If tag
    # is None, search the dataset and all objects contained in it.
[docs]    def matchPattern(self, pattern, attribute, tag):
        resultlist = []
        if tag is not None:
            tag = string.lower(tag)
        if tag in ('dataset', None):
            if self.matchone(pattern, attribute) == 1:
                resultlist = [self]
            else:
                resultlist = []
        if tag is None:
            for dict in list(self.dictdict.values()):
                for obj in list(dict.values()):
                    if obj.matchone(pattern, attribute):
                        resultlist.append(obj)
        elif tag != 'dataset':
            dict = self.dictdict[tag]
            for obj in list(dict.values()):
                if obj.matchone(pattern, attribute):
                    resultlist.append(obj)
        return resultlist


    # Apply a predicate, returning a list of all objects in the dataset
    # for which the predicate is true. The predicate is a function which
    # takes a dataset as an argument, and returns true or false. If the
    # tag is 'dataset', the predicate is applied to the dataset only.
    # If 'variable', 'axis', etc., it is applied only to that type of object
    # in the dataset. If None, it is applied to all objects, including
    # the dataset itself.
[docs]    def searchPredicate(self, predicate, tag):
        resultlist = []
        if tag is not None:
            tag = string.lower(tag)
        if tag in ('dataset', None):
            try:
                if predicate(*(self,)) == 1:
                    resultlist.append(self)
            except AttributeError:
                pass
        if tag is None:
            for dict in list(self.dictdict.values()):
                for obj in list(dict.values()):
                    try:
                        if predicate(*(obj,)) == 1:
                            resultlist.append(obj)
                    except AttributeError:
                        pass
        elif tag != "dataset":
            dict = self.dictdict[tag]
            for obj in list(dict.values()):
                try:
                    if predicate(*(obj,)) == 1:
                        resultlist.append(obj)
                except BaseException:
                    pass
        return resultlist


    # Return a sorted list of all data files associated with the dataset
[docs]    def getPaths(self):
        pathdict = {}
        for var in list(self.variables.values()):
            for path, stuple in var.getPaths():
                pathdict[path] = 1
        result = sorted(list(pathdict.keys()))
        return result


    # Open a data file associated with this dataset.
    # <filename> is relative to the self.datapath
    # <mode> is the open mode.
[docs]    def openFile(self, filename, mode):

        # Opened via a local XML file?
        if self.parent is None:
            path = os.path.join(self.datapath, filename)
            if cdmsobj._debug == 1:
                sys.stdout.write(path + '\n')
                sys.stdout.flush()
            f = Cdunif.CdunifFile(path, mode)
            return f

        # Opened via a database
        else:
            dburls = self.parent.url
            if not isinstance(dburls, type([])):
                dburls = [dburls]

            # Try first to open as a local file
            for dburl in dburls:
                if os.path.isabs(self.directory):
                    fileurl = os.path.join(self.directory, filename)
                else:
                    try:
                        fileurl = os.path.join(dburl, self.datapath, filename)
                    except BaseException:
                        print(
                            'Error joining',
                            repr(dburl),
                            self.datapath,
                            filename)
                        raise
                (scheme, netloc, path, parameters, query,
                 fragment) = urlparse(fileurl)
                if scheme in ['file', ''] and os.path.isfile(path):
                    if cdmsobj._debug == 1:
                        sys.stdout.write(fileurl + '\n')
                        sys.stdout.flush()
                    f = Cdunif.CdunifFile(path, mode)
                    return f

            # See if request manager is being used for file transfer
            db = self.parent
            if db.usingRequestManager():
                cache = db.enableCache()
                lcbase = db.lcBaseDN
                lcpath = self.getLogicalCollectionDN(lcbase)

                # File location is logical collection path combined with
                # relative filename
                fileDN = (self.uri, filename)
                path = cache.getFile(
                    filename,
                    fileDN,
                    lcpath=lcpath,
                    userid=db.userid,
                    useReplica=db.useReplica)
                try:
                    f = Cdunif.CdunifFile(path, mode)
                except BaseException:                    # Try again, in case another process clobbered this file
                    path = cache.getFile(fileurl, fileDN)
                    f = Cdunif.CdunifFile(path, mode)
                return f

            # Try to read via FTP:

            for dburl in dburls:
                fileurl = os.path.join(dburl, self.datapath, filename)
                (scheme, netloc, path, parameters, query,
                 fragment) = urlparse(fileurl)
                if scheme == 'ftp':
                    cache = self.parent.enableCache()
                    fileDN = (self.uri, filename)  # Global file name
                    path = cache.getFile(fileurl, fileDN)
                    try:
                        f = Cdunif.CdunifFile(path, mode)
                    except BaseException:                        # Try again, in case another process clobbered this
                        # file
                        path = cache.getFile(fileurl, fileDN)
                        f = Cdunif.CdunifFile(path, mode)
                    return f

            # File not found
            raise FileNotFound(filename)


[docs]    def getLogicalCollectionDN(self, base=None):
        """Return the logical collection distinguished name of this dataset.

           Notes
           -----
           If <base> is defined, append it to the lc name.
        """
        if hasattr(self, "lc"):
            dn = self.lc
        else:
            dn = "lc=%s" % self.id
        if base is not None:
            dn = "%s,%s" % (dn, base)
        return dn


[docs]    def getVariable(self, id):
        """Get the variable object with the given id.

         Returns
         -------
         None if not found."""
        return self.variables.get(id)


[docs]    def getVariables(self, spatial=0):
        """Get a list of variable objects. If spatial=1, only return those
        axes defined on latitude or longitude, excluding weights and bounds."""
        retval = list(self.variables.values())
        if spatial:
            retval = [x for x in retval if x.id[
                0:7] != "bounds_" and x.id[
                0:8] != "weights_" and (
                (x.getLatitude() is not None) or (
                    x.getLongitude() is not None) or (
                    x.getLevel() is not None))]
        return retval


[docs]    def getAxis(self, id):
        """Get the axis object with the given id.

         Returns
         -------
         None if not found."""
        return self.axes.get(id)


[docs]    def getGrid(self, id):
        """Get the grid object with the given id.

         Returns
         -------
         None if not found."""
        return self.grids.get(id)


    def __repr__(self):
        return "<Dataset: '%s', URI: '%s', mode: '%s', status: %s>" % (
            self.id, self.uri, self.mode, self._status_)



# internattr.add_internal_attribute (Dataset, 'datapath',
# 'variables',
# 'axes',
# 'grids',
# 'xlinks',
# 'dictdict',
# 'default_variable_name',
# 'parent',
# 'uri',
# 'mode')


[docs]class CdmsFile(CdmsObj, cuDataset):

    def __init__(self, path, mode, hostObj=None, mpiBarrier=False):

        if mpiBarrier:
            MPI.COMM_WORLD.Barrier()

        CdmsObj.__init__(self, None)
        cuDataset.__init__(self)
        value = self.__cdms_internals__ + ['datapath',
                                           'variables',
                                           'axes',
                                           'grids',
                                           'xlinks',
                                           'dictdict',
                                           'default_variable_name',
                                           'id',
                                           'uri',
                                           'parent',
                                           'mode']
        self.___cdms_internals__ = value
        self.id = path
        if "://" in path:
            self.uri = path
        else:
            self.uri = "file://" + os.path.abspath(os.path.expanduser(path))
        self._mode_ = mode
        if mode[0].lower() == "w":
            try:
                os.remove(path)
            except BaseException:
                pass
        self._file_ = Cdunif.CdunifFile(path, mode)
        self.variables = {}
        self.axes = {}
        self.grids = {}
        self.xlinks = {}
        self._gridmap_ = {}

        # self.attributes returns the Cdunif file dictionary.
# self.replace_external_attributes(self._file_.__dict__)
        for att in self._file_.__dict__.keys():
            self.__dict__.__setitem__(att, self._file_.__dict__[att])
            self.attributes[att] = self._file_.__dict__[att]
        self._boundAxis_ = None         # Boundary axis for cell vertices
        if self._mode_ == 'w':
            self.Conventions = convention.CFConvention.current
        self._status_ = 'open'
        self._convention_ = convention.getDatasetConvention(self)

        try:

            # A mosaic variable with coordinates attached, but the coordinate variables reside in a
            # different file. Add the coordinate variables to the mosaic
            # variables list.
            if hostObj is not None:
                for name in list(self._file_.variables.keys()):
                    if 'coordinates' in dir(self._file_.variables[name]):
                        coords = self._file_.variables[name].coordinates.split(
                        )
                        for coord in coords:
                            if coord not in list(self._file_.variables.keys()):
                                cdunifvar = Cdunif.CdunifFile(
                                    hostObj.gridVars[coord][0], mode)
                                self._file_.variables[coord] = cdunifvar.variables[coord]

            # Get lists of 1D and auxiliary coordinate axes
            coords1d = self._convention_.getAxisIds(self._file_.variables)
            coordsaux = self._convention_.getAxisAuxIds(
                self._file_.variables, coords1d)

            # Build variable list
            for name in list(self._file_.variables.keys()):
                if name not in coords1d:
                    cdunifvar = self._file_.variables[name]
                    if name in coordsaux:
                        # Put auxiliary coordinate axes with variables, since there may be
                        # a dimension with the same name.
                        if len(cdunifvar.shape) == 2:
                            self.variables[name] = FileAxis2D(
                                self, name, cdunifvar)
                        else:
                            self.variables[name] = FileAuxAxis1D(
                                self, name, cdunifvar)
                    else:
                        self.variables[name] = FileVariable(
                            self, name, cdunifvar)

            # Build axis list
            for name in sorted(self._file_.dimensions.keys()):
                if name in coords1d:
                    cdunifvar = self._file_.variables[name]
                elif name in coordsaux:
                    cdunifvar = self._file_.variables[name]
                else:
                    cdunifvar = None
                self.axes[name] = FileAxis(self, name, cdunifvar)
            self.axes = OrderedDict(sorted(list(self.axes.items())))

            # Attach boundary variables
            for name in coordsaux:
                var = self.variables[name]
                bounds = self._convention_.getVariableBounds(self, var)
                var.setBounds(bounds)

            self.dictdict = {
                'variable': self.variables,
                'axis': self.axes,
                'rectGrid': self.grids,
                'curveGrid': self.grids,
                'genericGrid': self.grids}

            # Initialize variable domains
            for var in list(self.variables.values()):
                var.initDomain(self.axes)

            # Build grids
            for var in list(self.variables.values()):
                # Get grid information for the variable. gridkey has the form
                # (latname,lonname,order,maskname, abstract_class).
                gridkey, lat, lon = var.generateGridkey(
                    self._convention_, self.variables)

                # If the variable is gridded, lookup the grid. If no such grid exists,
                # create a unique gridname, create the grid, and add to the
                # gridmap.
                if gridkey is None:
                    grid = None
                else:
                    grid = self._gridmap_.get(gridkey)
                    if grid is None:

                        if hasattr(var, 'grid_type'):
                            gridtype = var.grid_type
                        else:
                            gridtype = "generic"

                        candidateBasename = None
                        if gridkey[4] == 'rectGrid':
                            gridshape = (len(lat), len(lon))
                        elif gridkey[4] == 'curveGrid':
                            gridshape = lat.shape
                        elif gridkey[4] == 'genericGrid':
                            gridshape = lat.shape
                            candidateBasename = 'grid_%d' % gridshape
                        else:
                            gridshape = (len(lat), len(lon))

                        if candidateBasename is None:
                            candidateBasename = 'grid_%dx%d' % gridshape
                        if candidateBasename not in self.grids:
                            gridname = candidateBasename
                        else:
                            foundname = 0
                            for i in range(97, 123):  # Lower-case letters
                                candidateName = candidateBasename + \
                                    '_' + chr(i)
                                if candidateName not in self.grids:
                                    gridname = candidateName
                                    foundname = 1
                                    break

                            if not foundname:
                                print(
                                    'Warning: cannot generate a grid for variable', var.id)
                                continue

                        # Create the grid
                        if gridkey[4] == 'rectGrid':
                            grid = FileRectGrid(
                                self, gridname, lat, lon, gridkey[2], gridtype)
                        else:
                            if gridkey[3] != '':
                                if gridkey[3] in self.variables:
                                    maskvar = self.variables[gridkey[3]]
                                else:
                                    print(
                                        'Warning: mask variable %s not found' %
                                        gridkey[3])
                                    maskvar = None
                            else:
                                maskvar = None
                            if gridkey[4] == 'curveGrid':
                                grid = FileCurveGrid(
                                    lat, lon, gridname, parent=self, maskvar=maskvar)
                            else:
                                try:
                                    grid = FileGenericGrid(
                                        lat, lon, gridname, parent=self, maskvar=maskvar)
                                except BaseException:
                                    if(lat.rank() == 1 and lon.rank() == 1):
                                        grid = FileRectGrid(
                                            self, gridname, lat, lon, gridkey[2], gridtype)

                        self.grids[grid.id] = grid
                        self._gridmap_[gridkey] = grid

                # Set the variable grid
                var.setGrid(grid)
        except BaseException:
            self.close()
            raise

    def __enter__(self):
        return self

    def __exit__(self, type, value, traceback):
        if type is None:
            self.close()
        else:
            return False
    # setattr writes external global attributes to the file

    def __setattr__(self, name, value):
        self.__dict__[name] = value  # attributes kept in sync w/file
        if name not in self.__cdms_internals__ and name[0] != '_':
            setattr(self._file_, name, value)
            self.attributes[name] = value

# getattr reads external global attributes from the file
# def __getattr__ (self, name):
# g = self.get_property_g(name)
# if g is not None:
# return g(self, name)
# if name in self.__cdms_internals__:
# try:
# return self.__dict__[name]
# except KeyError:
# raise AttributeError("%s instance has no attribute %s." % \
# (self.__class__.__name__, name))
# else:
# return getattr(self._file_,name)

    # delattr deletes external global attributes in the file
    def __delattr__(self, name):
        try:
            del self.__dict__[name]
        except KeyError:
            raise AttributeError("%s instance has no attribute %s." %
                                 (self.__class__.__name__, name))
        if name not in self.__cdms_internals__:
            delattr(self._file_, name)
            if(name in list(self.attributes.keys())):
                del(self.attributes[name])

[docs]    def sync(self):
        """
        Syncs the file on disk.
        """
        if self._status_ == "closed":
            raise CDMSError(FileWasClosed + self.id)
        self._file_.sync()


[docs]    def close(self):
        if self._status_ == "closed":
            return
        if hasattr(self, 'dictdict'):
            for dict in list(self.dictdict.values()):
                for obj in list(dict.values()):
                    obj.parent = None
                    del obj
        self.dictdict = self.variables = self.axes = {}
        self._file_.close()
        self._status_ = 'closed'


# Note: Removed to allow garbage collection of reference cycles
# def __del__(self):
# if cdmsobj._debug==1:
# print 'Deleting file',self.id
# If the object has been deallocated due to open error,
# it will not have an attribute .dictdict
# if hasattr(self,"dictdict") and self.dictdict != {}:
# self.close()

    # Create an axis
    # 'name' is the string name of the Axis
    # 'ar' is the 1-D data array, or None for an unlimited axis
    # Set unlimited to true to designate the axis as unlimited
    # Return an axis object.
[docs]    def createAxis(self, name, ar, unlimited=0):
        """ Create an axis.

        Parameters
        ----------
        name : str is the string name of the Axis

        ar :  numpy.ndarray/None is the 1-D data array, or None for an unlimited axis

        unlimited : (int/True/False) True/0 designate that the axis as unlimited.

        Returns
        -------
        an axis object (cdms2.axis.FileAxis).
        """
        if self._status_ == "closed":
            raise CDMSError(FileWasClosed + self.id)
        cufile = self._file_
        if ar is None or (unlimited == 1 and getNetcdfUseParallelFlag() == 0):
            cufile.createDimension(str(name), None)
            if ar is None:
                typecode = numpy.dtype(numpy.float).char
            else:
                typecode = ar.dtype.char
        else:
            cufile.createDimension(str(name), len(ar))
            typecode = ar.dtype.char

        # Compatibility: revert to old typecode for cdunif
#        typecode = typeconv.oldtypecodes[typecode]
        cuvar = cufile.createVariable(str(name), typecode, (str(name),))

        # Cdunif should really create this extra dimension info:
        #   (units,typecode,filename,varname_local,dimension_type,ncid)
        cufile.dimensioninfo[str(name)] = ('', typecode, str(name), '', 'global', -1)

        # Note: like netCDF-3, cdunif does not support 64-bit integers.
        # If ar has dtype int64 on a 64-bit machine, cuvar will be a 32-bit int,
        # and ar must be downcast.
        if ar is not None:
            if ar.dtype.char != 'l':
                cuvar[0:len(ar)] = numpy.ma.filled(ar)
            else:
                cuvar[0:len(ar)] = numpy.ma.filled(ar).astype(cuvar.typecode())
        axis = FileAxis(self, name, cuvar)
        self.axes[name] = axis
        return axis


[docs]    def createVirtualAxis(self, name, axislen):
        """Create an axis without any associated coordinate array. This
        axis is read-only. This is useful for the 'bound' axis.

        Parameters
        ----------
        name : is the string name of the axis.

        axislen : is the integer length of the axis.

        Returns
        -------
        axis : file axis whose id is name (cdms2.axis.FileVirtualAxis)

        Notes
        -----
        For netCDF output, this just creates a dimension without
        the associated coordinate array. On reads the axis will look like
        an axis of type float with values [0.0, 1.0, ..., float(axislen-1)].
        On write attempts an exception is raised.
        """
        if self._status_ == "closed":
            raise CDMSError(FileWasClosed + self.id)
        cufile = self._file_
        cufile.createDimension(str(name), axislen)
        cufile.dimensioninfo[str(name)] = ('', 'f', str(name), '', 'global', -1)
        axis = FileVirtualAxis(self, str(name), axislen)
        self.axes[str(name)] = axis
        return axis


    # Copy axis description and data from another axis
[docs]    def copyAxis(self, axis, newname=None, unlimited=0,
                 index=None, extbounds=None):
        """Copy axis description and data from another axis.

        Parameters
        ----------
        axis : axis to copy (cdms2.axis.FileAxis/cdms2.axis.FileVirtualAxis)

        newname : (None/str) new name for axis (default None)

        unlimited : (int/True/False) unlimited dimension (default 0)

        index : (int/None) (default None)

        extbounds : (numpy.ndarray) new bounds to use bounds (default None)

        Returns
        --------
        copy of input axis (cdms2.axis.FileAxis/cdms2.axis.FileVirtualAxis)
        """
        if newname is None:
            newname = axis.id

        if len(newname) > 127:
            msg = "axis name has more than 127 characters, name will be truncated"
            warnings.warn(msg, UserWarning)
            newname = newname[:127] if len(newname) > 127 else newname

        # If the axis already exists and has the same values, return existing
        if newname in self.axes:
            newaxis = self.axes[newname]
            if newaxis.isVirtual():
                if len(axis) != len(newaxis):
                    raise DuplicateAxisError(DuplicateAxis + newname)
            elif unlimited == 0 or (unlimited == 1 and getNetcdfUseParallelFlag() != 0):
                if len(axis) != len(newaxis) or numpy.alltrue(
                        numpy.less(numpy.absolute(newaxis[:] - axis[:]), 1.e-5)) == 0:
                    raise DuplicateAxisError(DuplicateAxis + newname)
            else:
                if index is None:
                    isoverlap, index = isOverlapVector(axis[:], newaxis[:])
                else:
                    isoverlap = 1
                if isoverlap:
                    self._file_.sync()
                    newaxis[index:index + len(axis)] = axis[:]
                    if extbounds is None:
                        axisBounds = axis.getBounds()
                    else:
                        axisBounds = extbounds
                    if axisBounds is not None:
                        newaxis.setBounds(axisBounds)
                else:
                    raise DuplicateAxisError(DuplicateAxis + newname)

        elif axis.isVirtual():
            newaxis = self.createVirtualAxis(newname, len(axis))

        # Else create the new axis and copy its bounds and metadata
        else:
            newaxis = self.createAxis(newname, axis[:], unlimited)
            bounds = axis.getBounds()
            if bounds is not None:
                if hasattr(axis, 'bounds'):
                    boundsid = axis.bounds
                else:
                    boundsid = None
                newaxis.setBounds(bounds, persistent=1, boundsid=boundsid)
            for attname, attval in axis.attributes.items():
                if attname not in ["datatype", "id", "length",
                                   "isvar", "name_in_file", "partition"]:
                    setattr(newaxis, attname, attval)
        return newaxis


    # Create an implicit rectilinear grid. lat, lon, and mask are objects.
    # order and type are strings
[docs]    def createRectGrid(self, id, lat, lon, order, type="generic", mask=None):
        """
        Create an implicit rectilinear grid. lat, lon, and mask are objects. order and type are strings.

        Parameters
        ----------
        id : (str) grid name (default 0)

        lat : (numpy.ndarray) latitude array (default 1)

        lon : (numpy.ndarray) longitude array (default 2)

        order : (str) order (default 3)

        type : (str) grid type (defalut `generic`)

        mask : (None/numpy.ndarray) mask (default None)

        Returns
        -------
        grid (cdms2.grid.FileRectGrid)

        """
        grid = FileRectGrid(self, id, lat, lon, order, type, mask)
        self.grids[grid.id] = grid
        gridkey = (lat.id, lon.id, order, None)
        self._gridmap_[gridkey] = grid
        return grid


    # Copy grid
[docs]    def copyGrid(self, grid, newname=None):
        """
        Create an implicit rectilinear grid. lat, lon, and mask are objects. Order and type are strings.

        Parameters
        ----------
        newname : (str/None) new name for grid (default None)

        grid : file grid
               (cdms2.grid.FileRectGrid/cdms2.hgrid.FileCurveGrid/cdms2.gengrid.FileGenericGrid)

        Returns
        -------
        file grid
        (cdms2.grid.FileRectGrid/cdms2.hgrid.FileCurveGrid/cdms2.gengrid.FileGenericGrid)

        """
        if newname is None:
            if hasattr(grid, 'id'):
                newname = grid.id
            else:
                newname = 'Grid'

        oldlat = grid.getLatitude()
        if not hasattr(oldlat, 'id'):
            oldlat.id = 'latitude'
        oldlon = grid.getLongitude()
        if not hasattr(oldlon, 'id'):
            oldlon.id = 'longitude'
        lat = self.copyAxis(oldlat)
        lat.designateLatitude(persistent=1)
        lon = self.copyAxis(oldlon)
        lon.designateLongitude(persistent=1)

        # If the grid name already exists, and is the same, just return it
        if newname in self.grids:
            newgrid = self.grids[newname]
            newlat = newgrid.getLatitude()
            newlon = newgrid.getLongitude()
            if ((newlat is not lat) or
                (newlon is not lon) or
                (newgrid.getOrder() != grid.getOrder()) or
                    (newgrid.getType() != grid.getType())):
                raise DuplicateGrid(newname)

        # else create a new grid and copy metadata
        else:
            newmask = grid.getMask()    # Get the mask array
            newgrid = self.createRectGrid(
                newname, lat, lon, grid.getOrder(), grid.getType(), None)
            newgrid.setMask(newmask)    # Set the mask array, non-persistently
            for attname in list(grid.attributes.keys()):
                setattr(newgrid, attname, getattr(grid, attname))

        return newgrid


    # Create a variable
    # 'name' is the string name of the Variable
    # 'datatype' is a CDMS datatype or numpy typecode
    # 'axesOrGrids' is a list of axes, grids. (Note: this should be
    #   generalized to allow subintervals of axes and/or grids)
    # Return a variable object.
[docs]    def createVariable(self, name, datatype, axesOrGrids, fill_value=None):
        """
        Create a variable.

        Parameters
        ----------

        name : The string name of the Variable

        datatype : A CDMS datatype or numpy typecode

        axesOrGrids : is a list of axes, grids.

        fill_value : fill_value (cast into data type).

        Notes
        -----
        This should be generalized to allow subintervals of axes and/or grids.

        Returns
        -------
        Return a variable object (cdms2.fvariable.FileVariable.
        """
        if self._status_ == "closed":
            raise CDMSError(FileWasClosed + self.id)
        cufile = self._file_
        if datatype in CdDatatypes:
            numericType = cdmsNode.CdToNumericType.get(datatype)
        else:
            numericType = datatype

        # Make a list of names of axes for _Cdunif
        dimensions = []
        for obj in axesOrGrids:
            if isinstance(obj, FileAxis):
                dimensions.append(str(obj.id))
            elif isinstance(obj, FileRectGrid):
                dimensions = dimensions + \
                    [str(obj.getAxis(0).id), str(obj.getAxis(1).id)]
            else:
                raise InvalidDomain

        try:
            # Compatibility: revert to old typecode for cdunif
            #            numericType = typeconv.oldtypecodes[numericType]
            numericType = numpy.dtype(numericType).char
            cuvar = cufile.createVariable(str(name), numericType, tuple(dimensions))
        except Exception as err:
            print(err)
            raise CDMSError("Creating variable " + name)
        var = FileVariable(self, name, cuvar)
        var.initDomain(self.axes)
        self.variables[name] = var
        if fill_value is not None:
            var.setMissing(fill_value)
        return var


    # Search for a pattern in a string-valued attribute. If attribute is None,
    # search all string attributes. If tag is 'cdmsFile', just check the dataset,
    # else check all nodes in the dataset of class type matching the tag. If tag
    # is None, search the dataset and all objects contained in it.
[docs]    def searchPattern(self, pattern, attribute, tag):
        """
        Search for a pattern in a string-valued attribute. If attribute is None, search all
        string attributes.

        If tag is not None, it must match the internal node tag.

        Parameters
        ----------

        pattern : expression pattern

        attribute : attribute name

        tag : node tag

        Returns
        -------
        list of match pattern
        """
        resultlist = []
        if tag is not None:
            tag = string.lower(tag)
        if tag in ('cdmsFile', None, 'dataset'):
            if self.searchone(pattern, attribute) == 1:
                resultlist = [self]
            else:
                resultlist = []
        if tag is None:
            for dict in list(self.dictdict.values()):
                for obj in list(dict.values()):
                    if obj.searchone(pattern, attribute):
                        resultlist.append(obj)
        elif tag not in ('cdmsFile', 'dataset'):
            dict = self.dictdict[tag]
            for obj in list(dict.values()):
                if obj.searchone(pattern, attribute):
                    resultlist.append(obj)
        return resultlist


    # Match a pattern in a string-valued attribute. If attribute is None,
    # search all string attributes. If tag is 'cdmsFile', just check the dataset,
    # else check all nodes in the dataset of class type matching the tag. If tag
    # is None, search the dataset and all objects contained in it.
[docs]    def matchPattern(self, pattern, attribute, tag):
        """
        Match for a pattern in a string-valued attribute. If attribute is None,
        search all string attributes. If tag is not None, it must match the internal node tag.

        Parameters
        ----------
        pattern : String expression.

        attribute : Attribute Name. If `None` search all attributre.

        tag : node tag, if `cdmsFile` only match the current dataset otherwise match
              all object matching the tag.

        Returns
        -------
        list of match patterns.
        """
        resultlist = []
        if tag is not None:
            tag = string.lower(tag)
        if tag in ('cdmsFile', None, 'dataset'):
            if self.matchone(pattern, attribute) == 1:
                resultlist = [self]
            else:
                resultlist = []
        if tag is None:
            for dict in list(self.dictdict.values()):
                for obj in list(dict.values()):
                    if obj.matchone(pattern, attribute):
                        resultlist.append(obj)
        elif tag not in ('cdmsFile', 'dataset'):
            dict = self.dictdict[tag]
            for obj in list(dict.values()):
                if obj.matchone(pattern, attribute):
                    resultlist.append(obj)
        return resultlist


    # Apply a predicate, returning a list of all objects in the dataset
    # for which the predicate is true. The predicate is a function which
    # takes a dataset as an argument, and returns true or false. If the
    # tag is 'cdmsFile', the predicate is applied to the dataset only.
    # If 'variable', 'axis', etc., it is applied only to that type of object
    # in the dataset. If None, it is applied to all objects, including
    # the dataset itself.
[docs]    def searchPredicate(self, predicate, tag):
        """
        Apply a truth-valued predicate.

        Parameters
        ----------
        predicate : function use as predicate

        tag : node tag.

        Returns
        -------
        List containing a single instance [self] if the predicate is true and either
        tag is None or matches the object node tag.

        Empty list If the predicate returns false.
        """
        resultlist = []
        if tag is not None:
            tag = string.lower(tag)
        if tag in ('cdmsFile', None, 'dataset'):
            try:
                if predicate(*(self,)) == 1:
                    resultlist.append(self)
            except AttributeError:
                pass
        if tag is None:
            for dict in list(self.dictdict.values()):
                for obj in list(dict.values()):
                    try:
                        if predicate(*(obj,)) == 1:
                            resultlist.append(obj)
                    except AttributeError:
                        pass
        elif tag not in ('dataset', 'cdmsFile'):
            dict = self.dictdict[tag]
            for obj in list(dict.values()):
                try:
                    if predicate(*(obj,)) == 1:
                        resultlist.append(obj)
                except BaseException:
                    pass
        return resultlist


[docs]    def createVariableCopy(self, var, id=None, attributes=None, axes=None, extbounds=None,
                           extend=0, fill_value=None, index=None, newname=None, grid=None):
        """Define a new variable, with the same axes and attributes as in <var>.

        Note
        ----
        This function does not copy the data itself.

        Parameters
        ----------
        var : variable to copy (cdms2.tvariable.TransientVariable or cdms2.fvariable.FileVariable)

        attributes : A dictionary of attributes. Default is var.attributes.

        axes : The list of axis objects. Default is var.getAxisList()

        extbounds : Bounds of the (portion of) the extended dimension being written.

        id or newname : String identifier of the new variable.

        extend :
            * 1 define the first dimension as the unlimited dimension.
            * 0 do not define an unlimited dimension. The default is the define
                the first dimension as unlimited only if it is a time dimension.

        fill_value : The missing value flag.

        index : The extended dimension index for writting. The default index is determined
                by lookup relative to the existing extended dimension.

        grid : The variable grid.  `none` the value of var.getGrid() will used.

        Returns
        -------
        file variable (cdms2.fvariable.FileVariable)
        """
        if newname is None:
            newname = var.id
        if id is not None:
            newname = id
        if newname in self.variables:
            raise DuplicateVariable(newname)

        # Determine the extended axis name if any
        if axes is None:
            sourceAxislist = var.getAxisList()
        else:
            sourceAxislist = axes

        if var.rank() == 0:      # scalars are not extensible
            extend = 0

        if extend in (1, None):
            firstAxis = sourceAxislist[0]
            if firstAxis is not None and (extend == 1 or firstAxis.isTime()):
                extendedAxis = firstAxis.id
            else:
                extendedAxis = None
        else:
            extendedAxis = None

        # Create axes if necessary
        axislist = []
        for axis in sourceAxislist:
            # classic does not handle int64 data
            if((axis[:].dtype == numpy.int64) and Cdunif.CdunifGetNCFLAGS("classic")):
                axis._data_ = numpy.array(axis[:], dtype=numpy.int32)
            if extendedAxis is None or axis.id != extendedAxis:
                try:
                    newaxis = self.copyAxis(axis)
                except DuplicateAxisError:

                    # Create a unique axis name
                    setit = 0
                    for i in range(97, 123):  # Lower-case letters
                        try:
                            newaxis = self.copyAxis(
                                axis, axis.id + '_' + chr(i))
                            setit = 1
                            break
                        except DuplicateAxisError:
                            continue

                    if setit == 0:
                        raise DuplicateAxisError(DuplicateAxis + axis.id)
            else:
                newaxis = self.copyAxis(
                    axis, unlimited=1, index=index, extbounds=extbounds)

            axislist.append(newaxis)

        # Copy variable metadata
        if attributes is None:
            attributes = var.attributes
            try:
                attributes['missing_value'] = var.missing_value
            except Exception as err:
                print(err)
                pass
            try:
                if fill_value is None:
                    if('_FillValue' in attributes.keys()):
                        attributes['_FillValue'] = numpy.array(
                            var._FillValue).astype(var.dtype)
                        attributes['missing_value'] = numpy.array(
                            var._FillValue).astype(var.dtype)
                    if('missing_value' in attributes.keys()):
                        attributes['_FillValue'] = numpy.array(
                            var.missing_value).astype(var.dtype)
                        attributes['missing_value'] = numpy.array(
                            var.missing_value).astype(var.dtype)
                else:
                    attributes['_FillValue'] = numpy.array(
                        fill_value).astype(var.dtype)
                    attributes['missing_value'] = numpy.array(
                        fill_value).astype(var.dtype)
            except BaseException:
                pass
            if "name" in attributes:
                if attributes['name'] != var.id:
                    del(attributes['name'])

        # Create grid as necessary
        if grid is None:
            grid = var.getGrid()
        if grid is not None:
            coords = grid.writeToFile(self)
            if coords is not None:
                coordattr = "%s %s" % (coords[0].id, coords[1].id)
                if attributes is None:
                    attributes = {'coordinates': coordattr}
                else:
                    attributes['coordinates'] = coordattr

        # Create the new variable
        datatype = cdmsNode.NumericToCdType.get(var.typecode())
        newvar = self.createVariable(str(newname), datatype, axislist)
        for attname, attval in list(attributes.items()):
            if attname not in ["id", "datatype", "parent"]:
                if isinstance(attval, string_types):
                    attval = str(attval)
                setattr(newvar, str(attname), attval)
                if (attname == "_FillValue") or (attname == "missing_value"):
                    setattr(newvar, "_FillValue", attval)
                    setattr(newvar, "missing_value", attval)

        if fill_value is not None:
            newvar.setMissing(fill_value)

        return newvar


[docs]    def write(self, var, attributes=None, axes=None, extbounds=None, id=None,
              extend=None, fill_value=None, index=None, typecode=None, dtype=None, pack=False):
        """Write var to the file.

        Notes
        -----
        If the variable is not yet defined in the file, a definition is created.
        By default, the time dimension of the variable is defined as the
        `extended dimension` of the file. The function returns the corresponding file variable.

        Parameters
        ----------

        var : variable to copy.

        attributes : The attribute dictionary for the variable. The default is var.attributes.

        axes : The list of file axes comprising the domain of the variable. The default is to
               copy var.getAxisList().

        extbounds : The extended dimension bounds. Defaults to var.getAxis(0).getBounds().

        id : The variable name in the file. Default is var.id.

        extend :
              * 1 causes the first dimension to be `extensible` iteratively writeable.
                The default is None, in which case the first dimension is extensible if it is time.
              * 0 to turn off this behaviour.

        fill_value : is the missing value flag.

        index : The extended dimension index to write to. The default index is determined b
                lookup relative to the existing extended dimension.

        dtype : The numpy dtype.

        typecode : Deprecated, for backward compatibility only

        Returns
        -------
        File variable
        """
        if _showCompressWarnings:
            if (Cdunif.CdunifGetNCFLAGS("shuffle") != 0) or (Cdunif.CdunifGetNCFLAGS(
                    "deflate") != 0) or (Cdunif.CdunifGetNCFLAGS("deflate_level") != 0):
                warnings.warn("Files are written with compression and no shuffling\n" +
                              "You can query different values of compression using the functions:\n" +
                              "cdms2.getNetcdfShuffleFlag() returning 1 if shuffling is enabled, " +
                              "0 otherwise\ncdms2.getNetcdfDeflateFlag() returning 1 if deflate is used, " +
                              "0 otherwise\ncdms2.getNetcdfDeflateLevelFlag() " +
                              "returning the level of compression for the deflate method\n\n" +
                              "If you want to turn that off or set different values of compression " +
                              "use the functions:\nvalue = 0\ncdms2.setNetcdfShuffleFlag(value) " +
                              "## where value is either 0 or 1\ncdms2.setNetcdfDeflateFlag(value) " +
                              "## where value is either 0 or 1\ncdms2.setNetcdfDeflateLevelFlag(value) " +
                              "## where value is a integer between 0 and 9 included\n\nTo " +
                              "produce NetCDF3 Classic files use:\ncdms2.useNetCDF3()\n" +
                              "To Force NetCDF4 output with " +
                              "classic format and no compressing use:\ncdms2.setNetcdf4Flag(1)\n" +
                              "NetCDF4 file with no shuffling or deflate and noclassic will be open " +
                              "for parallel i/o", Warning)

        # Make var an AbstractVariable
        if dtype is None and typecode is not None:
            #            dtype = typeconv.convtypecode2(typecode)
            dtype = typecode
        typecode = dtype
        if typecode is not None and var.dtype.char != typecode:
            var = var.astype(typecode)
        if var.dtype.char == 'l' and Cdunif.CdunifGetNCFLAGS("classic"):
            var = var.astype(numpy.int32)
        if var.dtype.char == 'L' and Cdunif.CdunifGetNCFLAGS("classic"):
            var = var.astype(numpy.uint32)
        var = asVariable(var, writeable=0)

        if fill_value is None and hasattr(var, "fill_value"):
            fill_value = var.fill_value
        # Define the variable if necessary.
        if id is None:
            varid = var.id
        else:
            varid = id

        if len(varid) > 127:
            msg = "varid name has more than 127 characters, name will be truncate"
            warnings.warn(msg, UserWarning)
            varid = varid[:127] if len(varid) > 127 else varid

        if varid in self.variables:
            if pack:
                raise CDMSError(
                    "You cannot pack an existing variable %s " %
                    varid)
            v = self.variables[varid]
        else:
            if pack is not False:
                typ = numpy.int16
                n = 16
            else:
                typ = var.dtype
            v = self.createVariableCopy(var.astype(typ), attributes=attributes, axes=axes, extbounds=extbounds,
                                        id=varid, extend=extend, fill_value=fill_value, index=index)

        # If var has typecode numpy.int, and v is created from var, then v will have
        # typecode numpy.int32. (This is a Cdunif 'feature'). This causes a downcast error
        # for numpy versions 23+, so make the downcast explicit.
        if var.typecode() == numpy.int and v.typecode() == numpy.int32 and pack is False:
            var = var.astype(numpy.int32)

        # Write
        if axes is None:
            sourceAxislist = var.getAxisList()
        else:
            sourceAxislist = axes

        vrank = var.rank()
        if vrank == 0:      # scalars are not extensible
            extend = 0
        else:
            vec1 = sourceAxislist[0]

        if extend == 0 or (extend is None and not vec1.isTime()):
            if vrank > 0:
                if pack is not False:
                    v[:] = numpy.zeros(var.shape, typ)
                else:
                    v[:] = var.astype(v.dtype)
            else:
                v.assignValue(var.getValue())
        else:
            # Determine if the first dimension of var overlaps the first
            # dimension of v
            vec2 = v.getAxis(0)
            if extbounds is None:
                bounds1 = vec1.getBounds()
            else:
                bounds1 = extbounds
            if index is None:
                isoverlap, index = isOverlapVector(vec1[:], vec2[:])
            else:
                isoverlap = 1
            if isoverlap == 1:
                # Make sure file is up to date before copying.
                # user could have extended the file previously.
                self.sync()
                v[index:index + len(vec1)] = var.astype(v.dtype)
                vec2[index:index + len(vec1)] = vec1[:].astype(vec2[:].dtype)
                if bounds1 is not None:
                    vec2.setBounds(bounds1, persistent=1, index=index)
            else:
                msg1 = "Cannot write variable {v_id}: ".format(v_id=varid)
                msg2 = "the values of dimension {id}={val}".format(id=vec1.id, val=repr(vec1[:]))
                msg3 = "do not overlap the extended dimension {id} values: {val}".format(id=vec2.id,
                                                                                         val=repr(vec2[:]))
                raise CDMSError("{m1} {m2} {m3}".format(m1=msg1, m2=msg2, m3=msg3))

        # pack implementation source:
        # https://www.unidata.ucar.edu/software/netcdf/docs/BestPractices.html
        if pack:
            M = var.max()
            m = var.min()
            scale_factor = (M - m) / (pow(2, n) - 2)
            add_offset = (M + m) / 2.
            v.setMissing(-pow(2, n - 1))
            scale_factor = scale_factor.astype(var.dtype)
            add_offset = add_offset.astype(var.dtype)
            tmp = (var - add_offset) / scale_factor
            tmp = numpy.round(tmp)
            tmp = tmp.astype(typ)
            v[:] = tmp.filled()
            v.scale_factor = scale_factor.astype(var.dtype)
            v.add_offset = add_offset.astype(var.dtype)
            if not hasattr(var, "valid_min"):
                v.valid_min = m.astype(var.dtype)
            if not hasattr(var, "valid_max"):
                v.valid_max = M.astype(var.dtype)
        return v


[docs]    def write_it_yourself(self, obj):
        """Tell obj to write itself to self (already open for writing), using its
           writeg method (AbstractCurveGrid has such a method, for example).

           Notes
           -----
           If `writeg` is not available, writeToFile will be used.
           If `writeToFile` is also not available, then `self.write(obj)` will be called to try to write obj as
           a variable.

           Parameters
           ----------
           obj : object containing `writeg`, `writeToFile` or `write` method.

           Returns
           -------
           Nothing is returned.
       """
        # This method was formerly called writeg and just wrote an
        # AbstractCurveGrid.
        if (hasattr(obj, 'writeg') and callable(getattr(obj, 'writeg'))):
            obj.writeg(self)
        elif (hasattr(obj, 'writeToFile') and callable(getattr(obj, 'writeToFile'))):
            obj.writeToFile(self)
        else:
            self.write(obj)


[docs]    def getVariable(self, id):
        """
        Get the variable object with the given id. Returns None if not found.

        Parameters
        ----------
        id : str id of the variable to get

        Returns
        -------
        variable  (cdms2.fvariable.FileVariable/None)

        file variable

        """
        return self.variables.get(id)


[docs]    def getVariables(self, spatial=0):
        """Get a list of variable objects.

        Parameters
        ----------
        spatial : If spatial=1 or True, only return those axes defined on latitude
                or longitude, excluding weights and bounds

        Returns
        -------
        file variable.
"""
        retval = list(self.variables.values())
        if spatial:
            retval = [x for x in retval if x.id[
                0:7] != "bounds_" and x.id[
                0:8] != "weights_" and (
                (x.getLatitude() is not None) or (
                    x.getLongitude() is not None) or (
                    x.getLevel() is not None))]
        return retval


[docs]    def getAxis(self, id):
        """Get the axis object with the given id. Returns None if not found.

        Parameters
        ----------
        id : id of the axis to get

        Returns
        --------
        file axis
        """
        return self.axes.get(id)


[docs]    def getGrid(self, id):
        """
        Get the grid object with the given id. Returns None if not found.

        Parameters
        ----------
        id : id of the grid to get

        Returns
        -------
        file axis
        """
        return self.grids.get(id)


[docs]    def getBoundsAxis(self, n, boundid=None):
        """Get a bounds axis of length n. Create the bounds axis if necessary.

        Parameters
        ----------
        n : bound id (bound_%d)

        Returns
        -------
        bounds axis
        """
        if boundid is None:
            if n == 2:
                boundid = "bound"
            else:
                boundid = "bound_%d" % n

        if boundid in self.axes:
            boundaxis = self.axes[boundid]
        else:
            boundaxis = self.createVirtualAxis(boundid, n)
        return boundaxis


    def __repr__(self):
        filerep = repr(self._file_)
        loc = filerep.find("file")
        if loc == -1:
            loc = 0
        return "<CDMS " + filerep[loc:-1] + ", status: %s>" % self._status_


# internattr.add_internal_attribute (CdmsFile, 'datapath',
# 'variables',
# 'axes',
# 'grids',
# 'xlinks',
# 'dictdict',
# 'default_variable_name',
# 'id',
# 'parent',
# 'mode')
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  Source code for cdms2.forecast

# Forecast support, experimental coding
# probably all this will be rewritten, put in a different directory, etc.

"""CDMS Forecast"""


from __future__ import print_function
import numpy
import cdtime
import cdms2
import copy
from cdms2 import CDMSError
from six import string_types


[docs]def two_times_from_one(t):
    """
    Two Times from One

    Parameters
    ----------
    Input : is a time representation, either as the long int used in the
            cdscan script, or a string in the format "2010-08-25 15:26:00", or
            as a cdtime comptime (component time) object.

    Output : is the same time, both as a long _and_ as a comptime.
    """
    if t == 0:
        t = 0
    if isinstance(t, string_types):
        t = cdtime.s2c(t)
    if (isinstance(t, int) or isinstance(t, int)) and t > 1000000000:
        tl = t
        year = tl // 1000000000
        rem = tl % 1000000000
        month = rem // 10000000
        rem = rem % 10000000
        day = rem // 100000
        allsecs = rem % 100000
        sec = allsecs % 60
        allmins = allsecs // 60
        min = allmins % 60
        hour = allmins // 60
        tc = cdtime.comptime(year, month, day, hour, min, sec)
    else:
        # I'd like to check that t is type comptime, but although Python
        # prints the type as <type 'comptime'> it won't recognize as a type
        # comptime or anything similar.  Note that cdtime.comptime is a C
        # function available from Python.
        tc = t
        tl = tc.year * 1000000000
        tl += tc.month * 10000000
        tl += tc.day * 100000
        tl += tc.hour * 3600
        tl += tc.minute * 60
        tl += tc.second.__int__()
    return tl, tc



[docs]def comptime(t):
    """
    Comptime

    Parameters
    ----------

    Input : is a time representation, either as the long int used in the cdscan
            script, or a string in the format "2010-08-25 15:26:00", or as a cdtime comptime
            (component time) object.
    Output : is the same time a cdtime.comptime (component time)."""
    tl, tc = two_times_from_one(t)
    return tc



[docs]class forecast():
    """
    represents a forecast starting at a single time

    Parameters
    ----------

    tau0time : is the first time of the forecast, i.e. the time at which tau=0.

    dataset_list : is used to get the forecast file from the forecast time.

    Example
    -------
       Each list item should look like this example:
       [None, None, None, None, 2006022200000L, 'file2006-02-22-00000.nc']
       Normally dataset_list = fm[i][1] where fm is the output of
       cdms2.dataset.parseFileMap and fm[i][0] matches the variables of interest.

    Notes
    -----
       N.B.  This is like a CdmsFile.  Creating a forecast means opening a file,
       so later on you should call forecast.close() to close it.
    """

[docs]    def __init__(self, tau0time, dataset_list, path="."):
        """

        """
        self.fctl, self.fct = two_times_from_one(tau0time)

        filenames = [ds[5] for ds in dataset_list if ds[4] == self.fctl]

        if len(filenames) > 0:
            filename = filenames[0]
        else:
            raise CDMSError("Cannot find filename for forecast %d" % self.fctl)
        self.filename = path + '/' + filename
        self.file = cdms2.open(self.filename)


[docs]    def close(self):
        """close file."""
        self.file.close()


[docs]    def __call__(self, varname):
        """Reads the specified variable from this forecast's file."""
        return self.file(varname)


[docs]    def __getitem__(self, varname):
        """Reads variable attributes from this forecast's file."""
        return self.file.__getitem__(varname)


    def __repr__(self):
        return "<forecast from %s>" % (self.fct)
    __str__ = __repr__



[docs]def available_forecasts(dataset_file, path="."):
    """
    Available Forecasts

    Returns
    -------
          a list of forecasts (as their generating times) which are available
          through the specified cdscan-generated dataset xml file.

    Note
         The forecasts are given in 64-bit integer format, but can be converted
         to component times with the function two_times_from_one.
         This function may help in choosing the right arguments for initializing
         a "forecasts" (forecast set) object.
    """
    dataset = cdms2.openDataset(dataset_file, dpath=path)
    fm = cdms2.dataset.parseFileMap(dataset.cdms_filemap)
    alltimesl = [f[4] for f in fm[0][1]]  # 64-bit (long) integers
    dataset.close()
    return alltimesl



[docs]class forecasts():
    """
    Represents a set of forecasts

    Example
    -------
    Creates a set of forecasts.  Normally you do it by something like

    f = forecasts( 'file.xml', (min_time, max_time) )
             or
    f = forecasts( 'file.xml', (min_time, max_time), '/home/me/data/' )
             or
    f = forecasts( 'file.xml', [ time1, time2, time3, time4, time5 ] )

    where the two or three arguments are::

       1. the name of a dataset xml file generated by "cdscan --forecast ..."

       2. Times here are the times when the forecasts began (tau=0, aka reference time).

          (i) If you use a 2-item tuple, forecasts will be chosen which start at a time
          t between the min and max times, e.g. min_time <= t < max_time .

          (ii) If you use a list, it will be the exact start (tau=0) times for the
          forecasts to be included.

          (iii) If you use a 3-item tuple, the first items are (min_time,max_time)
          as in a 2-item tuple.  The third component of the tuple is the
          open-closed string.  This determines whether endpoints are included
          The first character should be 'o' or 'c' depending on whether you want t with
          min_time<t or min_time<=t.  Similarly the second character should be 'o' or c'
          for t<max_time or t<=max_time .  Any other characters will be ignored.
          Thus ( min_time, max_time, 'co' ) is equivalent to ( min_time, max_time ).

          (iv) The string 'All' means to use all available forecasts.

           Times can be specified either as 13-digit long integers, e.g.
           2006012300000 for the first second of January 23, 2006, or as
           component times (comptime) in the cdtime module, or as
           a string in the format "2010-08-25 15:26:00".

       3. An optional path for the data files; use this if the xml file
          contains filenames without complete paths.

          As for the forecast class, this opens files when initiated, so when you
          are finished with the forecasts, you should close the files by calling
          forecasts.close() .
        """

[docs]    def __init__(self, dataset_file, forecast_times, path="."):
        """
        Init
        """

        # Create dataset_list to get a forecast file from each forecast time.
        self.dataset = cdms2.openDataset(dataset_file, dpath=path)
        fm = cdms2.dataset.parseFileMap(self.dataset.cdms_filemap)
        self.alltimesl = [f[4] for f in fm[0][1]]  # 64-bit (long) integers
        dataset_list = fm[0][1]
        for f in fm[1:]:
            dataset_list.extend(f[1])

        mytimesl = self.forecast_times_to_list(forecast_times)
        if mytimesl == []:
            raise CDMSError(
                "bad forecast_times argument to forecasts.__init__")
        self.fcs = [forecast(t, dataset_list, path) for t in mytimesl]


[docs]    def forecast_times_to_list(self, forecast_times):
        """For internal list, translates a "forecast_times" argument of __init__ or
        other methods, into a list of times."""
        if isinstance(forecast_times, tuple):
            if len(forecast_times) <= 2:
                openclosed = 'co'
            else:
                openclosed = forecast_times[2]
            mytimesl = self.time_interval_to_list(
                forecast_times[0], forecast_times[1], openclosed)
            return mytimesl
        elif isinstance(forecast_times, list):
            return forecast_times
        elif forecast_times == 'All':
            return self.alltimesl
        else:
            return []


[docs]    def time_interval_to_list(self, tlo, thi, openclosed='co'):
        """For internal use, translates a time interval to a list of times.
        """
        if not isinstance(tlo, int):  # make tlo a long integer
            tlo, tdummy = two_times_from_one(tlo)
        if not isinstance(thi, int):  # make thi a long integer
            thi, tdummy = two_times_from_one(thi)
        oclo = openclosed[0]
        ochi = openclosed[1]
        if oclo == 'c':
            mytimesl = [t for t in self.alltimesl if t >= tlo]
        else:
            mytimesl = [t for t in self.alltimesl if t > tlo]
        if ochi == 'c':
            mytimesl = [t for t in mytimesl if t <= thi]
        else:
            mytimesl = [t for t in mytimesl if t < thi]
        return mytimesl


[docs]    def reduce_inplace(self, min_time, max_time, openclosed='co'):
        """
        Reduce Inplace

        Example

        For a forecasts object f, f( min_time, max_time ) will reduce the
        scope of f, to forecasts whose start time t has min_time<=t<max_time.
        This is done in place, i.e. any other forecasts in f will be discarded.
        If slice notation were possible for forecasts (it's not because we need
        too many bits to represent time), this function would do the same as
        f = f[min_time : max_time ]

        The optional openclosed argument lets you specify the treatment of
        the endpoints min_time, max_time.  The first character should be 'c' if you want
        to include min_time in the new scope of f, or 'o' to exclude it.  Similarly,
        the second character should be 'c' to include max_time or 'o' to exclude it.  Thus
        'co' yields the default min_time<=t<max_time and 'oo' yields min_time<t<max_time.

        If you don't want to change the original "forecasts" object, just do
        copy.copy(forecasts) first.

        Times can be the usual long integers, strings, or cdtime component times.
        """
        mytimesl = self.time_interval_to_list(min_time, max_time, openclosed)
        self.fcs = [f for f in self.fcs if (f.fctl in mytimesl)]


[docs]    def close(self):
        self.dataset.close()
        for fc in self.fcs:
            fc.close()


[docs]    def __call__(self, varname, forecast_times='All'):
        """

        Example

        Reads the specified variable for all the specified forecasts.
        Creates and returns a new variable which is dimensioned by forecast
        as well as the original variable's dimensions.
        Normally all the forecasts in the 'forecasts' object will be read.
        But you can read only the forecasts generated at particular times
        by providing a "forecast_times" argument, the same as the "forecast_times"
        argument in the forecasts.__init__ method.
        """
        # Assumptions include: For two forecasts, f1('var') and f2('var') are
        # the same variable in all but values - same names, same domain,
        # same units, same mask, etc.
        # Note 1: Why can't we start out by doing self.dataset(varname) as in
        # __getitem__?  That's simpler to code, but in this case it would require
        # reading large amounts of data from files, only to throw it away.
        # Note 2: if you want slices, e.g. in space axes, this isn't the
        # function for you.  Invoke __getitem__ to get a DatasetVariable,
        # then do your slicing on that.

        # Generate the forecast list, and read in the variable for every
        # listed forecast.
        if forecast_times == 'All':
            varfcs = self.fcs
        else:
            mytimesl = self.forecast_times_to_list(forecast_times)
            varfcs = [f for f in self.fcs if (f.fctl in mytimesl)]
        vars = [fc(varname) for fc in varfcs]

        # Create the variable from the data, with mask:
        v0 = vars[0]
        a = numpy.asarray([v.data for v in vars])
        if (isinstance(v0._mask, numpy.ndarray)):
            m = numpy.asarray([v._mask for v in vars])
            v = cdms2.tvariable.TransientVariable(
                a, mask=m, fill_value=v0._fill_value)
        else:
            m = False
            v = cdms2.tvariable.TransientVariable(a)

        # Domain-related attributes:
            # We get the tomain from __getitem__ to make sure that fcs[var] is consistent
            # with fcs(var)
        fvd = self.__getitem__(varname, varfcs).domain
        v._TransientVariable__domain = fvd
        # former domain code, not using __getitem:
        # ltvd = len(v0._TransientVariable__domain)
        # v._TransientVariable__domain[1:ltvd+1] = v0._TransientVariable__domain[0:ltvd]
        # v._TransientVariable__domain[0] = self.forecast_axis( varname, varfcs )
        if hasattr(v0, 'coordinates'):
            v.coordinates = 'iforecast ' + v0.coordinates

        # Other attributes, all those for which I've seen nontrivial values in a
        # real example (btw, the _isfield one was wrong!) :
        # It would be better to do a list comprehension over v0.attribures.keys(),
        # if I could be sure that that wouldn't transfer something
        # inappropriate.
        if hasattr(v0, 'id'):
            v.id = v0.id
        if hasattr(v0, 'long_name'):
            v.long_name = v0.long_name
        if hasattr(v0, 'standard_name'):
            v.standard_name = v0.standard_name
        if hasattr(v0, 'base_name'):
            v.base_name = v0.base_name
        if hasattr(v0, 'units'):
            v.units = v0.units
        if hasattr(v0, '_isfield'):
            v._isfield = v0._isfield
        return v


[docs]    def forecast_axis(self, varname, fcss=None):
        """
        Forecast Axis

        Returns
        -------

         a tuple (axis,start,length,true_length) where axis is in the forecast direction.

        Notes
        -----
        If a list of forecasts be specified, the axis' data will be limited to them."""
        if fcss is None:
            fcss = self.fcs
        axis = None
        domitem1 = None
        domitem2 = None
        domitem3 = None

        var = self.dataset[varname]
        # ... var is a DatasetVariable, used here just for two of its domain's axes
        dom = copy.deepcopy(getattr(var, 'domain', []))
        # ...this 'domain' attribute has an element with an axis, etc.
        # representing all forecasts; so we want to cut it down to match
        # those forecasts in fcss.
        for domitem in dom:
            # The domain will have several directions, e.g. forecast, level, latitude.
            # There should be only one forecast case, whose default id is 'fctau0'.
            # domitem is a tuple (axis,start,length,true_length) where
            # axis is a axis.Axis and the rest of the tuple is int's.
            # I don't know what true_length is, but it doesn't seem to get used
            # anywhere, and is normally the same as length.
            if getattr(domitem[0], 'id', None) == 'fctau0':
                # Force the axis to match fcss :
                # More precisely the long int times fcss[i].fctl should match
                # the axis data. The axis partition and .length need changing
                # too.
                domitem1 = 0
                domitem2 = len(fcss)
                domitem3 = len(fcss)
                axis = copy.copy(domitem[0])
                axis._data_ = [f.fctl for f in fcss]
                axis.length = len(axis._data_)
                axis.partition = axis.partition[0:axis.length]
                axis.axis = 'F'
                axis.standard_name = 'forecast_reference_time'
                timeaxis = var.getTime()
                if not hasattr(axis, 'calendar') and timeaxis:
                    axis.calendar = timeaxis.calendar

        return (axis, domitem1, domitem2, domitem3)


[docs]    def __getitem__(self, varname, fccs=None):
        """
        Get Item

        Returns
        -------

        whatever the forecast set has that matches the given attribute, normally a DatasetVariable.


        Notes
        -----

       The optional argument fccs is a list of forecasts to be passed on to forecast_axis().
        """
        if not isinstance(varname, string_types):
            raise CDMSError("bad argument to forecasts[]")

        var = self.dataset[varname]
        # var is a DatasetVariable and consists of lots of attributes.

        # The attribute which needs to be changed is 'domain' - it will normally
        # have an element with an axis, etc. representing all forecasts; so we
        # want to cut it down to match those forecasts in self.fcs.
        dom = copy.deepcopy(getattr(var, 'domain', []))
        for i in range(len(dom)):
            domitem = dom[i]
            if getattr(domitem[0], 'id', None) == 'fctau0':
                dom[i] = self.forecast_axis(varname, fccs)
        setattr(var, 'domain', dom)

        return var


    def __repr__(self):
        nlength = len(self.fcs)
        if nlength == 0:
            return "<forecasts - None>"
        else:
            return "<forecasts from %s,...,%s>" % (
                self.fcs[0].fct, self.fcs[nlength - 1].fct)
    __str__ = __repr__
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  Source code for cdms2.fvariable

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by
# Further modified to be pure new numpy June 24th 2008

"CDMS File-based variables."
import numpy
from .cdmsobj import Max32int
from .variable import DatasetVariable
from .error import CDMSError
from .sliceut import reverseSlice
from .Cdunif import CdunifError
# import cdms2.Cdunif.CdunifError as CdunifError

FileClosed = "Cannot read from closed file, variable: "
FileClosedWrite = "Cannot write to a closed file, variable: "


[docs]class FileVariable(DatasetVariable):
    "A variable in a single file."

    def __init__(self, parent, varname, cdunifobj=None):
        DatasetVariable.__init__(self, parent, varname)
        self._obj_ = cdunifobj
        if cdunifobj is not None:
            for attname, attval in list(cdunifobj.__dict__.items()):
                self.__dict__[attname] = attval
                self.attributes[attname] = attval
            if '_FillValue' in self.__dict__.keys():
                self.__dict__['missing_value'] = self.__dict__['_FillValue']
                self.attributes['missing_value'] = self.__dict__['_FillValue']
            if self.__dict__['missing_value'] is None:
                self.__dict__[
                    'missing_value'] = numpy.ma.default_fill_value(self)
                self.attributes['missing_value'] = numpy.ma.default_fill_value(
                    self)

        # needed for dask 2.0.0
        self.__dict__['ndim'] = self.rank()
        self.attributes['ndim'] = self.rank()

        val = self.__cdms_internals__ + ['name_in_file', ]
        self.___cdms_internals__ = val

    # Initialize the domain
[docs]    def initDomain(self, axisdict):
        "Initialized the domain"
        self.domain = []
        for dimname in self._obj_.dimensions:
            axis = axisdict.get(dimname)
            start = 0
            length = len(axis)
            truelen = length
            self.domain.append((axis, start, length, truelen))


[docs]    def typecode(self):
        """convert to new typecode."""
        tc = self._obj_.typecode()
#        tc = typeconv.convtypecode2(tc).char
        return tc


[docs]    def assignValue(self, data):
        if self.parent is None:
            raise CDMSError(FileClosedWrite + self.id)
        if numpy.ma.isMaskedArray(data):
            if data.mask is not numpy.ma.nomask and not numpy.ma.allclose(
                    data.mask, 0):
                saveFill = data.fill_value
                if self.getMissing() is None:
                    self.setMissing(saveFill)
                else:
                    data.set_fill_value(self.getMissing())
        self._obj_.assignValue(numpy.ma.filled(data))
        if numpy.ma.isMaskedArray(data):
            if data.mask is not numpy.ma.nomask and not numpy.ma.allclose(
                    data.mask, 0):
                data.set_fill_value(saveFill)


[docs]    def expertSlice(self, initslicelist):
        # Handle negative slices
        revlist = []                    # Slices to apply to result if reversals needed
        slist = []                      # Slices with positive strides
        haveReversals = 0               # True iff result array needs reversing
        i = 0
        for s in initslicelist:
            if s.step < 0:
                axislen = self.shape[i]
                slist.append(reverseSlice(s, axislen))
                revlist.append(slice(None, None, -1))
                haveReversals = 1
            else:
                slist.append(s)
                revlist.append(slice(None, None, 1))
            i += 1

        if self.parent is None:
            raise CDMSError(FileClosed + self.id)
        if self.rank() == 0:
            return self._obj_.getValue()
        result = self._obj_.getitem(*slist)

        # If slices with negative strides were input, apply the appropriate
        # reversals.
        if haveReversals:
            result = result[revlist]

        return result


    def __setitem__(self, index, value):
        if self.parent is None:
            raise CDMSError(FileClosedWrite + self.id)
        if numpy.ma.isMaskedArray(value):
            if value.mask is not numpy.ma.nomask and not numpy.ma.allclose(
                    value.mask, 0):
                saveFill = value.fill_value
                if self.getMissing() is None:
                    self.setMissing(saveFill)
                else:
                    value.set_fill_value(self.getMissing())
        self._obj_.setitem(*(index, numpy.ma.filled(value)))
        if numpy.ma.isMaskedArray(value):
            if value.mask is not numpy.ma.nomask and not numpy.ma.allclose(
                    value.mask, 0):
                value.set_fill_value(saveFill)

    def __setslice__(self, low, high, value):
        if self.parent is None:
            raise CDMSError(FileClosedWrite + self.id)

        # Hack to prevent netCDF overflow error on 64-bit architectures
        high = min(Max32int, high)
        if high == Max32int and self.rank() == 0:
            high = 1

        if numpy.ma.isMaskedArray(value):
            if value.mask is not numpy.ma.nomask and not numpy.ma.allclose(
                    value.mask, 0):
                saveFill = value.fill_value
                if self.getMissing() is None:
                    self.setMissing(saveFill)
                else:
                    value.set_fill_value(self.getMissing())
        self._obj_.setslice(*(low, high, numpy.ma.filled(value)))
        if numpy.ma.isMaskedArray(value):
            if value.mask is not numpy.ma.nomask and not numpy.ma.allclose(
                    value.mask, 0):
                value.set_fill_value(saveFill)

    def _getShape(self):
        if self.parent is None:
            raise CDMSError(FileClosed + self.id)
        return self._obj_.shape

    # Write external attributes to the file.
    # Note: __setattr__ is defined at the PropertiedClasses level.
    # This function intercepts the basic set operation, and ensures
    # that the value is propagated to the external file.
    def __setattr__(self, name, value):
        if hasattr(self, "parent") and self.parent is None:
            raise CDMSError(FileClosedWrite + self.id)
        if (name not in self.__cdms_internals__) and (value is not None):
            try:
                setattr(self._obj_, str(name), value)
            except Exception:
                raise CDMSError(
                    "Setting %s.%s=%s" %
                    (self.id, name, repr(value)))
            self.attributes[name] = value
        self.__dict__[name] = value

    # Delete external file attributes.
    # Note: __delattr__ is defined at the PropertiedClasses level.
    # This function intercepts the basic del operation, and ensures
    # that the delete is propagated to the external file.
    def __delattr__(self, name):
        if (name not in self.__cdms_internals__):
            try:
                delattr(self._obj_, name)
            except CdunifError:
                raise CDMSError("Deleting %s.%s" % (self.id, name))
            del(self.attributes[name])
        del self.__dict__[name]

[docs]    def getValue(self, squeeze=1):
        """Return the entire set of values."""
        if self.parent is None:
            raise CDMSError(FileClosed + self.id)
        if self.rank() > 0:
            return self.getSlice(Ellipsis, squeeze=squeeze)
        else:
            return self._obj_.getValue()


[docs]    def __len__(self):
        "Length of first dimension. "
        if self.parent is None:
            raise CDMSError(FileClosed + self.id)
        return len(self._obj_)


#    def __repr__(self):
#        if self.parent is not None:
#            return "<Variable: %s, file: %s, shape: %s>"%(self.id, self.parent.id, `self.shape`)
#        else:
#            return "<Variable: %s, file: **CLOSED**>"%self.id

    shape = property(_getShape, None)
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  Source code for cdms2.gengrid

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by
# Further modified to be pure new numpy June 24th 2008

"""CDMS Generic Grids"""

import numpy
# import PropertiedClasses
from . import bindex
from .error import CDMSError
from .grid import LongitudeType, LatitudeType, CoordTypeToLoc
from .hgrid import AbstractHorizontalGrid
from .axis import allclose

MethodNotImplemented = "Method not yet implemented"


[docs]class AbstractGenericGrid(AbstractHorizontalGrid):

    def __init__(self, latAxis, lonAxis, id=None,
                 maskvar=None, tempmask=None, node=None):
        """Create a generic grid.
        """
        if latAxis.shape != lonAxis.shape:
            raise CDMSError(
                'Latitude and longitude axes must have the same shape.')
        AbstractHorizontalGrid.__init__(
            self, latAxis, lonAxis, id, maskvar, tempmask, node)
        self._index_ = None

[docs]    def clone(self, copyData=1):
        newlat = self._lataxis_.clone(copyData)
        newlon = self._lonaxis_.clone(copyData)
        return TransientGenericGrid(newlat, newlon, id=self.id)


#    def __repr__(self):
#        return "<GenericGrid, id: %s, shape: %s>"%(self.id, `self.shape`)
#    __str__ = __repr__

[docs]    def getMesh(self, transpose=None):
        """Generate a mesh array for the meshfill graphics method.

           Parameters
           ----------
           'transpose' : is for compatibility with other grid types, is ignored.
        """

        from . import MV2 as MV
        if self._mesh_ is None:
            LAT = 0
            LON = 1
            latbounds, lonbounds = self.getBounds()
            if latbounds is None or lonbounds is None:
                raise CDMSError(
                    'No boundary data is available for grid %s' %
                    self.id)
            nvert = latbounds.shape[-1]
            mesh = numpy.zeros((self.size(), 2, nvert), latbounds.dtype.char)
            mesh[:, LAT, :] = MV.filled(latbounds)
            mesh[:, LON, :] = MV.filled(lonbounds)
            self._mesh_ = mesh
        return self._mesh_


    def _getShape(self):
        return self._lataxis_.shape

    # Get the n-th index axis. naxis is 0 or 1.
[docs]    def getAxis(self, naxis):
        return self._lataxis_.getAxis(naxis)


    # Don't try to generate bounds for generic grids
[docs]    def genBounds(self):
        return (None, None)


[docs]    def getMask(self):
        """Get the mask array, if any, otherwise None is returned."""
        if self._maskVar_ is None:
            return None
        else:
            return self._maskVar_[:]


[docs]    def size(self):
        return self._lataxis_.size()


[docs]    def writeScrip(self, cufile, gridTitle=None):
        """Write a grid to a SCRIP file.

        Parameters
        ----------
        cufile : is a Cdunif file, NOT a CDMS file.

        gridtitle : is a string identifying the grid.
        """

        lat = numpy.ma.filled(self._lataxis_)
        lon = numpy.ma.filled(self._lonaxis_)
        blat, blon = self.getBounds()
        ngrid, ncorners = blat.shape
        mask = self.getMask()
        if mask is None:
            mask = numpy.ones((ngrid,), numpy.int32)
        else:
            mask[:] = 1 - mask
            mask = mask.astype(numpy.int32)

        # Write the file
        if gridTitle is None:
            gridTitle = self.id
        cufile.title = gridTitle
        cufile.createDimension("grid_size", ngrid)
        cufile.createDimension("grid_corners", ncorners)
        cufile.createDimension("grid_rank", 1)
        griddims = cufile.createVariable(
            "grid_dims", numpy.int, ("grid_rank",))
        gridcenterlat = cufile.createVariable(
            "grid_center_lat", numpy.float, ("grid_size",))
        gridcenterlat.units = "degrees"
        gridcenterlon = cufile.createVariable(
            "grid_center_lon", numpy.float, ("grid_size",))
        gridcenterlon.units = "degrees"
        gridimask = cufile.createVariable(
            "grid_imask", numpy.int, ("grid_size",))
        gridimask.units = "unitless"
        gridcornerlat = cufile.createVariable(
            "grid_corner_lat", numpy.float, ("grid_size", "grid_corners"))
        gridcornerlat.units = "degrees"
        gridcornerlon = cufile.createVariable(
            "grid_corner_lon", numpy.float, ("grid_size", "grid_corners"))
        gridcornerlon.units = "degrees"

        griddims[:] = numpy.array([ngrid], numpy.int32)
        gridcenterlat[:] = lat
        gridcenterlon[:] = lon
        gridimask[:] = mask
        gridcornerlat[:] = numpy.ma.filled(blat)
        gridcornerlon[:] = numpy.ma.filled(blon)


[docs]    def writeToFile(self, file):
        latvar = self._lataxis_.writeToFile(file)
        lonvar = self._lonaxis_.writeToFile(file)
        if self._maskVar_ is not None:
            maskid = "mask_" + self.id
            file.write(self._maskVar_, id=maskid)
            latvar.maskid = maskid
            lonvar.maskid = maskid
        return (latvar, lonvar)


[docs]    def subSlice(self, *specs, **keys):
        """Get a transient subgrid based on an argument list <specs> of slices."""

        newlat = self._lataxis_.subSlice(*specs, **keys)
        newlon = self._lonaxis_.subSlice(*specs, **keys)
        if self._maskVar_ is None:
            newmask = None
        else:
            newmask = self._maskVar_.subSlice(*specs, **keys)

        result = TransientGenericGrid(newlat, newlon, maskvar=newmask)
        return result


[docs]    def getGridSlices(self, domainlist, newaxislist, slicelist):
        """Determine which slices in slicelist correspond to the lat/lon elements
        of the grid.

        Parameters
        ---------

        domainlist : is a list of axes of a variable.

        newaxislist : is a list of result axes after the slicelist is applied to domainlist.

        slicelist : is a list of slices.

        All lists are of equal length.

        Return value : is (newslicelist, gridaxislist) where

        newslicelist : is the elements of slicelist that correspond to the grid, in the
                      preferred order of the grid.

        gridaxislist : is the elements of newaxislist that correspond to the grid, in the
                      preferred order of the grid.
        """

        iaxis = self._lataxis_.getAxis(0)
        k = 0
        i = -1
        for d in domainlist:
            if d is iaxis:
                inewaxis = newaxislist[k]
                islice = slicelist[k]
                i = k
            k += 1

        if i == -1:
            raise RuntimeError(
                'Grid lat/lon domains do not match variable domain')

        return ((islice, ), (inewaxis, ))


[docs]    def getIndex(self):
        """Get the grid index"""
        if self._index_ is None:
            latlin = numpy.ma.filled(self._lataxis_)
            lonlin = numpy.ma.filled(self._lonaxis_)
            self._index_ = bindex.bindexHorizontalGrid(latlin, lonlin)

        return self._index_


[docs]    def intersect(self, spec):
        """Intersect with the region specification.

       Parameters
       ----------

      'spec' : region specification of the form defined in the grid module.

       Returns
       -------
       (mask, indexspecs) where'mask' is the mask of the result grid AFTER self
       and region spec are interested.
       'indexspecs' is a dictionary of index specifications suitable for slicing a
       variable with the given grid.
        """

        ncell = self.shape
        index = self.getIndex()
        latspec = spec[CoordTypeToLoc[LatitudeType]]
        lonspec = spec[CoordTypeToLoc[LongitudeType]]
        latlin = numpy.ma.filled(self._lataxis_)
        lonlin = numpy.ma.filled(self._lonaxis_)
        lonlin = numpy.ma.where(
            numpy.ma.greater_equal(
                lonlin,
                360.0),
            lonlin - 360.0,
            lonlin)
        points = bindex.intersectHorizontalGrid(
            latspec, lonspec, latlin, lonlin, index)
        if len(points) == 0:
            raise CDMSError(
                'No data in the specified region, longitude=%s, latitude=%s' %
                (repr(lonspec), repr(latspec)))

        fullmask = numpy.ones(ncell)
        numpy.put(fullmask, points, 0)

        imin, imax = (min(points), max(points) + 1)
        submask = fullmask[imin:imax]

        cellid = self.getAxis(0).id
        indexspecs = {cellid: slice(imin, imax)}

        return submask, indexspecs


[docs]    def getAxisList(self):
        return [self._lataxis_.getAxis(0), ]


[docs]    def isClose(self, g):
        """
        Is Close

        Returns
        -------

        1 iff g is a grid of the same type and shape.


        Notes
        -----
        A real element-by-element comparison would be too expensive here."""
        if g is None:
            return 0
        elif self.shape != g.shape:
            return 0
        elif not isinstance(g, AbstractGenericGrid):
            return 0
        else:
            return 1


[docs]    def checkAxes(self, axes):
        """
        Check Axes

        Returns
        -------

        1 iff every element of self.getAxisList() is in the list 'axes'."""
        for item in self.getAxisList():
            if item not in axes:
                result = 0
                break
        else:
            result = 1

        return result


[docs]    def reconcile(self, axes):
        """
        Reconcile

        Returns
        -------

        a grid that is consistent with the axes, or None.

        Notes
        -----
        For curvilinear grids this means that the grid-related axes are
        contained in the 'axes' list.
        """
        result = self
        selfaxes = self.getAxisList()
        missing = []
        for i in range(1):
            if selfaxes[i] not in axes:
                missing.append(i)
                result = None

        # Some of the grid axes are not in the 'axes' list
        if result is None:
            result = self.clone()
            for i in missing:
                for item in axes:
                    if (len(selfaxes[i]) == len(item)) and \
                            allclose(selfaxes[i], item):
                        result._lataxis_.setAxis(i, item)
                        result._lonaxis_.setAxis(i, item)
                        break
                else:
                    result = None
                    break

        return result


[docs]    def flatAxes(self):
        """
        Flat Axes

        Returns
        -------

        (flatlat, flatlon) where flatlat is a 1D NumPy array

       Notes
       -----
       having the same length as the number of cells in the grid, similarly
       for flatlon."""
        if self._flataxes_ is None:
            from . import MV2 as MV
            alat = MV.filled(self.getLatitude())
            alon = MV.filled(self.getLongitude())
            self._flataxes_ = (alat, alon)
        return self._flataxes_


[docs]    def toGenericGrid(self, gridid=None):
        if gridid is None:
            gridid = self.id
        result = self.clone()
        result.id = gridid
        return result

    shape = property(_getShape, None)


# PropertiedClasses.set_property (AbstractGenericGrid, 'shape',
#                                   AbstractGenericGrid._getShape, nowrite=1,
# nodelete=1)


[docs]class DatasetGenericGrid(AbstractGenericGrid):

    def __init__(self, latAxis, lonAxis, id, parent=None,
                 maskvar=None, tempmask=None, node=None):
        """Create a file curvilinear grid.
        """
        AbstractGenericGrid.__init__(
            self, latAxis, lonAxis, id, maskvar, tempmask, node)
        self.parent = parent

    def __repr__(self):
        return "<DatasetGenericGrid, id: %s, shape: %s>" % (
            self.id, repr(self.shape))



[docs]class FileGenericGrid(AbstractGenericGrid):

    def __init__(self, latAxis, lonAxis, id, parent=None,
                 maskvar=None, tempmask=None, node=None):
        """Create a file curvilinear grid.
        """
        AbstractGenericGrid.__init__(
            self, latAxis, lonAxis, id, maskvar, tempmask, node)
        self.parent = parent

    def __repr__(self):
        return "<FileGenericGrid, id: %s, shape: %s>" % (
            self.id, repr(self.shape))



[docs]class TransientGenericGrid(AbstractGenericGrid):

    grid_count = 0

    def __init__(self, latAxis, lonAxis, id=None, maskvar=None, tempmask=None):
        """Create a file curvilinear grid.
        """
        if id is None:
            TransientGenericGrid.grid_count += 1
            id = 'grid_' + str(TransientGenericGrid.grid_count)
        AbstractGenericGrid.__init__(
            self, latAxis, lonAxis, id, maskvar, tempmask)

    def __repr__(self):
        return "<TransientGenericGrid, id: %s, shape: %s>" % (
            self.id, repr(self.shape))

[docs]    def toGenericGrid(self, gridid=None):
        if gridid is None:
            result = self
        else:
            result = self.clone()
            result.id = gridid
        return result




[docs]def readScripGenericGrid(fileobj, dims, whichType, whichGrid):
    """Read a 'native' SCRIP grid file, returning a transient generic grid.

       Parameters
       ----------

       fileobj : is an open CDMS dataset or file object.

       dims : is the grid shape.

       whichType : is the type of file, either "grid" or "mapping"


       Notes
       -----
       if whichType is "mapping", whichGrid is the choice of grid, either "source" or "destination"
    """
    from .auxcoord import TransientAuxAxis1D
    from .coord import TransientVirtualAxis

    convention = 'SCRIP'
    if 'S' in list(fileobj.variables.keys()):
        convention = 'NCAR'
        if whichType == "grid":
            gridCornerLatName = 'grid_corner_lat'
            gridCornerLonName = 'grid_corner_lon'
            gridMaskName = 'grid_imask'
            gridCenterLatName = 'grid_center_lat'
            gridCenterLonName = 'grid_center_lon'
            titleName = 'title'
        elif whichGrid == "destination":
            gridCornerLatName = 'yv_b'
            gridCornerLonName = 'xv_b'
            gridMaskName = 'mask_b'
            gridCenterLatName = 'yc_b'
            gridCenterLonName = 'xc_b'
            titleName = 'dest_grid'
        else:
            gridCornerLatName = 'yv_a'
            gridCornerLonName = 'xv_a'
            gridMaskName = 'mask_a'
            gridCenterLatName = 'yc_a'
            gridCenterLonName = 'xc_a'
            titleName = 'source_grid'
    else:
        if whichType == "grid":
            gridCornerLatName = 'grid_corner_lat'
            gridCornerLonName = 'grid_corner_lon'
            gridMaskName = 'grid_imask'
            gridCenterLatName = 'grid_center_lat'
            gridCenterLonName = 'grid_center_lon'
            titleName = 'title'
        elif whichGrid == "destination":
            gridCornerLatName = 'dst_grid_corner_lat'
            gridCornerLonName = 'dst_grid_corner_lon'
            gridMaskName = 'dst_grid_imask'
            gridCenterLatName = 'dst_grid_center_lat'
            gridCenterLonName = 'dst_grid_center_lon'
            titleName = 'dest_grid'
        else:
            gridCornerLatName = 'src_grid_corner_lat'
            gridCornerLonName = 'src_grid_corner_lon'
            gridMaskName = 'src_grid_imask'
            gridCenterLatName = 'src_grid_center_lat'
            gridCenterLonName = 'src_grid_center_lon'
            titleName = 'source_grid'

    vardict = fileobj.variables
    cornerLat = fileobj(gridCornerLatName)
    cornerLon = fileobj(gridCornerLonName)
    ncorners = cornerLat.shape[-1]

    if convention == 'NCAR':
        ni = cornerLat.shape[0]
    else:
        ni = dims[0]

    boundsshape = (ni, ncorners)
    if hasattr(cornerLat, 'units') and cornerLat.units[0:6].lower() == 'radian':
        cornerLat = (cornerLat * (180.0 / numpy.pi)).reshape(boundsshape)
        cornerLon = (cornerLon * (180.0 / numpy.pi)).reshape(boundsshape)

    iaxis = TransientVirtualAxis("i", ni)

    if gridMaskName in vardict:
        # SCRIP convention: 0 for invalid data
        # numpy.ma convention: 1 for invalid data
        mask = 1 - fileobj(gridMaskName)
    else:
        mask = None

    if gridCenterLatName in vardict:
        centerLat = fileobj(gridCenterLatName)
        if hasattr(centerLat, "units") and centerLat.units.lower() == 'radians':
            centerLat *= (180.0 / numpy.pi)
    else:
        centerLat = cornerLat[:, :, 0]

    if gridCenterLonName in vardict:
        centerLon = fileobj(gridCenterLonName)
        if hasattr(centerLon, "units") and centerLon.units.lower() == 'radians':
            centerLon *= (180.0 / numpy.pi)
    else:
        centerLon = cornerLon[:, :, 0]

    if hasattr(fileobj, titleName):
        gridid = getattr(fileobj, titleName)
        gridid = gridid.strip().replace(' ', '_')
    else:
        gridid = "<None>"

    lataxis = TransientAuxAxis1D(centerLat, axes=(iaxis,), bounds=cornerLat,
                                 attributes={'units': 'degrees_north'}, id="latitude")
    lonaxis = TransientAuxAxis1D(centerLon, axes=(iaxis,), bounds=cornerLon,
                                 attributes={'units': 'degrees_east'}, id="longitude")
    grid = TransientGenericGrid(lataxis, lonaxis, id=gridid, tempmask=mask)

    return grid
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  Source code for cdms2.grid

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by
# Further modified to be pure new numpy June 24th 2008

"""CDMS Grid objects"""
import re
from .error import CDMSError
import numpy  # , PropertiedClasses, internattr
import copy
import sys
from .cdmsobj import CdmsObj
from .axis import TransientAxis, createAxis, createUniformLatitudeAxis
from .axis import createUniformLongitudeAxis, getAutoBounds
from .axis import createGaussianAxis, isSubsetVector
from .axis import lookupArray  # noqa

MethodNotImplemented = "Method not yet implemented"

# Determine the type of grid from the grid classifier, not .grid_type
_classifyGrids = 1

# Set grid classifiction mode. If on, gridtype is determined by the grid
# classification method, regardless of the value of grid.getType().
# (if any). If 'off', the value of .grid_type overrides the classification.


[docs]def setClassifyGrids(mode):
    """
    Not documented
    """
    global _classifyGrids
    if mode == 'on':
        _classifyGrids = 1
    elif mode == 'off':
        _classifyGrids = 0


# Create a transient rectilinear grid


[docs]def createRectGrid(lat, lon, order="yx", type="generic", mask=None):
    """
    Not documented
    """

    return TransientRectGrid(lat, lon, order, type, mask)


# Generate a uniform rectilinear grid


[docs]def createUniformGrid(startLat, nlat, deltaLat, startLon,
                      nlon, deltaLon, order="yx", mask=None):
    """
    Not documented
    """

    lat = createUniformLatitudeAxis(startLat, nlat, deltaLat)
    lon = createUniformLongitudeAxis(startLon, nlon, deltaLon)
    return createRectGrid(lat, lon, order, "uniform", mask)


# Generate a grid for calculating the global mean. The grid is a single
# zone covering the range of the input grid


[docs]def createGlobalMeanGrid(grid):
    """
    Not documented
    """
    inlat = grid.getLatitude()
    inlatBounds, inlonBounds = grid.getBounds()
    outlatArray = numpy.array([(inlat[0] + inlat[-1]) / 2.0])
    outlatBounds = numpy.array([[inlatBounds[0, 0], inlatBounds[-1, 1]]])
    outlat = createAxis(outlatArray, outlatBounds)
    outlat.units = inlat.units

    inlon = grid.getLongitude()
    outlonArray = numpy.array([(inlon[0] + inlon[-1]) / 2.0])
    outlonBounds = numpy.array([[inlonBounds[0, 0], inlonBounds[-1, 1]]])
    outlon = createAxis(outlonArray, outlonBounds)
    outlon.units = inlon.units

    return createRectGrid(outlat, outlon, grid.getOrder())


# Generate a grid for zonal averaging. The grid has the same latitudes
# as the input grid, and a single longitude.


[docs]def createZonalGrid(grid):
    """
    Not documented
    """
    inlat = grid.getLatitude()
    outlatBounds, inlonBounds = grid.getBounds()
    outlat = createAxis(inlat[:], outlatBounds)
    outlat.units = inlat.units

    inlon = grid.getLongitude()
    outlonArray = numpy.array([(inlon[0] + inlon[-1]) / 2.0])
    outlonBounds = numpy.array([[inlonBounds[0, 0], inlonBounds[-1, 1]]])
    outlon = createAxis(outlonArray, outlonBounds)
    outlon.units = inlon.units

    return createRectGrid(outlat, outlon, grid.getOrder())


# Generate a generic (untyped) grid from lat, lon vectors


[docs]def createGenericGrid(latArray, lonArray, latBounds=None,
                      lonBounds=None, order="yx", mask=None):
    """
    Not documented
    """
    lat = createAxis(latArray, latBounds)
    lat.units = "degrees_north"
    lon = createAxis(lonArray, lonBounds)
    lon.units = "degrees_east"
    return createRectGrid(lat, lon, order, "generic", mask)



[docs]def createGaussianGrid(nlats, xorigin=0.0, order="yx"):
    """
    Create a Gaussian grid, with shape (nlats, 2*nlats).

    Parameters
    ----------
    nlats : is the number of latitudes.

    xorigin : is the origin of the longitude axis

    order : is either "yx" or "xy"
    """
    lat = createGaussianAxis(nlats)
    nlons = 2 * nlats
    lon = createUniformLongitudeAxis(xorigin, nlons, 360.0 / float(nlons))
    return createRectGrid(lat, lon, order, "gaussian")



# Functions for coordinate region specifications
LongitudeType = 'lon'
LatitudeType = 'lat'
VerticalType = 'lev'
TimeType = 'time'
CoordinateTypes = [LongitudeType, LatitudeType, VerticalType, TimeType]

# Note: no time dimensions in grids.
CoordTypeToLoc = {LongitudeType: 0, LatitudeType: 1, VerticalType: 2}


[docs]def defaultRegion():
    """
    Default Region

    Returns
    -------

    a specification for a default (full) region."""
    return [None] * 3



[docs]def setRegionSpecs(grid, coordSpec, coordType, resultSpec):
    """
    Modify a list of coordinate specifications, given a coordinate type and
    a specification for that coordinate.

    Parameters
    ----------

    grid : is the grid object to be associated with the region.

    coordSpec : is a coordinate specification, having one of the forms:

                x

               (x,y)

               (x,y,'co')

               (x,y,'co',cycle)

               ':'
               None

    coordType : is one of CoordinateTypes

    resultSpec : is a list of 4-tuples of the form (x,y,'co',cycle), or None
                 if no spec for the corresponding dimension type.
                 The function sets the appropriate coordinate in resultSpec,
                 in the canonical form (x,y,'co',cycle). A CDMSError exception
                 is raised if the entry in resultSpec is not None.

    Notes
    -----

    That time coordinate types are not permitted.
    """

    if (coordSpec is None) or (coordSpec == ':'):
        canonSpec = None
    elif isinstance(coordSpec, tuple):
        if len(coordSpec) == 2:
            canonSpec = (coordSpec[0], coordSpec[1], 'cc', None)
        elif len(coordSpec) == 3:
            canonSpec = (coordSpec[0], coordSpec[1], coordSpec[2], None)
        elif len(coordSpec) != 4:
            raise CDMSError(
                'Invalid coordinate specification: %s' %
                repr(coordSpec))
    elif type(coordSpec) in [int, float]:
        canonSpec = (coordSpec, coordSpec, 'cc', None)
    else:
        raise CDMSError(
            'Invalid coordinate specification: %s' %
            repr(coordSpec))

    coordLoc = CoordTypeToLoc[coordType]
    if coordLoc is None:
        raise CDMSError('Invalid coordinate type: %s' % coordType)

    if resultSpec[coordLoc] is not None:
        raise CDMSError(
            'Multiple specifications for coordinate type %s' %
            coordType)
    resultSpec[coordLoc] = canonSpec



[docs]class AbstractGrid (CdmsObj):

    def __init__(self, node):

        CdmsObj.__init__(self, node)
        self.id = '<None>'  # String identifier
        if node is not None and hasattr(node, 'id'):
            self.id = node.id
        self.parent = None  # Dataset containing this grid
        self._flataxes_ = None
        self._mesh_ = None

[docs]    def listall(self, all=None):
        result = []
        result.append('Grid has Python id %s.' % hex(id(self)))
        return result


    def __str__(self):
        return "\n".join(self.listall())

    __repr__ = __str__

[docs]    def info(self, flag=None, device=None):
        "Write info about slab; include dimension values and weights if flag"
        if device is None:
            device = sys.stdout
        device.write(str(self))


[docs]    def writeToFile(self, file):
        """Write self to a CdmsFile file, returning CF coordinates attribute, or None if not applicable"""
        raise CDMSError(MethodNotImplemented)


[docs]    def subSlice(self, *specs, **keys):
        """Get a subgrid based on an argument list <specs> of slices."""
        raise CDMSError(MethodNotImplemented)


[docs]    def hasCoordType(self, coordType):
        """
        Has CoordType

        Returns
        -------

        1 iff self has the coordinate type.
        """
        return 0


[docs]    def getAxisList(self):
        """
        Not documented
        """
        axes = []
        for i in range(len(self._order_)):
            axes.append(self.getAxis(i))
        return axes


[docs]    def isClose(self, g):
        """
        Is Close

        Returns
        -------

        1 if g is 'close enough' to self to be considered equal, 0 if not."""
        return 0


[docs]    def checkAxes(self, axes):
        """
        Check Axes

        Returns
        -------

        1 iff self.getAxisList and axes are consistent."""
        return 1


[docs]    def reconcile(self, axes):
        """
        Reconcile

        Returns
        -------

        a grid that is consistent with the axes, or None."""
        return self


[docs]    def clone(self, copyData=1):
        """Make a copy of self."""
        raise CDMSError(MethodNotImplemented)


[docs]    def flatAxes(self):
        """
        Flat Axes

        Returns
        -------
        (flatlat, flatlon) where flatlat is a raveled NumPy array
         having the same length as the number of cells in the grid, similarly
         for flatlon."""
        raise CDMSError(MethodNotImplemented)


[docs]    def size(self):
        "Return number of cells in the grid"
        raise CDMSError(MethodNotImplemented)


[docs]    def writeScrip(self, cdunifFile):
        "Write a grid to a SCRIP file"
        raise CDMSError(MethodNotImplemented)




[docs]class AbstractRectGrid(AbstractGrid):
    """
    Abstract Rect Grid

    Parameters
    ----------

    AbstractRectGrid : defines the interface for rectilinear grids

    grids : which can be decomposed into 1-D latitude and longitude axes

    """
    gridtypes = ['gaussian', 'uniform', 'equalarea', 'generic']

    def __init__(self, node):
        AbstractGrid.__init__(self, node)
        val = self.__cdms_internals__ + ['id', ]
        self.___cdms_internals__ = val

[docs]    def listall(self, all=None):
        result = AbstractGrid.listall(self, all)
        result.append('Gridtype: ' + self.getType())
        result.append('Grid shape: ' + str(self.shape))
        result.append('Order: ' + self.getOrder())
        if all:
            result.append('Weights:')
            result.append(str(self.getWeights()))
        return result


    def _getshape(self):

        if self._order_ == "yx":
            return (len(self._lataxis_), len(self._lonaxis_))
        else:
            return (len(self._lonaxis_), len(self._lataxis_))

    # Get the n-th axis. naxis is 0 or 1.
[docs]    def getAxis(self, naxis):
        """
        Not documented
        """
        ind = self._order_[naxis]
        if ind == 'x':
            axis = self.getLongitude()
        else:
            axis = self.getLatitude()
        return axis


[docs]    def getBounds(self):
        """
        Not documented
        """
        latbnds, lonbnds = (self._lataxis_.getExplicitBounds(),
                            self._lonaxis_.getExplicitBounds())
        if (latbnds is None or lonbnds is None) and getAutoBounds() in [1, 2]:
            nlatbnds, nlonbnds = self.genBounds()
            if latbnds is None:
                latbnds = nlatbnds
            if lonbnds is None:
                lonbnds = nlonbnds

        return (latbnds, lonbnds)


[docs]    def getLatitude(self):
        """
        Not documented
        """
        return self._lataxis_


[docs]    def getLongitude(self):
        """
        Not documented
        """
        return self._lonaxis_


[docs]    def getMask(self):
        """
        Not documented
        """
        raise CDMSError(MethodNotImplemented)


[docs]    def setMask(self, mask, permanent=0):
        """
        Not documented
        """
        raise CDMSError(MethodNotImplemented)


[docs]    def getOrder(self):
        """
        Not documented
        """
        return self._order_


[docs]    def getType(self):
        """
        Not documented
        """
        return self._gridtype_


[docs]    def setType(self, gridtype):
        """
        Not documented
        """
        if gridtype == 'linear':
            gridtype = 'uniform'
        if gridtype == 'unknown':
            gridtype = 'generic'
        # assert gridtype in AbstractRectGrid.gridtypes, 'Grid type must be one
        # of %s'%`AbstractRectGrid.gridtypes`
        self._gridtype_ = gridtype


    # Return normalized area weights, as latWeights, lonWeights:
    #   latWeights[i] = 0.5 * abs(sin(latBnds[i+1]) - sin(latBnds[i]))
    #   lonWeights[i] = abs(lonBnds[i+1] - lonBnds[i])/360.0
    # Assumes that both axes are represented in degrees.
[docs]    def getWeights(self):
        """
        Not documented
        """

        latBounds, lonBounds = self.getBounds()
        latBounds = (numpy.pi / 180.0) * latBounds
        latWeights = 0.5 * \
            numpy.absolute(
                numpy.sin(latBounds[:, 1]) - numpy.sin(latBounds[:, 0]))

        lonWeights = numpy.absolute(
            (lonBounds[:, 1] - lonBounds[:, 0])) / 360.0

        return latWeights, lonWeights


    # Create a transient grid for the index (tuple) intervals.
[docs]    def subGrid(self, latinterval, loninterval):
        """
        Not documented
        """
        if latinterval is None:
            latinterval = (0, len(self._lataxis_))
        if loninterval is None:
            loninterval = (0, len(self._lonaxis_))

        latobj = self._lataxis_.subaxis(latinterval[0], latinterval[1])
        lonobj = self._lonaxis_.subaxis(loninterval[0], loninterval[1])
        maskArray = self.getMask()
        if maskArray is not None:
            if self._order_ == "yx":
                submask = maskArray[latinterval[0]:latinterval[1],
                                    loninterval[0]:loninterval[1]]
            else:
                submask = maskArray[loninterval[0]:loninterval[1],
                                    latinterval[0]:latinterval[1]]
        else:
            submask = None

        return TransientRectGrid(
            latobj, lonobj, self._order_, self._gridtype_, submask)


    # Same as subGrid, for coordinates
[docs]    def subGridRegion(self, latRegion, lonRegion):
        """
        Not documented
        """
        latInterval = self._lataxis_.mapInterval(latRegion)
        lonInterval = self._lonaxis_.mapInterval(lonRegion)
        return self.subGrid(latInterval, lonInterval)


    # Return a transient grid which is the transpose of this grid
[docs]    def transpose(self):
        """
        Not documented
        """
        if self._order_ == "yx":
            neworder = "xy"
        else:
            neworder = "yx"

        maskArray = self.getMask()
        if maskArray is not None:
            newmask = numpy.transpose(maskArray)
        else:
            newmask = None

        return TransientRectGrid(
            self._lataxis_, self._lonaxis_, neworder, self._gridtype_, newmask)


    # Generate a best guess at grid info for a single grid
    # Return a tuple (type,nlats,isoffset) where:
    #   type == ('gaussian' | 'equalarea' | 'uniform' | 'generic')
    #   nlats is the number of latitudes of the grid:
    #     if gaussian, the gaussian nlats minus pole values
    #     if equalarea, the equalarea nlats minus pole values
    #   isoffset is true iff this is a BOUNDARY grid, hence the bounds
    #     are the points wrt nlat, plus the poles.
[docs]    def classify(self):
        """
        Not documented
        """
        import regrid2._regrid

        CLOSE_ENOUGH = 1.e-3
        lat = self.getLatitude()
        if len(lat) == 1:
            return ('generic', 1, 0)

        latar = lat[:]
        if lat[0] < lat[-1]:              # increasing?
            hassouth = (abs(lat[0] + 90.0) < 1.e-2)
            hasnorth = (abs(lat[-1] - 90.0) < 1.e-2)
            if hassouth:
                latar = latar[1:]
            if hasnorth:
                latar = latar[:-1]
        else:                           # decreasing
            hassouth = (abs(lat[-1] + 90.0) < 1.e-2)
            hasnorth = (abs(lat[0] - 90.0) < 1.e-2)
            if hassouth:
                latar = latar[:-1]
            if hasnorth:
                latar = latar[1:]
        nlats = len(latar)

        # Get the related Gaussian latitude
        gausslatns, wts, bnds = regrid2._regrid.gridattr(
            len(latar), 'gaussian')
        gausslatsn = gausslatns[::-1]
        diffs = latar[1:] - latar[:-1]
        equalareans, wts, bnds = regrid2._regrid.gridattr(
            len(latar), 'equalarea')
        equalareasn = equalareans[::-1]

        # Get the Gaussian lats for len+1, in case this is a boundary
        dumlat, dumwt, bndsplusns = regrid2._regrid.gridattr(
            len(latar) + 1, 'gaussian')
        bndsplussn = bndsplusns[::-1]

        # Look for N-S equality
        isoffset = 0
        if numpy.alltrue(numpy.less(numpy.absolute(
                latar[:] - gausslatns), CLOSE_ENOUGH)):
            actualType = 'gaussian'

        elif numpy.alltrue(numpy.less(numpy.absolute(latar[:] - gausslatsn), CLOSE_ENOUGH)):
            actualType = 'gaussian'

        # Check for zone (offset) variable
        elif numpy.alltrue(numpy.less(numpy.absolute(latar[:] - bndsplusns[1:-1]), CLOSE_ENOUGH)):
            actualType = 'gaussian'
            isoffset = 1
            nlats = nlats + 1

        elif numpy.alltrue(numpy.less(numpy.absolute(latar[:] - bndsplussn[1:-1]), CLOSE_ENOUGH)):
            actualType = 'gaussian'
            isoffset = 1
            nlats = nlats + 1

        elif numpy.alltrue(numpy.less(numpy.absolute(diffs - diffs[0]), CLOSE_ENOUGH)):
            actualType = 'uniform'

        elif numpy.alltrue(numpy.less(numpy.absolute(latar[:] - equalareans), CLOSE_ENOUGH)):
            actualType = 'equalarea'

        elif numpy.alltrue(numpy.less(numpy.absolute(latar[:] - equalareasn), CLOSE_ENOUGH)):
            actualType = 'equalarea'

        else:
            actualType = 'generic'

        return (actualType, nlats, isoffset)


    # Generate a best guess at grid info within a family of grids (list of grids)
    # Return a tuple (type,coverage,nlats,isoffset, basegrid, latindex) where:
    #   type == ('gaussian' | 'equalarea' | 'uniform' | 'generic')
    #   coverage == ('global' | 'regional')
    #   nlats is the number of latitudes of the FULL grid:
    #     if gaussian, the gaussian nlats minus pole values
    #     if equalarea, the equalarea nlats minus pole values
    #     if regional, nlats for the full grid, of which this is a subset
    #     if offset, nlats for which this is the BOUNDARY grid
    #   isoffset is true iff this is a BOUNDARY grid, hence the bounds
    #     are the points wrt nlat, plus the poles.
    #   basegrid is the full grid, if this is regional, or None
    #   latindex is index into basegrid latitude, or None
[docs]    def classifyInFamily(self, gridlist):
        """
        Not documented
        """
        gridtype, nlats, isoffset = self.classify()
        coverage = 'global'
        basegrid = None
        latindex = None
        if gridtype == 'generic':
            # Look for truncated grids: such that grid is a subset of grid2
            for grid2 in gridlist:
                if self.id == grid2.id:
                    continue
                lat = self.getLatitude()
                lon = self.getLongitude()
                lat2 = grid2.getLatitude()
                lon2 = grid2.getLongitude()
                if len(lat) > len(lat2) or len(lon) > len(lon2):
                    continue
                latIsSubset, latindex = isSubsetVector(lat[:], lat2[:], 1.e-2)
                lonIsSubset, lonindex = isSubsetVector(lon[:], lon2[:], 1.e-2)
                if latIsSubset and lonIsSubset:
                    if len(lat2) > nlats:
                        coverage = 'regional'
                    nlats = len(lat2)
                    basegrid = grid2.id
                    break

        return (gridtype, coverage, nlats, isoffset, basegrid, latindex)


    # Generate default bounds
[docs]    def genBounds(self):
        """
        Not documented
        """
        import regrid2._regrid

        if hasattr(self, "parent") and self.parent is not None:
            gridfamily = list(self.parent.grids.values())
        else:
            gridfamily = []

        gridtype, coverage, nlats, isoffset, basegrid, latindex = self.classifyInFamily(
            gridfamily)
        if _classifyGrids == 0:
            gridtypenew = self.getType()
            if gridtypenew in AbstractRectGrid.gridtypes:
                gridtype = gridtypenew

        # Get latitude bounds
        lat = self.getLatitude()
        ascending = (lat[0] < lat[-1])
        if gridtype == 'gaussian':
            pts, wts, bnds = regrid2._regrid.gridattr(nlats, 'gaussian')
            if ascending:
                bnds = bnds[::-1]
            latbnds = numpy.zeros((len(lat), 2), numpy.float)
            latbnds[:, 0] = bnds[:-1]
            latbnds[:, 1] = bnds[1:]
            latbnds[0, :] = numpy.maximum(-90.0,
                                          numpy.minimum(90.0, latbnds[0, :]))
            latbnds[-1, :] = numpy.maximum(-90.0,
                                           numpy.minimum(90.0, latbnds[-1, :]))
        elif gridtype == 'equalarea':
            pts, wts, bnds = regrid2._regrid.gridattr(nlats, 'equalarea')
            if ascending:
                bnds = bnds[::-1]
            latbnds = numpy.zeros((len(lat), 2), numpy.float)
            latbnds[:, 0] = bnds[:-1]
            latbnds[:, 1] = bnds[1:]
            latbnds[0, :] = numpy.maximum(-90.0,
                                          numpy.minimum(90.0, latbnds[0, :]))
            latbnds[-1, :] = numpy.maximum(-90.0,
                                           numpy.minimum(90.0, latbnds[-1, :]))
        else:
            latbnds = lat.genGenericBounds()

        # Get longitude bounds
        lon = self.getLongitude()
        if len(lon) > 1:
            lonbnds = lon.genGenericBounds()
        else:
            lonbnds = numpy.array(
                [[lon[0] - 180.0, lon[0] + 180.0]], numpy.float)

        return (latbnds, lonbnds)


[docs]    def writeToFile(self, file):
        """
        Not documented
        """
        return None


[docs]    def getMesh(self):
        """Generate a mesh array for the meshfill graphics method."""
        if self._mesh_ is None:
            LAT = 0
            LON = 1
            latbounds, lonbounds = self.getBounds()
            if latbounds is None or lonbounds is None:
                raise CDMSError(
                    'No boundary data is available for grid %s' %
                    self.id)
            ny = len(self._lataxis_)
            nx = len(self._lonaxis_)
            lenmesh = ny * nx
            mesh = numpy.zeros((lenmesh, 2, 4), latbounds.dtype.char)
            broadlat = numpy.repeat(latbounds[:, numpy.newaxis, :], nx, axis=1)
            broadlat.shape = (lenmesh, 2)
            broadlon = numpy.repeat(lonbounds[numpy.newaxis, :, :], ny, axis=0)
            broadlon.shape = (lenmesh, 2)
            mesh[:, LAT, 0] = broadlat[:, 0]
            mesh[:, LAT, 1] = broadlat[:, 0]
            mesh[:, LAT, 2] = broadlat[:, 1]
            mesh[:, LAT, 3] = broadlat[:, 1]
            mesh[:, LON, 0] = broadlon[:, 0]
            mesh[:, LON, 1] = broadlon[:, 1]
            mesh[:, LON, 2] = broadlon[:, 1]
            mesh[:, LON, 3] = broadlon[:, 0]
            self._mesh_ = mesh
        return self._mesh_


[docs]    def flatAxes(self):
        """
        Flat Axes

        Returns
        -------
        flatlat, flatlon) where flatlat is a 1D NumPy array having the same
        length as the number of cells in the grid, similarly for flatlon."""

        if self._flataxes_ is None:
            alat = self.getLatitude()[:]
            alon = self.getLongitude()[:]
            alatflat = numpy.repeat(alat[:, numpy.newaxis], len(alon), axis=1)
            alonflat = numpy.repeat(alon[numpy.newaxis, :], len(alat), axis=0)
            self._flataxes_ = (numpy.ravel(alatflat), numpy.ravel(alonflat))
        return self._flataxes_


[docs]    def size(self):
        ny, nx = self.shape
        return ny * nx


[docs]    def writeScrip(self, cufile, gridTitle=None):
        """
        Write a grid to a SCRIP file.

        Parameters
        ----------
        cufile : is a Cdunif file, NOT a CDMS file.

        gridtitle : is a string identifying the grid.

        """
        cgrid = self.toCurveGrid()
        cgrid.writeScrip(cufile, gridTitle)


[docs]    def toCurveGrid(self, gridid=None):
        """
        Convert to a curvilinear grid.

        Parameters
        ----------
        gridid : is the string identifier of the resulting curvilinear grid object.

        """

        from .coord import TransientVirtualAxis, TransientAxis2D
        from .hgrid import TransientCurveGrid

        lat = self._lataxis_[:]
        lon = self._lonaxis_[:]

        latunits = ''
        if hasattr(self._lataxis_, 'units'):
            latunits = self._lataxis_.units

        lonunits = ''
        if hasattr(self._lonaxis_, 'units'):
            lonunits = self._lonaxis_.units

        blat, blon = self.getBounds()
        mask = self.getMask()

        nlat = len(lat)
        nlon = len(lon)

        order = self.getOrder()

        # Deal with the order of the axes
        # ax - first index, ay - second index
        if re.search(order, 'xy', re.I):
            orderXY = True
            ax, ay = lat, lon
            bx, by = blat, blon
            nx, ny = nlat, nlon
        else:
            orderXY = False
            ax, ay = lon, lat
            bx, by = blon, blat
            nx, ny = nlon, nlat

        centerX = numpy.outer(numpy.ones(ny), ax)
        centerY = numpy.outer(ay, numpy.ones(nx))

        # Create corner latitudes (in yx order), ensuring counterclockwise
        # direction
        cy = numpy.zeros((ny, 4), numpy.float)
        if (by[0, 0] <= by[0, 1]):
            incr = 1
        else:
            incr = 0
        cy[:, 0] = by[:, 1 - incr]
        cy[:, 1] = by[:, 1 - incr]
        cy[:, 2] = by[:, incr]
        cy[:, 3] = by[:, incr]
        cornerY = numpy.repeat(cy[:, numpy.newaxis, :], nx, axis=1)

        # Create corner longitudes (in yx order), ensuring counterclockwise
        # direction
        cx = numpy.zeros((nx, 4), numpy.float)
        if (bx[0, 0] <= bx[0, 1]):
            incr = 1
        else:
            incr = 0
        cx[:, 0] = bx[:, 1 - incr]
        cx[:, 1] = bx[:, incr]
        cx[:, 2] = bx[:, incr]
        cx[:, 3] = bx[:, 1 - incr]
        cornerX = numpy.repeat(cx[numpy.newaxis, :, :], ny, axis=0)

        iaxis = TransientVirtualAxis("i", ny)  # First axis
        jaxis = TransientVirtualAxis("j", nx)  # Second axis

        centerLat = centerY
        centerLon = centerX
        cornerLat = cornerY
        cornerLon = cornerX
        if orderXY:
            centerLat = centerX
            centerLon = centerY
            cornerLat = cornerX
            cornerLon = cornerY

        lataxis = TransientAxis2D(centerLat, axes=(iaxis, jaxis), bounds=cornerLat,
                                  attributes={'units': latunits}, id="latitude")
        lonaxis = TransientAxis2D(centerLon, axes=(iaxis, jaxis), bounds=cornerLon,
                                  attributes={'units': lonunits}, id="longitude")
        grid = TransientCurveGrid(lataxis, lonaxis, id=gridid, tempmask=mask)

        return grid


[docs]    def toGenericGrid(self, gridid=None):
        """
        Not documented
        """
        curvegrid = self.toCurveGrid()
        gengrid = curvegrid.toGenericGrid(gridid=gridid)
        return gengrid


    shape = property(_getshape, None)


# PropertiedClasses.set_property (AbstractRectGrid, 'shape',
# AbstractRectGrid._getshape,
# nowrite=1,
# nodelete=1)

# internattr.add_internal_attribute (AbstractRectGrid, 'id', 'parent')


[docs]class RectGrid(AbstractRectGrid):

    def __init__(self, parent, rectgridNode=None):
        if rectgridNode is not None and rectgridNode.tag != 'rectGrid':
            raise CDMSError('Node is not a grid node')
        AbstractRectGrid.__init__(self, rectgridNode)
        self.parent = parent

    # Set pointers to related structural elements: lon, lat axes, order, mask
[docs]    def initDomain(self, axisdict, vardict):
        """
        Not documented
        """
        if self.latitude not in axisdict:
            raise CDMSError('No such latitude: %s' % repr(self.latitude))
        if self.longitude not in axisdict:
            raise CDMSError('No such longitude: %s' % repr(self.longitude))
        self._lataxis_ = axisdict[self.latitude]
        self._lonaxis_ = axisdict[self.longitude]
        self._order_ = self.order
        self._gridtype_ = self.attributes.get('type')
        if self._gridtype_ is None:
            self._gridtype_ = "generic"
        if hasattr(self, "mask"):
            self._maskVar_ = vardict.get(self.mask)
        else:
            self._maskVar_ = None


[docs]    def getMask(self):
        """
        Not documented
        """
        if self._maskVar_ is None:
            # return numpy.ones(self.shape)
            return None
        else:
            return self._maskVar_[:]


[docs]    def getMaskVar(self):
        """
        Not documented
        """
        return self._maskVar_



# internattr.add_internal_attribute(RectGrid)


[docs]class FileRectGrid(AbstractRectGrid):

    def __init__(self, parent, gridname, latobj, lonobj,
                 order, gridtype, maskobj=None, tempMask=None):
        AbstractRectGrid.__init__(self, None)
        self.id = gridname
        self.parent = parent
        self._lataxis_ = latobj
        self._lonaxis_ = lonobj
        if order not in ["yx", "xy"]:
            raise CDMSError('Grid order must be "yx" or "xy"')
        self._order_ = order
        self.setType(gridtype)
        self._maskVar_ = maskobj        # FileVariable of mask
        # numpy array, which overrides the permanent mask
        self.setMask(tempMask)

    # Set bounds. If persistent==1, write to file, else just shadow any file
    # boundaries.
[docs]    def setBounds(self, latBounds, lonBounds, persistent=0):
        """
        Not documented
        """
        self._lataxis_.setBounds(latBounds, persistent)
        self._lonaxis_.setBounds(lonBounds, persistent)


    # Return the mask array (NOT the mask variable).
[docs]    def getMask(self):
        """
        Not documented
        """
        if self._tempMask_ is not None:
            return self._tempMask_
        elif self._maskVar_ is None:
            # return numpy.ones(self.shape)
            return None
        else:
            return self._maskVar_[:]


    # Set the mask to array 'mask'. If persistent == 1, modify permanently
    # in the file, else set as a temporary mask.
[docs]    def setMask(self, mask, persistent=0):
        """
        Not documented
        """
        if persistent != 0:
            raise CDMSError(MethodNotImplemented)
        if mask is None:
            self._tempMask_ = None
        else:
            assert isinstance(
                mask, numpy.ndarray), 'Mask must be a numpy array'
            assert mask.shape == self.shape, 'Mask must have shape %s' % repr(
                self.shape)
            self._tempMask_ = copy.copy(mask)


[docs]    def getMaskVar(self):
        """
        Not documented
        """
        return self._maskVar_



# internattr.add_internal_attribute(FileRectGrid)

# In-memory rectilinear grid


[docs]class TransientRectGrid(AbstractRectGrid):
    "Grids that live in memory only."

    def __init__(self, latobj, lonobj, order, gridtype, maskarray=None):
        AbstractRectGrid.__init__(self, None)
        if latobj.__class__ != TransientAxis:
            latobj = TransientAxis(latobj[:], latobj.getBounds())
        if lonobj.__class__ != TransientAxis:
            lonobj = TransientAxis(lonobj[:], lonobj.getBounds())
        self._lataxis_ = latobj
        self._lataxis_.designateLatitude()
        self._lonaxis_ = lonobj
        self._lonaxis_.designateLongitude()
        if order not in ["yx", "xy"]:
            raise CDMSError('Grid order must be "yx" or "xy"')
        self._order_ = order
        self.setType(gridtype)
        self.setMask(maskarray)        # numpy mask array

[docs]    def getMask(self):
        """
        Not documented
        """
        if self._maskArray_ is None:
            # return numpy.ones(self.shape)
            return None
        else:
            return self._maskArray_


    # Set the mask. The persistent argument is provided for compatibility
    # with persistent versions, is ignored.
[docs]    def setMask(self, mask, persistent=0):
        """
        Not documented
        """
        if mask is not None:
            if not isinstance(mask, numpy.ndarray):
                raise CDMSError('Mask must be a numpy array')
            if mask.shape != self.shape:
                raise CDMSError('Mask must have shape %s' % repr(self.shape))
        self._maskArray_ = copy.copy(mask)


[docs]    def setBounds(self, latBounds, lonBounds):
        """
        Not documented
        """
        self._lataxis_.setBounds(latBounds)
        self._lonaxis_.setBounds(lonBounds)



# internattr.add_internal_attribute(TransientRectGrid)


[docs]def isGrid(grid):
    """
    Is grid a grid?

    Parameters
    ----------

    grid-cdms2 : contruct to be examined

    """
    return isinstance(grid, AbstractGrid)



[docs]def writeScripGrid(path, grid, gridTitle=None):
    """
    Write a grid to a SCRIP grid file.

    Parameters
    ----------

    path : is the path of the SCRIP file to be created.

    grid : is a CDMS grid object.

    gridTitle : is a string ID for the grid.

    """

    import Cdunif
    f = Cdunif.CdunifFile(path, 'w')
    grid.writeScrip(f, gridTitle)
    f.close()
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  Source code for cdms2.hgrid

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by
# Further modified to be pure new numpy June 24th 2008

"""CDMS HorizontalGrid objects"""

from __future__ import print_function
import numpy
import cdms2
import os
import os.path
# import PropertiedClasses
from .error import CDMSError
from .grid import AbstractGrid, LongitudeType, LatitudeType, CoordTypeToLoc
from .axis import TransientVirtualAxis
from .axis import getAutoBounds, allclose
from cdms2 import bindex
from cdms2 import _bindex
from functools import reduce
import copy

MethodNotImplemented = "Method not yet implemented"


[docs]def _flatten(boundsar):
    boundsshape = boundsar.shape
    if len(boundsshape) > 2:
        newshape = (reduce((lambda x, y: x * y),
                           boundsshape[:-1], 1), boundsshape[-1])
        boundsar.shape = newshape
    return boundsar



class AbstractHorizontalGrid(AbstractGrid):
    """ Create an horizontal grid

    Parameters
    ----------
    latAxis

    lonAxis

    id - Default None

    maskvar - Default None

    tempmask - Default None

    node - Default None

    """

[docs]    def __init__(self, latAxis, lonAxis, id=None,
                 maskvar=None, tempmask=None, node=None):
        """Create a horizontal grid.
        """
        AbstractGrid.__init__(self, node)
        if id is None:
            self.id = "<None>"
        else:
            self.id = id
        self._lataxis_ = latAxis
        self._lonaxis_ = lonAxis
        self._maskVar_ = maskvar
        self._tempMask_ = tempmask


    # Generate default bounds
[docs]    def genBounds(self):
        """
        Not documented
        """
        raise CDMSError(MethodNotImplemented)


    # Get the n-th axis. naxis is 0 or 1.
[docs]    def getAxis(self, naxis):
        """
        Not documented
        """
        raise CDMSError(MethodNotImplemented)


[docs]    def getBounds(self):
        """Get the grid cell boundaries, as a tuple (latitudeBounds, longitudeBounds)
        """
        latbnds, lonbnds = (self._lataxis_.getExplicitBounds(),
                            self._lonaxis_.getExplicitBounds())
        if (latbnds is None or lonbnds is None) and getAutoBounds() in [1, 2]:
            nlatbnds, nlonbnds = self.genBounds()
            if latbnds is None:
                latbnds = nlatbnds
            if lonbnds is None:
                lonbnds = nlonbnds

        return (latbnds, lonbnds)


[docs]    def getLatitude(self):
        """Get the latitude coordinates."""
        return self._lataxis_


[docs]    def getLongitude(self):
        """Get the longitude coordinates."""
        return self._lonaxis_


[docs]    def getMask(self):
        """Get the mask array, if any, otherwise None is returned."""
        if self._maskVar_ is not None:
            return self._maskVar_
        else:
            return self._tempMask_


[docs]    def getMesh(self):
        """Get the mesh array used by the meshfill plot."""
        raise CDMSError(MethodNotImplemented)


[docs]    def getWeightsArray(self):
        """
        Get Weights Array

        Returns
        -------

        normalized area weights, as an array of the same
        shape as the grid.
        """
        raise CDMSError(MethodNotImplemented)


[docs]    def listall(self, all=None):
        """
        Not documented
        """
        result = []
        result.append('Grid has Python id %s.' % hex(id(self)))
        return result


[docs]    def setMask(self, mask, permanent=0):
        """
        Not documented
        """
        self._maskVar_ = mask


[docs]    def subGridRegion(self, latRegion, lonRegion):
        """
        Not documented
        """
        raise CDMSError(MethodNotImplemented)


[docs]    def hasCoordType(self, coordType):
        """
        Not documented
        """
        return ((coordType == LatitudeType) or (coordType == LongitudeType))


[docs]    def checkConvex(self):
        """Check that each cell of the grid is convex in lon-lat space, with nodes defined counter-clockwise.

        Returns
        -------
        a 1D numpy array of cells that fail the cross-product test.
        """

        from numpy import zeros, where, less, logical_or, compress

        latb, lonb = self.getBounds()

        saveshape = lonb.shape
        lonb = _flatten(lonb)
        latb = _flatten(latb)

        ncell, nnode = lonb.shape
        badmask = zeros((ncell,))
        for n0 in range(nnode):
            n1 = (n0 + 1) % nnode
            n2 = (n1 + 1) % nnode
            vec0lon = lonb[:, n1] - lonb[:, n0]
            vec0lat = latb[:, n1] - latb[:, n0]
            vec1lon = lonb[:, n2] - lonb[:, n1]
            vec1lat = latb[:, n2] - latb[:, n1]
            cross = vec0lon * vec1lat - vec0lat * vec1lon

            mask = where(less(cross, 0.0), 1, 0)
            badmask = logical_or(mask, badmask)

        badcells = compress(badmask, list(range(len(badmask))))

        lonb.shape = saveshape
        latb.shape = saveshape

        return badcells


[docs]    def fixCutCells(self, nonConvexCells, threshold=270.0):
        """

        For any mapping from a spherical to a planar surface, there is a linear cut.
        Grid cells that span the cut may appear to be nonconvex, which causes problems
        with meshfill graphics. This routine attempts to 'repair' the cut cell boundaries
        so that meshfill recognizes they are convex.

        Parameters
        ----------
        nonConvexCells : 1D numpy array of indices of nonconvex cells, as returned from checkConvex.

        threshold : positive floating-point value in degrees.


        If the difference in longitude values of consecutive boundaries nodes
        exceeds the threshold, the cell is considered a cut cell. On return,
        the grid boundaries are modified.

        Returns
        -------
        value is a 1D array of indices of cells that cannot be repaired.
        """

        from numpy import take, array

        latb, lonb = self.getBounds()

        saveshape = lonb.shape
        lonb = _flatten(lonb)
        latb = _flatten(latb)

        ncell, nnode = lonb.shape

        lonb2 = take(lonb, nonConvexCells, axis=0)
        latb2 = take(latb, nonConvexCells, axis=0)

        newbadcells = []
        for k in range(len(nonConvexCells)):
            savelons = lonb2[k]

            # Loop twice
            for node in range(2 * nnode):
                n0 = node % nnode
                n1 = (n0 + 1) % nnode
                vec0lon = lonb2[k, n1] - lonb2[k, n0]
                if vec0lon > threshold:
                    lonb2[k, n1] -= 360.0
                elif vec0lon < -threshold:
                    lonb2[k, n1] += 360.0

            # If the cross-product test still fails, restore
            # the original values and add to the nonConvexCells list
            for n0 in range(nnode):
                n1 = (n0 + 1) % nnode
                n2 = (n1 + 1) % nnode
                vec0lon = lonb2[k, n1] - lonb2[k, n0]
                vec0lat = latb2[k, n1] - latb2[k, n0]
                vec1lon = lonb2[k, n2] - lonb2[k, n1]
                vec1lat = latb2[k, n2] - latb2[k, n1]
                cross = vec0lon * vec1lat - vec0lat * vec1lon

                if cross < 0:
                    lonb2[k] = savelons
                    newbadcells.append(nonConvexCells[k])
                    break

        # Scatter the repaired cell bounds back to the original bounds
        # and reset the grid bounds.
        for k in range(len(nonConvexCells)):
            lonb[nonConvexCells[k]] = lonb2[k]
        lonb.shape = saveshape
        self.getLongitude().setBounds(lonb)

        return array(newbadcells)



class AbstractCurveGrid(AbstractHorizontalGrid):
    """Create a curvilinear grid.
    """

[docs]    def __init__(self, latAxis, lonAxis, id=None,
                 maskvar=None, tempmask=None, node=None):
        """Create a curvilinear grid.
        """
        if latAxis.shape != lonAxis.shape:
            raise CDMSError(
                'Latitude and longitude axes must have the same shape.')
        AbstractHorizontalGrid.__init__(
            self, latAxis, lonAxis, id, maskvar, tempmask, node)
        self._index_ = None


[docs]    def clone(self, copyData=1):
        """
        Not documented
        """
        newlat = self._lataxis_.clone(copyData)
        newlon = self._lonaxis_.clone(copyData)
        return TransientCurveGrid(newlat, newlon, id=self.id)


    def __repr__(self):
        return "<CurveGrid, id: %s, shape: %s>" % (self.id, repr(self.shape))
    __str__ = __repr__

[docs]    def getMesh(self, transpose=None):
        """Generate a mesh array for the meshfill graphics method.
        If transpose is defined to a tuple, say (1,0), first transpose
        latbounds and lonbounds according to the tuple, (1,0,2) in this case.
        """
        if self._mesh_ is None:
            LAT = 0
            LON = 1
            latbounds, lonbounds = self.getBounds()
# following work aronud a numpy.ma bug
# latbounds=latbounds.filled()
# lonbounds=lonbounds.filled()
            if latbounds is None or lonbounds is None:
                raise CDMSError(
                    'No boundary data is available for grid %s' %
                    self.id)
            if (transpose is not None) and (transpose[1] == 0):
                latbounds = numpy.transpose(latbounds, (1, 0, 2))
                lonbounds = numpy.transpose(lonbounds, (1, 0, 2))
            mesh = numpy.zeros(
                (self.size(), 2, latbounds.shape[-1]), latbounds.dtype.char)
            mesh[:, LAT, :] = numpy.reshape(
                latbounds, (self.size(), latbounds.shape[-1]))
            mesh[:, LON, :] = numpy.reshape(
                lonbounds, (self.size(), latbounds.shape[-1]))
            self._mesh_ = mesh
        return self._mesh_


[docs]    def _getShape(self):
        """
        Not documented
        """
        return self._lataxis_.shape


    # Don't try to generate bounds for curvilinear grids
[docs]    def genBounds(self):
        """
        Not documented
        """
        return (None, None)


    # Get the n-th index axis. naxis is 0 or 1.
[docs]    def getAxis(self, naxis):
        """
        Not documented
        """
        return self._lataxis_.getAxis(naxis)


[docs]    def getMask(self):
        """Get the mask array, if any, otherwise None is returned."""
        if self._maskVar_ is None:
            return self._tempMask_
        else:
            return self._maskVar_[:]


[docs]    def size(self):
        """
        Not documented
        """
        return self._lataxis_.size()


[docs]    def writeScrip(self, cufile, gridTitle=None):
        """Write a grid to a SCRIP file.

        Parameter
        ---------

        cufile : is a Cdunif file, NOT a CDMS file.

        gridtitle : is a string identifying the grid.
        """

        lat = numpy.ma.filled(self._lataxis_[:])
        lon = numpy.ma.filled(self._lonaxis_[:])
        blat, blon = self.getBounds()
        mask = self.getMask()

        ni, nj = self.shape
        if mask is None:
            mask = numpy.ones((ni, nj), numpy.int32)
        else:
            tmp = 1 - mask
            mask[:] = tmp.astype(mask.dtype.char)
            mask = mask.astype(numpy.int32)
        ngrid = ni * nj
        centerLat = copy.copy(lat)
        centerLat.shape = (ngrid,)
        centerLon = copy.copy(lon)
        centerLon.shape = (ngrid,)
        mask.shape = (ngrid,)

        clat = numpy.ma.filled(copy.copy(blat))
        clat.shape = (ngrid, 4)
        clon = numpy.ma.filled(copy.copy(blon))
        clon.shape = (ngrid, 4)

        # Write the file
        if gridTitle is None:
            gridTitle = self.id
        cufile.title = gridTitle
        cufile.createDimension("grid_size", ngrid)
        cufile.createDimension("grid_corners", 4)
        cufile.createDimension("grid_rank", 2)
        griddims = cufile.createVariable("grid_dims", 'i', ("grid_rank",))
        gridcenterlat = cufile.createVariable(
            "grid_center_lat", 'd', ("grid_size",))
        gridcenterlat.units = "degrees"
        gridcenterlon = cufile.createVariable(
            "grid_center_lon", 'd', ("grid_size",))
        gridcenterlon.units = "degrees"
        gridimask = cufile.createVariable("grid_imask", 'i', ("grid_size",))
        gridimask.units = "unitless"
        gridcornerlat = cufile.createVariable(
            "grid_corner_lat", 'd', ("grid_size", "grid_corners"))
        gridcornerlat.units = "degrees"
        gridcornerlon = cufile.createVariable(
            "grid_corner_lon", 'd', ("grid_size", "grid_corners"))
        gridcornerlon.units = "degrees"

        griddims[:] = numpy.array([nj, ni], numpy.int32)
        gridcenterlat[:] = centerLat
        gridcenterlon[:] = centerLon
        gridimask[:] = mask
        gridcornerlat[:] = clat
        gridcornerlon[:] = clon


[docs]    def toGenericGrid(self, gridid=None):
        """
        Not documented
        """

        from .auxcoord import TransientAuxAxis1D
        from .coord import TransientVirtualAxis
        from .gengrid import TransientGenericGrid

        lat = numpy.ma.filled(self._lataxis_[:])
        latunits = self._lataxis_.units
        lon = numpy.ma.filled(self._lonaxis_[:])
        lonunits = self._lonaxis_.units
        blat, blon = self.getBounds()
        mask = self.getMask()

        ni, nj = self.shape
        ngrid = ni * nj
        centerLat = copy.copy(lat)
        centerLat.shape = (ngrid,)
        centerLon = copy.copy(lon)
        centerLon.shape = (ngrid,)
        if mask is not None:
            mask.shape = (ngrid,)

        cornerLat = numpy.ma.filled(copy.copy(blat))
        cornerLat.shape = (ngrid, 4)
        cornerLon = numpy.ma.filled(copy.copy(blon))
        cornerLon.shape = (ngrid, 4)

        iaxis = TransientVirtualAxis("cell", ngrid)

        lataxis = TransientAuxAxis1D(centerLat, axes=(iaxis,), bounds=cornerLat,
                                     attributes={'units': latunits}, id="latitude")
        lonaxis = TransientAuxAxis1D(centerLon, axes=(iaxis,), bounds=cornerLon,
                                     attributes={'units': lonunits}, id="longitude")
        grid = TransientGenericGrid(lataxis, lonaxis, id=gridid, tempmask=mask)

        return grid


[docs]    def toCurveGrid(self, gridid=None):
        """
        Not documented
        """
        if gridid is None:
            gridid = self.id
        result = self.clone()
        result.id = gridid
        return result


[docs]    def writeToFile(self, file):
        """
        Not documented
        """
        latvar = self._lataxis_.writeToFile(file)
        lonvar = self._lonaxis_.writeToFile(file)
        if self._maskVar_ is not None:
            maskid = "mask_" + self.id
            file.write(self._maskVar_, id=maskid)
            latvar.maskid = maskid
            lonvar.maskid = maskid
        return (latvar, lonvar)


[docs]    def writeg(self, file):
        """Write self as a Gridspec file representing a curvilinear grid.
        The file, normally a CdmsFile, should already be open for writing
        and will be closed."""
        import time

        # Set attributes
        if (hasattr(file, 'Conventions')):
            if (file.Conventions.find('Gridspec') < 0):
                file.Conventions = file.Conventions + ' Gridspec-0.0'
        else:
            file.Conventions = 'Gridspec-0.0'
        if (hasattr(file, 'gs_filetypes')):
            if (file.gs_filetypes.find('Curvilinear_Tile') < 0):
                file.gs_filetypes = file.gs_filetypes + ' Curvilinear_Tile'
        else:
            file.gs_filetypes = 'Curvilinear_Tile'
        t = time.time()
        id = int((t - int(t)) * 1.0e9)
        file.gs_id = id
        file.gs_originalfilename = os.path.basename(file.id)

        newhistory = '\n' + time.ctime() + ' CDAT/CDMS AbstractCurveGrid'
        # ... The \n gives a newline in the CDMS Python and in the Cdunif C code
        # which gets called to write to a file.  Someplace in the NetCDF libraries,
        # or possibly the ncdump utility, the newline is converted back to a "\n"
        # string, so you don't see a newline when you view the file. If we want
        # a real newline as the CF specification says, the libraries or ncdump
        # will have to be changed.
        # ... In the future we may want to add more history information.
        file.history = getattr(self, 'history', '') + \
            getattr(file, 'history', '') + newhistory

        # former tile variable and attributes
        if (hasattr(self, 'long_name') and self.long_name is not None):
            file.long_name = self.long_name
        else:
            file.long_name = 'gridspec_tile'
        # gs_geometryType is no longer required of Gridspec files, but as yet
        # there is no other proposal for describing the geometry (July 2010)
        if (hasattr(self, 'gs_geometryType') and
                self.gs_geometryType is not None):
            file.gs_geometryType = self.gs_geometryType
        else:
            file.gs_geometryType = 'spherical'
        # gs_discretizationType is no longer required of Gridspec files, but it's
        # harmless and may come in useful
        if (hasattr(self, 'gs_discretizationType') and
                self.gs_discretizationType is not None):
            file.gs_discretizationType = self.gs_discretizationType
        else:
            file.gs_discretizationType = 'logically_rectangular'

        file.gs_lonv = 'gs_x'
        file.gs_latv = 'gs_y'

        # Set up and write variables.  When written, cdms writes not only the arrays
        # but also their coordinates, e.g. gs_nip.

        x = self._lonaxis_
        if (not hasattr(x, 'units')):
            print("Warning, no units found for longitude")
            x.units = 'degree_east'
        if (not hasattr(x, 'standard_name')):
            print("Warning, no standard_name found for longitude axis")
            x.standard_name = 'longitude'
        if (x.standard_name == 'geographic_longitude'):
            # temporary for updating test files
            x.standard_name = 'longitude'
        x.id = file.gs_lonv
        # _lonaxis_ is a TransientAxis2D, hence a TransientVariable
        # But I don't know where the attribute _TransientVariable__domain comes
        # from

        y = self._lataxis_
        if (not hasattr(y, 'units')):
            print("Warning, no units found for latitude")
            y.units = 'degree_north'
        if (not hasattr(y, 'standard_name')):
            print("Warning, no standard_name found for latitude axis")
            y.standard_name = 'latitude'
        if (y.standard_name == 'geographic_latitude'):
            # temporary for updating test files
            y.standard_name = 'latitude'
        y.id = file.gs_latv

        if(not hasattr(x, '_TransientVariable__domain')):
            # There probably doesn't exist enough information to write a correct
            # grid, but this will help.
            x._TransientVariable__domain = [(x,), (y,)]
        x._TransientVariable__domain[0][0].id = 'gs_njp'
        x._TransientVariable__domain[1][0].id = 'gs_nip'
        if (not hasattr(y, '_TransientVariable__domain')):
            # There probably doesn't exist enough information to write a correct
            # grid, but this will help.
            y._TransientVariable__domain = [(x,), (y,)]
        y._TransientVariable__domain[0][0].id = 'gs_njp'
        y._TransientVariable__domain[1][0].id = 'gs_nip'

        file.write(x)
        file.write(y)
        file.close()


[docs]    def write_gridspec(self, filename):
        """Writes this grid to a Gridspec-compliant file, or does nothing if there is
        already a known file corresponding to this grid.  The filename should be a
        complete path."""
        # This method was never completed because the libCF functionality I had planned to
        # use never appeared (yet).
        # The functionality (other than checking gsfile) is now done by the writeg
        # method above.
        if (not hasattr(self, "gsfile")):
            self.gsfile = None
            self.gspath = None
        if (self.gsfile is not None):
            return (self.gsfile, self.gspath)
        else:
            raise RuntimeError(
                'The libCF/Gridspec API does not provide for writing CurveGrids<<<')


[docs]    def init_from_gridspec(self, filename):
        """Reads to grid from a Gridspec-compliant file.  The filename should be a
        complete path.  The contents of the file may overwrite data in the existing
        grid object."""
        # - This is really a kind of init function.  The __init__ function should
        # determine what kind of initialization is being done (from a file, from
        # another object, from arguments specifying the contents e.g. axes) and branch
        # to call a method such as this one.
        # - Another way to read a file is with the standard CDMS
        # pattern        file=cdms2.open(...);   g=file('grid') or g=file('')
        try:
            f = cdms2.open(filename)
        except IOError:
            print("Cannot open grid file for reading: ", filename)
            return
        self.init_from_gridspec_file(self, f)
        f.close()


[docs]    def init_from_gridspec_file(self, f):
        """Reads to grid from a Gridspec-compliant file, f.  This f should be a
        CdmsFile object, already open for reading.  The contents of the file may
        overwrite data in the existing grid object."""
        # As for the above init_from_gridspec method, this is really a kind of
        # init function and should be called from __init__ .
        ax, ay, gs_attr = f.gridspec_file_contents()
        # ... gridspec_file_contents is defined in dataset.py
        self.__init__(ay, ax)
        self.gsfile = gs_attr['filebase']
        self.gspath = gs_attr['filepath']
        self.long_name = gs_attr['long_name']
        # gs_geometryType is no longer required of Gridspec files, but as yet
        # there is no other proposal for describing the geometry (July 2010)
        self.gs_geometryType = gs_attr['gs_geometryType']
        # gs_discretizationType is no longer required of Gridspec files, but it's
        # harmless and may come in useful
        self.gs_discretizationType = gs_attr['gs_discretizationType']
        return self


[docs]    def subSlice(self, *specs, **keys):
        """Get a transient subgrid based on an argument list <specs> of slices."""

        newlat = self._lataxis_.subSlice(*specs, **keys)
        newlon = self._lonaxis_.subSlice(*specs, **keys)
        if self._maskVar_ is None:
            newmask = None
        else:
            newmask = self._maskVar_.subSlice(*specs, **keys)

        result = TransientCurveGrid(newlat, newlon, maskvar=newmask)
        return result


[docs]    def getGridSlices(self, domainlist, newaxislist, slicelist):
        """Determine which slices in slicelist correspond to the lat/lon elements
        of the grid.

        Parameters
        ----------

        domainlist : is a list of axes of a variable.

        newaxislist : is a list of result axes after the slicelist is applied to domainlist.

        slicelist : is a list of slices.

        All lists are of equal length.

        Returns
        -------

        value : is (newslicelist, gridaxislist) where

        newslicelist : is the elements of slicelist that correspond to the grid, in the
                       preferred order of the grid.

        gridaxislist : is the elements of newaxislist that correspond to the grid, in the
                       preferred order of the grid.
        """

        iaxis = self._lataxis_.getAxis(0)
        jaxis = self._lataxis_.getAxis(1)
        k = 0
        i = j = -1
        for d in domainlist:
            if d.shape == iaxis.shape:
                if numpy.allclose(d[:], iaxis[:]) is True:
                    inewaxis = newaxislist[k]
                    islice = slicelist[k]
                    i = k
            if d.shape == jaxis.shape:
                if numpy.allclose(d[:], jaxis[:]) is True:
                    jnewaxis = newaxislist[k]
                    jslice = slicelist[k]
                    j = k
            k += 1

        if i == -1 or j == -1:
            raise RuntimeError(
                'Grid lat/lon domains do not match variable domain')

        return ((islice, jslice), (inewaxis, jnewaxis))


[docs]    def getIndex(self):
        """Get the grid index"""
        if self._index_ is None:
            # Trying to stick in Stephane Raynaud's patch for autodetection
            nj, ni = self._lataxis_.shape
            dlon = numpy.max(self._lonaxis_[:]) - numpy.min(self._lonaxis_[:])
            dx = max(dlon / ni, dlon / nj)
            dlat = numpy.max(self._lataxis_[:]) - numpy.min(self._lataxis_[:])
            dy = max(dlat / ni, dlat / nj)
            latlin = numpy.ravel(numpy.ma.filled(self._lataxis_[:]))
            lonlin = numpy.ravel(numpy.ma.filled(self._lonaxis_[:]))
            _bindex.setDeltas(dx, dy)
            self._index_ = bindex.bindexHorizontalGrid(latlin, lonlin)

        return self._index_


[docs]    def intersect(self, spec):
        """Intersect with the region specification.

        Parameters
        ----------

        'spec' : is a region specification of the form defined in the grid module.

        Returns
        -------

        (mask, indexspecs) where

        'mask' : is the mask of the result grid AFTER self and region spec are interested.

        'indexspecs' : is a list of index specifications suitable for slicing a
                      variable with the given grid.
        """
        ni, nj = self.shape
        index = self.getIndex()
        latspec = spec[CoordTypeToLoc[LatitudeType]]
        lonspec = spec[CoordTypeToLoc[LongitudeType]]
        latlin = numpy.ravel(numpy.ma.filled(self._lataxis_[:]))
        lonlin = numpy.ravel(numpy.ma.filled(self._lonaxis_[:]))
        points = bindex.intersectHorizontalGrid(
            latspec, lonspec, latlin, lonlin, index)
        if len(points) == 0:
            raise CDMSError(
                'No data in the specified region, longitude=%s, latitude=%s' %
                (repr(lonspec), repr(latspec)))

        fullmask = numpy.ones(ni * nj)
        numpy.put(fullmask, points, 0)
        fullmask = numpy.reshape(fullmask, (ni, nj))

        iind = points // nj
        jind = points - iind * nj
        imin, imax, jmin, jmax = (
            min(iind), max(iind) + 1, min(jind), max(jind) + 1)
        submask = fullmask[imin:imax, jmin:jmax]

        yid = self.getAxis(0).id
        xid = self.getAxis(1).id
        indexspecs = {yid: slice(imin, imax), xid: slice(jmin, jmax)}

        return submask, indexspecs


    def getAxisList(self):
        """
        Not documented
        """
        return (self._lataxis_.getAxis(0), self._lataxis_.getAxis(1))

[docs]    def isClose(self, g):
        """
        Is Close

        Returns
        -------

        1 if g : is a grid of the same type and shape. A real element-by-element
            comparison would be too expensive here."""
        if g is None:
            return 0
        elif self.shape != g.shape:
            return 0
        elif not isinstance(g, AbstractCurveGrid):
            return 0
        else:
            return 1


[docs]    def checkAxes(self, axes):
        """
        Check Axes

        Returns
        -------

        1 iff every element of self.getAxisList() is in the list 'axes'."""
        for item in self.getAxisList():
            # if all [False, False, ....] result=0
            if not any([allclose(item[:], axis[:]) for axis in axes]):
                result = 0
                break
        else:
            result = 1

        return result


[docs]    def reconcile(self, axes):
        """
       Reconcile

        Returns
        -------

        a grid that is consistent with the axes, or None.

        For curvilinear grids this means that the grid-related axes are
        contained in the 'axes' list.
        """
        result = self
        selfaxes = self.getAxisList()
        missing = []
        for i in range(2):
            if selfaxes[i] not in axes:
                missing.append(i)
                result = None

        # Some of the grid axes are not in the 'axes' list
        if result is None:
            result = self.clone()
            used = []                   # axes already matched
            for i in missing:
                for item in axes:
                    if (item not in used) and len(selfaxes[i]) == len(
                            item) and allclose(selfaxes[i], item):
                        result._lataxis_.setAxis(i, item)
                        result._lonaxis_.setAxis(i, item)
                        used.append(item)
                        break
                else:
                    result = None
                    break

        return result


[docs]    def flatAxes(self):
        """
        Flat Axes

        Returns
        -------

        (flatlat, flatlon) where flatlat is a 1D NumPy array

        having the same length as the number of cells in the grid, similarly for flatlon.
        """
        if self._flataxes_ is None:
            from . import MV2 as MV
            alat = MV.filled(self.getLatitude())
            alon = MV.filled(self.getLongitude())
            alatflat = numpy.ravel(alat)
            alonflat = numpy.ravel(alon)
            self._flataxes_ = (alatflat, alonflat)
        return self._flataxes_

    shape = property(_getShape, None)

# PropertiedClasses.set_property (AbstractCurveGrid, 'shape',
#                                   AbstractCurveGrid._getShape, nowrite=1,
# nodelete=1)


class DatasetCurveGrid(AbstractCurveGrid):

    def __init__(self, latAxis, lonAxis, id, parent=None,
                 maskvar=None, tempmask=None, node=None):
        """Create a file curvilinear grid.
        """
        AbstractCurveGrid.__init__(
            self, latAxis, lonAxis, id, maskvar, tempmask, node)
        self.parent = parent

    def __repr__(self):
        return "<DatasetCurveGrid, id: %s, shape: %s>" % (
            self.id, repr(self.shape))


class FileCurveGrid(AbstractCurveGrid):
    """
        Not documented
    """

    def __init__(self, latAxis, lonAxis, id, parent=None,
                 maskvar=None, tempmask=None, node=None):
        """Create a file curvilinear grid.
        """
        AbstractCurveGrid.__init__(
            self, latAxis, lonAxis, id, maskvar, tempmask, node)
        self.parent = parent

    def __repr__(self):
        return "<FileCurveGrid, id: %s, shape: %s>" % (
            self.id, repr(self.shape))


class TransientCurveGrid(AbstractCurveGrid):
    """
    Not documented
    """

    grid_count = 0

[docs]    def __init__(self, latAxis, lonAxis, id=None, maskvar=None, tempmask=None):
        """Create a file curvilinear grid.
        """
        if id is None:
            TransientCurveGrid.grid_count += 1
            id = 'grid_' + str(TransientCurveGrid.grid_count)
        AbstractCurveGrid.__init__(
            self, latAxis, lonAxis, id, maskvar, tempmask)


    def __repr__(self):
        return "<TransientCurveGrid, id: %s, shape: %s>" % (
            self.id, repr(self.shape))

[docs]    def toCurveGrid(self, gridid=None):
        """
        Not documented
        """
        if gridid is None:
            result = self
        else:
            result = self.clone()
            result.id = gridid
        return result



[docs]def readScripCurveGrid(fileobj, dims, whichType, whichGrid):
    """Read a 'native' SCRIP grid file, returning a transient curvilinear grid.

    Parameters
    ----------

    fileobj : is an open CDMS dataset or file object.

    dims : is the grid shape.

    whichType : is the type of file, either "grid" or "mapping"

    f whichType  is "mapping", whichGrid is the choice of grid, either "source" or "destination"

    Returns
    -------

    """
    from .coord import TransientAxis2D

    if 'S' in list(fileobj.variables.keys()):
        if whichType == "grid":
            gridCornerLatName = 'grid_corner_lat'
            gridCornerLonName = 'grid_corner_lon'
            gridMaskName = 'grid_imask'
            gridCenterLatName = 'grid_center_lat'
            gridCenterLonName = 'grid_center_lon'
            titleName = 'title'
        elif whichGrid == "destination":
            gridCornerLatName = 'yv_b'
            gridCornerLonName = 'xv_b'
            gridMaskName = 'mask_b'
            gridCenterLatName = 'yc_b'
            gridCenterLonName = 'xc_b'
            titleName = 'dest_grid'
        else:
            gridCornerLatName = 'yv_a'
            gridCornerLonName = 'xv_a'
            gridMaskName = 'mask_a'
            gridCenterLatName = 'yc_a'
            gridCenterLonName = 'xc_a'
            titleName = 'source_grid'
    else:
        if whichType == "grid":
            gridCornerLatName = 'grid_corner_lat'
            gridCornerLonName = 'grid_corner_lon'
            gridMaskName = 'grid_imask'
            gridCenterLatName = 'grid_center_lat'
            gridCenterLonName = 'grid_center_lon'
            titleName = 'title'
        elif whichGrid == "destination":
            gridCornerLatName = 'dst_grid_corner_lat'
            gridCornerLonName = 'dst_grid_corner_lon'
            gridMaskName = 'dst_grid_imask'
            gridCenterLatName = 'dst_grid_center_lat'
            gridCenterLonName = 'dst_grid_center_lon'
            titleName = 'dest_grid'
        else:
            gridCornerLatName = 'src_grid_corner_lat'
            gridCornerLonName = 'src_grid_corner_lon'
            gridMaskName = 'src_grid_imask'
            gridCenterLatName = 'src_grid_center_lat'
            gridCenterLonName = 'src_grid_center_lon'
            titleName = 'source_grid'

    vardict = fileobj.variables
    cornerLat = fileobj(gridCornerLatName)
    cornerLon = fileobj(gridCornerLonName)
    ncorners = cornerLat.shape[-1]
    ni = dims[1]
    nj = dims[0]
    gridshape = (ni, nj)
    boundsshape = (ni, nj, ncorners)
    if hasattr(cornerLat, 'units') and cornerLat.units[0:6].lower() == 'radian':
        cornerLat = (cornerLat * (180.0 / numpy.pi)).reshape(boundsshape)
        cornerLon = (cornerLon * (180.0 / numpy.pi)).reshape(boundsshape)
    else:
        cornerLat = cornerLat.reshape(boundsshape)
        cornerLon = cornerLon.reshape(boundsshape)

    iaxis = TransientVirtualAxis("i", ni)
    jaxis = TransientVirtualAxis("j", nj)

    if gridMaskName in vardict:
        # SCRIP convention: 0 for invalid data
        # numpy.ma convention: 1 for invalid data
        mask = 1 - fileobj(gridMaskName)
        mask = mask.reshape(gridshape)
    else:
        mask = None

    if gridCenterLatName in vardict:
        centerLat = fileobj(gridCenterLatName).reshape(gridshape)
        gclat = fileobj[gridCenterLatName]
        if hasattr(gclat, "units") and gclat.units.lower() == 'radians':
            centerLat *= (180.0 / numpy.pi)
    else:
        centerLat = cornerLat[:, :, 0]

    if gridCenterLonName in vardict:
        centerLon = fileobj(gridCenterLonName).reshape(gridshape)
        gclon = fileobj[gridCenterLonName]
        if hasattr(gclon, "units") and gclon.units.lower() == 'radians':
            centerLon *= (180.0 / numpy.pi)
    else:
        centerLon = cornerLon[:, :, 0]

    if hasattr(fileobj, titleName):
        gridid = getattr(fileobj, titleName)
        gridid = gridid.strip().replace(' ', '_')
    else:
        gridid = "<None>"

    lataxis = TransientAxis2D(centerLat, axes=(iaxis, jaxis), bounds=cornerLat,
                              attributes={'units': 'degrees_north'}, id="latitude")
    lonaxis = TransientAxis2D(centerLon, axes=(iaxis, jaxis), bounds=cornerLon,
                              attributes={'units': 'degrees_east'}, id="longitude")
    grid = TransientCurveGrid(lataxis, lonaxis, id=gridid, tempmask=mask)

    return grid
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  Source code for cdms2.mvBaseWriter

#!/usr/bin/env python
# This code is provided with the hope that it will be useful.
# No guarantee is provided whatsoever. Use at your own risk.

# Alex Pletzer, Tech-X Corp. (2011)
"""
Abstract class for writing data into file

"""

from . import mvSphereMesh


[docs]class BaseWriter:
    """
    Constructor

    Parameters
    ----------

      var
          a cdms2 variable

      sphereRadius
          radius of the sphere upon which the grid will be projected

      maxElev
          max elevation/depth normalized to the sphere radius
    """

    def __init__(self, var, sphereRadius=1.0, maxElev=0.1):
        """
        Constructor

        Parameters
        ----------

             var a cdms2 variable

             sphereRadius radius of the sphere upon which the grid will
                            be projected

             maxElev max elevation/depth normalized to the sphere radius
        """
        self.var = var
        sphere_mesh = mvSphereMesh.SphereMesh(var, maxElev)

        self.shape = sphere_mesh.shape
        # there is currently a bug in vizSchema which causes
        # visit to crash if the leading index is 1, this is
        # a workaround the problem
        if self.shape[0] == 1:
            self.shape = list(sphere_mesh.shape[1:]) + [1, ]

        self.mesh = sphere_mesh.getXYZCoords(sphereRadius)

[docs]    def write(self, filename):
        """
        Write data to file. This method is overloaded.

        Parameters
        ----------

             filename file name
        """
        raise NotImplementedError(
            'write method not implemented in derived class')
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  Source code for cdms2.mvCdmsRegrid

# David Kindig and Alex Pletzer, Tech-X Corp. (2012)
# This code is provided with the hope that it will be useful.
# No guarantee is provided whatsoever. Use at your own risk.
"""
Cdms2 interface to multiple regridders


"""
from __future__ import print_function
import operator
import re
import numpy
import cdms2
import regrid2
from six import string_types
from functools import reduce


def _areCellsOk(cornerCoords, mask=None):
    """
    Check cell corner points (in 2D)

    Parameters
    ----------

        cornerCoords

           mask checks will not be performed where mask is 1 (True)

        _: None

    Returns
    -------

         None if OK, otherwise return a dict containing some diagnostics


 `` 3         2
    +-------+
    | \     |
    |  \    |
    |   \   |
    |    \  |
    |     \ |
    +-------+
   0         1

    Notes
    -----

        assumes cornerCoords are in lat, lon order``
    """

    if len(cornerCoords) != 2:
        return True  # no-op, no check

    def projectToSphere(the, lam):
        """

        Returns
        -------
              x, y, z coordinates in Cartesian space
       """
        ct = numpy.cos(the)
        return ct * numpy.cos(lam), ct * numpy.sin(lam), numpy.sin(the)

    # compute area elements in Cartesian space
    lat0 = numpy.array(cornerCoords[0][:-1, :-1], numpy.float64)
    lat1 = numpy.array(cornerCoords[0][:-1, 1:], numpy.float64)
    lat2 = numpy.array(cornerCoords[0][1:, 1:], numpy.float64)
    lat3 = numpy.array(cornerCoords[0][1:, :-1], numpy.float64)

    the0 = lat0 * numpy.pi / 180.
    the1 = lat1 * numpy.pi / 180.
    the2 = lat2 * numpy.pi / 180.
    the3 = lat3 * numpy.pi / 180.
    lam0 = numpy.array(cornerCoords[1][:-1, :-1],
                       numpy.float64) * numpy.pi / 180.
    lam1 = numpy.array(cornerCoords[1][:-1, 1:],
                       numpy.float64) * numpy.pi / 180.
    lam2 = numpy.array(cornerCoords[1][1:, 1:],
                       numpy.float64) * numpy.pi / 180.
    lam3 = numpy.array(cornerCoords[1][1:, :-1],
                       numpy.float64) * numpy.pi / 180.

    x0, y0, z0 = projectToSphere(the0, lam0)
    x1, y1, z1 = projectToSphere(the1, lam1)
    x2, y2, z2 = projectToSphere(the2, lam2)
    x3, y3, z3 = projectToSphere(the3, lam3)

    dx10 = x1 - x0
    dy10 = y1 - y0
    dz10 = z1 - z0
    dx30 = x3 - x0
    dy30 = y3 - y0
    dz30 = z3 - z0
    dx32 = x3 - x2
    dy32 = y3 - y2
    dz32 = z3 - z2
    dx12 = x1 - x2
    dy12 = y1 - y2
    dz12 = z1 - z2
    dx20 = x2 - x0
    dy20 = y2 - y0
    dz20 = z2 - z0

    areas013 = [(dy10 * dz30 - dy30 * dz10),
                (dz10 * dx30 - dz30 * dx10),
                (dx10 * dy30 - dx30 * dy10), ]
    areas231 = [(dy32 * dz12 - dy12 * dz32),
                (dz32 * dx12 - dz12 * dx32),
                (dx32 * dy12 - dx12 * dy32), ]
    areas012 = [(dy10 * dz20 - dy20 * dz10),
                (dz10 * dx20 - dz20 * dx10),
                (dx10 * dy20 - dx20 * dy10), ]
    areas230 = [(-dy32 * dz20 + dy20 * dz32),
                (-dz32 * dx20 + dz20 * dx32),
                (-dx32 * dy20 + dx20 * dy32), ]

    areas013Abs = numpy.sqrt(reduce(operator.add,
                                    [areas013[i]**2 for i in range(3)]))
    areas231Abs = numpy.sqrt(reduce(operator.add,
                                    [areas231[i]**2 for i in range(3)]))
    areas012Abs = numpy.sqrt(reduce(operator.add,
                                    [areas012[i]**2 for i in range(3)]))
    areas230Abs = numpy.sqrt(reduce(operator.add,
                                    [areas230[i]**2 for i in range(3)]))

    areas013DotAreas231 = reduce(operator.add,
                                 [areas013[i] * areas231[i] for i in range(3)])
    areas012DotAreas230 = reduce(operator.add,
                                 [areas012[i] * areas230[i] for i in range(3)])

    areasCriss = areas013Abs + areas231Abs
    areasCross = areas012Abs + areas230Abs

    minArea = 1.e-6 * numpy.pi * 2 * numpy.pi / \
        float(areasCross.shape[0] * areasCross.shape[1])

    # Check that the cell has some area and check the
    # topology

    bad = (areasCriss < minArea) | \
        (areasCross < minArea) | \
        (areas013DotAreas231 < 0.0) | \
        (areas012DotAreas230 < 0.0) | \
        (lat0 > 90.) | (lat0 < -90.) | (lat2 > 90.) | (lat2 < -90.)

    if mask is not None:
        # exclude masked points
        bad *= (mask == 0)

    # inds contains list of bad cell indices
    inds = numpy.where(bad)

    if len(inds[0]) > 0:
        # package the result
        badCellIndices = [(inds[0][i], inds[1][i])
                          for i in range(len(inds[0]))]
        bcis1 = [(inds[0][i], inds[1][i] + 1) for i in range(len(inds[0]))]
        bcis2 = [(inds[0][i] + 1, inds[1][i] + 1) for i in range(len(inds[0]))]
        bcis3 = [(inds[0][i] + 1, inds[1][i]) for i in range(len(inds[0]))]
        badCellCoords = [[(cornerCoords[0][badCellIndices[i]], cornerCoords[1][badCellIndices[i]]),
                          (cornerCoords[0][bcis1[i]],
                           cornerCoords[1][bcis1[i]]),
                          (cornerCoords[0][bcis2[i]],
                           cornerCoords[1][bcis2[i]]),
                          (cornerCoords[0][bcis3[i]], cornerCoords[1][bcis3[i]])]
                         for i in range(len(badCellIndices))]
        # problems...
        return {'numCells': len(areasCross.flat),
                'numBadCells': len(inds[0]),
                'badCellIndices': badCellIndices,
                'badCellCoords': badCellCoords,
                }
    else:
        # everything is fine
        return None


def _buildBounds(bounds):
    """
    Build corner coordinates from bounds array

    Parameters
    ----------

       bounds
          CdmsVar.getBounds()

       _:None

    Returns
    -------

       ndarrray of corners
    """

    bndShape = [s + 1 for s in bounds.shape[:-1]]
    bnd = numpy.ones(bndShape, dtype=bounds.dtype)
    if len(bndShape) == 1:
        bnd[:-1] = bounds[..., 0]
        bnd[-1] = bounds[-1, 1]
    elif len(bndShape) > 1:
        bnd[:-1, :-1] = bounds[:, :, 0]
        bnd[:-1, -1] = bounds[:, -1, 1]
        bnd[-1, -1] = bounds[-1, -1, 2]
        bnd[-1, :-1] = bounds[-1, :, 3]

    return bnd


[docs]def getBoundList(coordList, mask=None,
                 removeBadCells=False, badCellIndices=[]):
    """
    Return a list of bounds built from a list of coordinates

    Parameters
    ----------

       coordList
          coordinate list, should have getBounds()

       mask
          avoid checking areas where mask is one

       removeBadCells
          set to True if you want to the code to remove bad cells, ie zero cells, butterfly cells, ...

       maskCellIndices
          list of bad cell indices to mask out (output)

    Returns
    -------

       [latBounds, lonBounds]
    """
    cornerCoords = []
    for c in coordList:
        cornerC = _buildBounds(c.getBounds()[:])
        cornerCoords.append(cornerC)

    if removeBadCells:
        res = _areCellsOk(cornerCoords, mask=mask)
        if res:
            badCellIndices += res['badCellIndices']
            print("""
-----------
WARNING: bad cell were detected
-----------
total number of cells: %(numCells)d
number of bad cells:   %(numBadCells)d

indices of bad cells:
                      %(badCellIndices)s

bad cell coordinates:
                      %(badCellCoords)s
                """ % res)

    return cornerCoords



[docs]def _getCoordList(grid):
    """
    Return a CDMS coordinate list from a CDMS grid

    Returns
    -------

       lats, lons
    """

    lats = grid.getLatitude()
    lons = grid.getLongitude()

    if len(lats.shape) == 1 or len(lons.shape) == 1:

        # have axes, need to convert to curvilinear grid
        cgrid = grid.toCurveGrid()

        lats = cgrid.getLatitude()
        lons = cgrid.getLongitude()

    # we always want the coordinates in that order, these must
    # be cdms2 coordinates so we can inquire about bounds
    return lats, lons



def _getDstDataShape(srcVar, dstGrid):
    """
    Get the shape of the dst data

    Parameters
    ----------

       srcVar
          the variable from which all axes other than lat/lon will be taken from

       dstGrid
          target, horizontal grid

    Returns
    -------

       list
    """

    shp = srcVar.shape
    ndims = len(shp)
    order = srcVar.getOrder()
    numX = order.count('x')
    numY = order.count('y')
    hasXY = (numX == 1) and (numY == 1)

    # fill in the axis list backwards, we're assuming the
    # y and x axes are more likely to occur at the end
    dstDataShape = []
    found = False
    j = 2
    for i in range(ndims - 1, -1, -1):
        o = order[i]
        if not found and (o in 'xy') or (not hasXY and o == '-'):
            # add size from dst grid
            j -= 1
            dstDataShape = [dstGrid.shape[j], ] + dstDataShape
            if j == 0:
                found = True
        else:
            # add size from src variable
            dstDataShape = [srcVar.shape[i], ] + dstDataShape

    return dstDataShape


def _getAxisList(srcVar, dstGrid):
    """
    Get the list of axes from a variable and a grid

    Parameters
    ----------

       srcVar
          the variable from which all axes other than lat/lon will be taken from

       dstGrid
          target, horizontal grid

    Returns
    -------

       variable with non-horizontal axes from srcVar and horizontal axes from dstGrid
    """

    shp = srcVar.shape
    ndims = len(shp)
    order = srcVar.getOrder()
    numX = order.count('x')
    numY = order.count('y')
    hasXY = (numX == 1) and (numY == 1)

    # fill in the axis list backwards, we're assuming the
    # y and x axes are more likely to occur at the end
    axisList = []
    found = False
    j = 2
    for i in range(ndims - 1, -1, -1):
        o = order[i]
        if not found and (o in 'xy') or (not hasXY and o == '-'):
            # add axis from dst grid
            j -= 1
            axisList = [dstGrid.getAxis(j), ] + axisList
            if j == 0:
                found = True
        else:
            # add axis from src variable
            axisList = [srcVar.getAxis(i), ] + axisList

    return axisList


class CdmsRegrid:
    """
    Regridding switchboard, handles CDMS variables before handing off to
    regridder. If a multidimensional variable is passed in, the apply step
    loops over the axes above the Lat (Y) -- Lon (X) coordinates

  Establish which regridding method to use, handle CDMS variables before handing
  off to regridder. See specific tool for more information.

Parameters
----------
         srcGrid
             CDMS source grid

         dstGrid
             CDMS destination grid

         dtype
             numpy data type for src and dst data

         regridMethod
             linear (all tools - bi, tri),
             conserve (ESMF Only)
             patch (ESMF Only)

         regridTool
             LibCF, ESMF, ...

         srcGridMask
             array source mask, interpolation coefficients will not be computed for masked
             points/cells.

         srcGridAreas
             array destination cell areas, only needed for conservative regridding

         dstGridMask
             array destination mask, interpolation coefficients will not be computed for masked points/cells.

         dstGridAreas
             array destination cell areas, only needed for conservative regridding
         **args
             additional, tool dependent arguments
    """

    def __init__(self, srcGrid, dstGrid, dtype,
                 regridMethod='linear', regridTool='libCF',
                 srcGridMask=None, srcGridAreas=None,
                 dstGridMask=None, dstGridAreas=None,
                 **args):
        """

        """

        srcBounds = None
        dstBounds = None

        self.srcGrid = srcGrid
        self.dstGrid = dstGrid

        srcCoords = _getCoordList(srcGrid)
        dstCoords = _getCoordList(dstGrid)

        regridTool = str(regridTool)  # force string if unicode or byte
        regridMethod = str(regridMethod)

        # retrieve and build a bounds list for conservative from the grids
        # We can't use the coords lists because if they are converted to
        # curvilinear
        # Set the tool to esmf if conservative selected. This overrides the
        # regridTool selection
        self.regridMethod = str(regridMethod)
        if re.search('conserv', regridMethod.lower()):
            srcBadCellIndices = []
            srcBounds = getBoundList(srcCoords, srcGridMask,
                                     args.get('fixSrcBounds', False),
                                     badCellIndices=srcBadCellIndices)
            # mask out the bad src cells
            if len(srcBadCellIndices) > 0:
                if srcGridMask is None:
                    srcGridMask = numpy.zeros(srcCoords[0].shape, numpy.bool)
                for inds in srcBadCellIndices:
                    srcGridMask[inds] = 1  # True mean invalid
            dstBadCellIndices = []
            dstBounds = getBoundList(dstCoords, dstGridMask,
                                     args.get('fixDstBounds', False),
                                     badCellIndices=dstBadCellIndices)
            # mask out the bad dst cells
            if len(dstBadCellIndices) > 0:

                if dstGridMask is None:
                    dstGridMask = numpy.zeros(dstCoords[0].shape, numpy.bool)

                for inds in dstBadCellIndices:
                    dstGridMask[inds] = 1  # True means invalid

            for c, b in zip(srcBounds, srcCoords):
                if c.min() == b.min() or c.max() == b.max():
                    print("""
WARNING: Edge bounds are the same. The results of conservative regridding will not conserve.
coordMin = %7.2f, boundMin = %7.2f, coordMax = %7.2f, boundMax = %7.2f
              """ % (c.min(), b.min(), c.max(), b.max()))

            if srcBounds[0].min() < -90 or srcBounds[0].max() > 90 or \
               dstBounds[0].min() < -90 or dstBounds[0].max() > 90:
                print("WARNING: Bounds exceed +/-90 degree latitude: min/max lats = %g/%g" %
                      (srcBounds[0].min(), srcBounds[0].max()))

            if not re.search('esmp', regridTool.lower()):
                regridTool = 'esmf'

            if not re.search('esmf', regridTool.lower()):
                regridTool = 'esmf'

        # If LibCF handleCut is True, the bounds are needed to extend the grid
        # close the cut at the top
        if re.search('LibCF', regridTool, re.I) and 'handleCut' in args:
            if args['handleCut']:
                srcBounds = getBoundList(srcCoords)

        srcCoordsArrays = [numpy.array(sc) for sc in srcCoords]
        dstCoordsArrays = [numpy.array(dc) for dc in dstCoords]

        self.regridObj = regrid2.GenericRegrid(srcCoordsArrays, dstCoordsArrays,
                                               regridMethod=regridMethod,
                                               regridTool=regridTool,
                                               dtype=dtype,
                                               srcGridMask=srcGridMask,
                                               srcBounds=srcBounds,
                                               srcGridAreas=srcGridAreas,
                                               dstGridMask=dstGridMask,
                                               dstBounds=dstBounds,
                                               dstGridAreas=dstGridAreas,
                                               **args)
        self.regridObj.computeWeights(**args)

    def __call__(self, srcVar, **args):
        """
        Interpolate, looping over additional (non-latitude/longitude) axes
           if need be

        Parameters
        ----------

             srcVar
                 CDMS variable

             **args
                 Tool dependent arguments

        Returns
        -------

             CDMS interpolated variable
        """

        # initialize
        dstMask = None
        missingValue = getattr(srcVar, 'missing_value', None)

        # shape of dst var
        dstShape = _getDstDataShape(srcVar, self.dstGrid)

        # establish the destination data. Initialize to missing values or 0.
        dstData = numpy.ones(dstShape, dtype=srcVar.dtype)
        dstData *= missingValue
        # sometimes the masked values are not set to missing_values,
        # sorry for the extra copy
        srcData = numpy.array(
            srcVar.data * (1 - srcVar.mask), dtype=srcVar.dtype)
        srcData += srcVar.mask * missingValue

        # interpolate the data, MPI gather on processor 0
        self.regridObj.apply(srcData, dstData,
                             rootPe=0,
                             missingValue=missingValue,
                             **args)

        # regrid the mask if we have a mask
        if numpy.array(srcVar.mask).any() is True:
            dstMask = numpy.ones(dstData.shape)
            dstMask[:] *= missingValue
            self.regridObj.apply(srcVar.mask, dstMask,
                                 rootPe=0,
                                 missingValue=None,
                                 **args)
        elif numpy.any(dstData == missingValue):
            # if the missing value is present in the destination data, set
            # destination mask
            dstMask = (dstData > srcVar.max())

        # fill in diagnostic data
        if 'diag' in args:
            self.regridObj.fillInDiagnosticData(diag=args['diag'], rootPe=0)

        # construct the axis list for dstVar
        dstAxisList = _getAxisList(srcVar, self.dstGrid)

        # harvest all the string attributes from srcVar
        attrs = {}
        for a in srcVar.attributes:
            v = srcVar.attributes[a]
            if isinstance(v, string_types):
                attrs[a] = v

        # create the transient variable. Note: it is unclear whether
        # we should create the variable on the supplied dstGrid or
        # the local grid.
        dstVar = cdms2.createVariable(dstData,
                                      mask=dstMask,
                                      fill_value=missingValue,
                                      axes=dstAxisList,
                                      grid=self.dstGrid,
                                      attributes=attrs,
                                      id=srcVar.id + '_CdmsRegrid')
        return dstVar
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  Source code for cdms2.slabinterface

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by
# Further modified to be pure new numpy June 24th 2008

"Read part of the old cu slab interface implemented over CDMS"
from __future__ import print_function
import numpy
import sys
from .error import CDMSError
from .axis import std_axis_attributes
import cdms2 as cdms


class Slab:
    """
    Slab

    Parameters
    ----------

    Slab : is the cu api


    Notes
    -----
    This is an abstract class to inherit in AbstractVariable About axes:
    weight and bounds attributes always set but may be None if bounds
    are None, getdimattribute returns result of querying the axis. """

    std_slab_atts = ['filename',
                     'missing_value',
                     'comments',
                     'grid_name',
                     'grid_type',
                     'time_statistic',
                     'long_name',
                     'units']

    def __init__(self):
        pass

[docs]    def getattribute(self, name):
        "Get the attribute name."
        defaultdict = {'filename': 'N/A',
                       'comments': '',
                       'grid_name': 'N/A',
                       'grid_type': 'N/A',
                       'time_statistic': '',
                       'long_name': '',
                       'units': ''}
        result = None
        if name in list(defaultdict.keys()) and not hasattr(self, name):
            if name == 'filename':
                if (not hasattr(self, 'parent')) or self.parent is None:
                    result = ''
                else:
                    result = self.parent.id

            elif name == 'grid_name':
                grid = self.getGrid()
                if grid is None:
                    result = defaultdict[name]
                else:
                    result = grid.id
            elif name == 'grid_type':
                grid = self.getGrid()
                if grid is None:
                    result = defaultdict[name]
                elif isinstance(grid, cdms.grid.TransientRectGrid):
                    result = grid.getType()
                elif isinstance(grid, cdms.gengrid.AbstractGenericGrid):
                    result = 'GenericGrid'
                elif isinstance(grid, cdms.hgrid.AbstractCurveGrid):
                    result = 'CurvilinearGrid'
            else:
                result = defaultdict[name]
        else:
            try:
                result = getattr(self, name)
            except AttributeError:
                result = None

        return result


[docs]    def setattribute(self, name, value):
        "Set the attribute name to value."
        setattr(self, name, value)


[docs]    def createattribute(self, name, value):
        "Create an attribute and set its name to value."
        setattr(self, name, value)


[docs]    def deleteattribute(self, name):
        "Delete the named attribute."
        if hasattr(self, name):
            delattr(self, name)


[docs]    def listattributes(self):
        "Return a list of attribute names."
        return list(self.attributes.keys())


[docs]    def listdimattributes(self, dim):
        "List the legal axis field names."
        a = self.getAxis(dim)
        result = []
        for x in std_axis_attributes + list(a.attributes.keys()):
            if x not in result:
                result.append(x)
        return result


[docs]    def getdimattribute(self, dim, field):
        """Get the attribute named field from the dim'th dimension.
         For bounds returns the old cu one-dimensional version.
        """
        d = self.getAxis(dim)
        if field == "name":
            return d.id

        elif field == "values":
            return d[:]

        elif field == "length":
            return len(d)

        elif field == "units":
            # We can't make axes always have units because cdtime chokes
            return getattr(d, 'units', '')

        elif field == "weights":
            g = self.getGrid()
            if g is None:
                return numpy.ones(len(d))
            if d.isLatitude():
                return g.getWeights()[0]
            elif d.isLongitude():
                return g.getWeights()[1]
            else:  # should be impossible, actually
                return numpy.ones(len(d))

        elif field == "bounds":
            b = d.getBounds()
            n = b.shape[0]
            result = numpy.zeros(n + 1, b.dtype.char)
            result[0:-1] = b[:, 0]
            result[-1] = b[-1, 1]
            return result
        elif field in d.attributes:
            return d.attributes[field]
        else:
            raise CDMSError("No %s attribute on given axis." % field)


[docs]    def showdim(self):
        "Show the dimension attributes and values."
        result = []
        for nd in range(self.rank()):
            result.append('** Dimension ' + str(nd + 1) + ' **')
            result = result + self.getAxis(nd).listall(1)
        print("\n".join(result))


[docs]    def listdimnames(self):
        "Return a list of the names of the dimensions."
        result = []
        for nd in range(self.rank()):
            result.append(self.getdimattribute(nd, 'name'))
        return result


[docs]    def listall(self, all=None):
        "Get list of info about this slab."
        vname = self.id
        result = []
        result.append('*** Description of Slab %s ***' % vname)
        result.append('id: ' + vname)
        result.append('shape: ' + str(self.shape))
        for x in Slab.std_slab_atts:
            result.append(x + ": " + str(self.getattribute(x)))
        for x in list(self.attributes.keys()):
            if x in Slab.std_slab_atts:
                continue
            if x == 'name':
                continue
            result.append(x + ": " + str(self.attributes[x]))
        g = self.getGrid()
        if g is None:
            result.append('No grid present.')
        else:
            result = result + g.listall(all)
        for nd in range(self.rank()):
            result.append('** Dimension ' + str(nd + 1) + ' **')
            result = result + self.getAxis(nd).listall(all)
        result.append('*** End of description for %s ***' % vname)
        return result


[docs]    def info(self, flag=None, device=None):
        "Write info about slab; include dimension values and weights if flag"
        if device is None:
            device = sys.stdout
        device.write("\n".join(self.listall(all=flag)))
        device.write("\n")



[docs]def cdms_bounds2cu_bounds(b):
    "Bounds are  len(v) by 2 in cdms but len(v)+1 in cu"
    cub = numpy.ma.zeros(len(b) + 1, numpy.float32)
    # b1 = b.astype(numpy.float32)
    if len(b) > 1:
        if (b[0, 0] < b[0, 1]) == (b[0, 0] < b[-1, 0]):
            cub[0] = b[0, 0]
            cub[1:] = b[:, 1]
        else:
            cub[0] = b[0, 1]
            cub[1:] = b[:, 0]
    else:
        cub[:] = b[0]
    return numpy.array(cub)
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  Source code for cdms2.sliceut

from __future__ import print_function
"Utilities for manipulating slices"

# Intersect a slice with a half-open interval [i,j).
# slice.start and slice.stop must be integers (not None).
# Returns a slice, or None if the intersection is empty.


[docs]def sliceIntersect(aSlice, interval):
    p0, p1 = interval
    i = aSlice.start
    j = aSlice.stop
    k = aSlice.step
    if k is None:
        k = 1

    # If the slice has a negative step, generate the
    # equivalent slice with positive step
    irev = 0
    if k < 0:
        k = -k
        pk = int(((j - i + k) / k) * k + i)
        j = int(i + 1)
        i = int(pk)
        irev = 1

    # Calculate the intersection for an increasing slice
    px = int((int((p0 - i + k - 1) / k)) * k + i)
    a = max(px, i)
    b = min(j, p1)
    if a < b:
        if k == 1:
            newSlice = slice(a, b)
        else:
            newSlice = slice(a, b, k)
    else:
        newSlice = None

    # Reverse the slice if necessary
    if irev == 1 and newSlice is not None:
        px = int(-(int((-b + a + k) / k) * k - a))
        newSlice = slice(px, a - 1, -k)

    return newSlice


# Intersect a slice with a partition. The partition is a list of
# intervals, with shape (n,2). The result is a list of pairs
# [(interval,slice), (interval,slice) ...]  where the intervals are
# those intervals in the partition which have non-empty intersection,
# in the same order as in the partition. If the intersection is empty,
# the result is an empty list.


[docs]def slicePartition(aSlice, partition):
    result = []
    for interval in partition:
        intslice = sliceIntersect(aSlice, interval)
        if intslice is not None:
            result.append((interval, intslice))
    return result



[docs]def lenSlice(aSlice):
    "Return the number of values associated with a slice"

    step = aSlice.step
    if step is None:
        step = 1
    if step > 0:
        start = aSlice.start
        stop = aSlice.stop
    else:
        start = aSlice.stop
        stop = aSlice.start
        step = -step

    return (int((stop - start - 1) / step) + 1)



[docs]def reverseSlice(s, size):
    """For 'reversed' slices (slices with negative stride),
    return an equivalent slice with positive step. For positive
    strides, just return the slice unchanged.
    """
    if s.step > 0 or s.step is None:
        return s

    i = s.start
    j = s.stop
    k = s.step
    if i is None:
        i = size - 1
    elif i < 0:
        i = i % size
    if j is None:
        j = -1
    elif -size - 1 < j < 0:
        j = j % size

    if i < -size or j < -size - 1:
        raise RuntimeError("Invalid slice %s" % repr(s))

    k = -k
    pk = (int((j - i + k) / k)) * k + i
    j = i + 1
    i = pk % size

# if j==size:
#         j = None
    return slice(i, j, k)



[docs]def splitSlice(s, size):
    """For a 'wraparound' slice, return two equivalent slices
    within the range 0..size-1."""
    i, j, k = s.start, s.stop, s.step
    if k > 0:
        wrap1 = slice(i, size, k)
        wrap2 = slice((i - size) % k, j - size, k)
    else:
        wrap1 = slice(i - size, None, k)
        wrap2 = slice(size + (i - size) % k, j, k)
    return (wrap1, wrap2)



[docs]def splitSliceExt(s, size):
    """
    mf 20010330 --
    For a 'wraparound' slice, return N equivalent slices
    within the range 0...(N*size) N = anything"""
    i, j, k = s.start, s.stop, s.step

    # slice of form [i:] sets j to large int
    if j > 2000000000:
        j = size

    _debug = 0
    if(_debug):
        print("SSSS0: ", i, j, k)

    wrap = []

    if k > 0:

        iter = 0
        if(_debug):
            print("SSSS1: iter ", iter, j, size, k)
        while(j > 0):
            if(_debug):
                print(" ")
            if(_debug):
                print("SSSS2: iter", iter, j, size, k)
            jo = size
            if(iter > 0):
                jo = size + 1
            if(_debug):
                print("SSSS3: iter", iter, j, jo)
            if(j < size):
                jo = j
            if(_debug):
                print("SSSS4: iter", iter, j, jo)
            wrap.append(slice(i, jo, k))
            j = j - size
            i = 0
            iter = iter + 1

    else:

        wraprev = []
        iter = 0
        if(_debug):
            print("SSSS1 neg: iter ", iter, i, j, size, k)
        while(i >= 0):
            if(_debug):
                print(" ")
            if(_debug):
                print("SSSS2 neg: iter", iter, i, j, size, k)
            io = size - 1
            if(_debug):
                print("SSSS3 neg: iter", iter, i, j, io)
            if(i < size):
                io = i
            if(_debug):
                print("SSSS4 neg: iter", iter, i, j, io)

            # mf 20010405 python does not return nothing for
            # slice(size-1,size-1,-1); force it
            if(not (io == size - 1 and j == size - 1)):
                wraprev.append(slice(io, j, k))

            i = i - size
            j = None
            iter = iter + 1
        #
        # reverse
        #
        for k in range(0, len(wraprev)):
            kk = len(wraprev) - k - 1
            wrap.append(wraprev[kk])
            if(_debug):
                print("SSSS5 neg: ", kk, wraprev[kk])

    return (wrap)
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  Source code for cdms2.tvariable


# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by
# Further modified to be pure new numpy June 24th 2008

"""
TransientVariable (created by createVariable)
is a child of both AbstractVariable and the masked array class.
Contains also the write part of the old cu interface.
"""
import sys
import json
import re
import numpy
import zlib  # for pickling JSON

from numpy import sctype2char
from .error import CDMSError
from .avariable import AbstractVariable

from .axis import createAxis, AbstractAxis
from .grid import createRectGrid, AbstractRectGrid
from .hgrid import AbstractCurveGrid
from .gengrid import AbstractGenericGrid
from six import string_types, PY2
from .util import getenv_bool

mpi_disabled = getenv_bool("CDMS_NO_MPI", "False")

# dist array support
HAVE_MPI = False
try:
    if mpi_disabled:
        raise Exception()

    from mpi4py import MPI
    HAVE_MPI = True
except BaseException:
    pass


id_builtin = id  # built_in gets clobbered by keyword


[docs]def convertJSON(jsn):
    """ Extract Data axes and attributes from JSON string"""
    D = json.loads(jsn)

    # First recreates the axes
    axes = []
    for a in D["_axes"]:
        ax = createAxis(
            numpy.array(
                a["_values"],
                dtype=a["_dtype"]),
            id=a["id"])
        for k, v in a.items():
            if k not in ["_values", "id", "_dtype"]:
                setattr(ax, k, v)
        axes.append(ax)
    if PY2:
        D["_msk"] = numpy.array([numpy.ma.MaskType(int(x.encode("hex")))
                                 for x in D["_msk"]])
    else:
        D["_msk"] = numpy.array([numpy.ma.MaskType(x)
                                 for x in list(bytearray(D["_msk"]))])
    attrs = {}
    for k, v in D.items():
        if k not in ["id", "_values", "_axes",
                     "_grid", "_fill_value", "_dtype", "_msk", "_mask"]:
            attrs[str(k)] = str(v)

    return (D, axes, attrs)



[docs]def fromJSON(jsn):
    """ Recreate a TV from a dumped jsn object from dumps()"""
    try:
        jsn = zlib.decompress(jsn)
    except BaseException:
        pass

    (D, axes, attrs) = convertJSON(jsn)
    V = createVariable(D["_values"], id=D["id"], typecode=D["_dtype"],
                       mask=D["_msk"], axes=axes, fill_value=D["_fill_value"], attributes=attrs)
    return V



[docs]class TransientVariable(AbstractVariable, numpy.ma.MaskedArray):
    """Variable in-memory.

    To enabled automatic bounds generation see ``setAutoBounds``.

    Parameters
    ----------
    data : numpy.ndarray
        NDArray containing variable data.
    typecode : (float, int, np.dtype)
        Sets the dtype of the underlying masked array.
    copy : int
        0: Stores reference of data.
        1: Stores copy of data.
    savespace : int
        Deprecated.
    mask : numpy.ndarray
        Mask passed to the underlying masked array.
    fill_value : float
        Sets the value to use when data is missing.
    grid
        Sets the grid of the variable.
    axes : list of (cdms2.TransientAxis, cdms2.FileAxis)
        Sets the list of axes associated with the variable.
    attributes : dict
        Mapping of attribute names and values.
    id : str
        Identifier for the variable.
    copyaxes : int
        0: Stores reference to axes.
        1: Stores copies of axes.
    dtype : (float, int, np.dtype)
        Sets the dtype of the underlying masked array.
    order : str
        Sets the order for the underlying masked array (`Masked Array`_).
    no_update_from : bool
        If ``False`` and ``axes`` is None, then axes will be generated from ``data``.
        If ``False`` and ``grid`` is None, then an attempt to get a grid from the ``data`` will be made.
        Set to ``True`` will prevent the above behavior.
    **kargs
        Unused.

    .. _Masked Array:
        https://numpy.org/doc/stable/reference/generated/numpy.ma.array.html
    """

    variable_count = 0
    _missing = numpy.ma.MaskedArray.fill_value

    def _getShape(self):
        return self._data.shape

    shape = property(_getShape, None)

[docs]    def iscontiguous(self):
        return self.flags['CONTIGUOUS']


[docs]    def ascontiguousarray(self):
        d = numpy.ma.getdata(self)
        out = numpy.ascontiguousarray(d)
        m = numpy.ma.getmask(self)
        if m is not numpy.ma.nomask:
            m = numpy.ascontiguousarray(m)
        out = TransientVariable(out, mask=m, attributes=self.attributes)
        out.setAxisList(self.getAxisList())
        out.setMissing(self.getMissing())
        return out


    ascontiguous = ascontiguousarray

[docs]    def asma(self):
        "Convert a Transient Variable into a numpy masked array."
        return numpy.ma.array(self._data, mask=self._mask)


    def _update_from(self, obj):
        numpy.ma.MaskedArray._update_from(self, obj)
        if not hasattr(self, '___cdms_internals__'):
            self.__dict__['___cdms_internals__'] = ['__cdms_internals__',
                                                    '___cdms_internals__', '_node_', 'parent', 'attributes', 'shape']
        if not hasattr(self, 'attributes'):
            self.attributes = {}
        self._grid_ = getattr(obj, '_grid_', None)
        try:
            for nm, val in list(obj.__dict__.items()):
                if nm[0] == '_':
                    # print nm
                    pass
# self.__dict__[nm]=val
                else:
                    setattr(self, nm, val)
        except Exception:
            pass
        id = getattr(self, 'id', None)
        if id is None:
            TransientVariable.variable_count += 1
            id = 'variable_' + str(TransientVariable.variable_count)
            self.id = id
        self.name = getattr(obj, 'name', id)
        if not hasattr(self, '__domain'):
            self.initDomain(axes=None)

    def __array_finalize__(self, obj):
        numpy.ma.MaskedArray.__array_finalize__(self, obj)
        return

    squeeze = AbstractVariable.squeeze

    __copy__ = AbstractVariable.__copy__
    __mul__ = AbstractVariable.__mul__
    __rmul__ = AbstractVariable.__rmul__
    __imul__ = AbstractVariable.__imul__
    __abs__ = AbstractVariable.__abs__
    __neg__ = AbstractVariable.__neg__
    __add__ = AbstractVariable.__add__
    __iadd__ = AbstractVariable.__iadd__
    __radd__ = AbstractVariable.__radd__
    __lshift__ = AbstractVariable.__lshift__
    __rshift__ = AbstractVariable.__rshift__
    __sub__ = AbstractVariable.__sub__
    __rsub__ = AbstractVariable.__rsub__
    __isub__ = AbstractVariable.__isub__
    __div__ = AbstractVariable.__div__
    __truediv__ = AbstractVariable.__truediv__
    __floordiv__ = AbstractVariable.__floordiv__
    __rdiv__ = AbstractVariable.__rdiv__
    __idiv__ = AbstractVariable.__idiv__
    __pow__ = AbstractVariable.__pow__
    __eq__ = AbstractVariable.__eq__
    __ne__ = AbstractVariable.__ne__
    __lt__ = AbstractVariable.__lt__
    __le__ = AbstractVariable.__le__
    __gt__ = AbstractVariable.__gt__
    __ge__ = AbstractVariable.__ge__
    __sqrt__ = AbstractVariable.__sqrt__

[docs]    def __init__(self, data, typecode=None, copy=1, savespace=0,
                 mask=numpy.ma.nomask, fill_value=None, grid=None,
                 axes=None, attributes=None, id=None, copyaxes=1, dtype=None,
                 order='C', no_update_from=False, **kargs):
        """
        Parameters
        ----------

            createVariable
                (self, data, typecode=None, copy=0, savespace=0, mask=None,
                fill_value=None, grid=None, axes=None, attributes=None, id=None,
                dtype=None, order='C') The savespace argument is ignored,
                for backward compatibility only.
        """
        try:
            if data.fill_value is not None:
                self._setmissing(data.fill_value)
                fill_value = data.fill_value
        except BaseException:
            pass

        if fill_value is not None:
            self._setmissing(fill_value)
        else:
            fill_value = numpy.ma.MaskedArray(1).astype(dtype).item()
            fill_value = numpy.ma.default_fill_value(fill_value)

        if attributes is not None and "_FillValue" in list(attributes.keys()):
            self._setmissing(attributes["_FillValue"])

        # tile index, None means no mosaic
        self.tileIndex = None
        # Compatibility: assuming old typecode, map to new
        if dtype is None and typecode is not None:
            #            dtype = typeconv.convtypecode2(typecode)
            dtype = typecode
        typecode = sctype2char(dtype)
        if isinstance(data, tuple):
            data = list(data)

        AbstractVariable.__init__(self)

        if isinstance(data, AbstractVariable):
            if not isinstance(data, TransientVariable):
                data = data.subSlice()
#               if attributes is None: attributes = data.attributes
            if axes is None and not no_update_from:
                axes = [x[0] for x in data.getDomain()]
            if grid is None and not no_update_from:
                grid = data.getGrid()
                if (grid is not None) and (not isinstance(grid, AbstractRectGrid)) \
                        and (not grid.checkAxes(axes)):
                    # Make sure grid and axes are consistent
                    grid = grid.reconcile(axes)

        # Initialize the geometry
        if grid is not None:
            # Otherwise grid axes won't match domain.
            copyaxes = 0
        if axes is not None:
            # Note: clobbers the grid, so set the grid after.
            self.initDomain(axes, copyaxes=copyaxes)
        if grid is not None:
            self.setGrid(grid)

        # Initialize the attributes
        if attributes is not None:
            for key, value in attributes.items():
                if (key in ['shape', 'flat', 'imaginary', 'real'] or
                        key[0] == '_') and key not in ['_FillValue']:
                    raise CDMSError('Bad key in attributes: ' + key)
                elif (key == 'missing_value' or key == '_FillValue'):
                    # ignore if fill value given explicitly
                    if fill_value is None:
                        self._setmissing(value)
                elif key not in ['scale_factor', 'add_offset', 'ndim']:
                    setattr(self, key, value)

        # Sync up missing_value attribute and the fill value.
        self.missing_value = self._getmissing()
#        self._FillValue = self._getmissing()
        if id is not None:
            # convert unicode to string
            if sys.version_info < (3, 0, 0):
                if isinstance(id, unicode):  # noqa
                    id = str(id)
            if not isinstance(id, string_types):
                raise CDMSError('id must be a string')
            self.id = id
        elif hasattr(data, 'id'):
            self.id = data.id

        if self.id is None:
            TransientVariable.variable_count = TransientVariable.variable_count + 1
            self.id = 'variable_' + str(TransientVariable.variable_count)
        self.name = getattr(self, 'name', self.id)

        # MPI data members
        self.__mpiComm = None
        if HAVE_MPI:
            self.__mpiComm = MPI.COMM_WORLD
        self.__mpiWindows = {}
        self.__mpiType = self.__getMPIType()


    def _getmissing(self):
        return self._missing

    def _setmissing(self, value):
        self._missing = numpy.array(value).astype(self.dtype)

    missing = property(_getmissing, _setmissing)
    fill_value = property(_getmissing, _setmissing)
    _FillValue = property(_getmissing, _setmissing)
    missing_value = property(_getmissing, _setmissing)

    # Pickling
[docs]    def __getstate__(self):
        """Return the internal state of the tvariable, for pickling
        purposes.

        """
        myjson = self.dumps().encode("utf-8")
        state = zlib.compress(myjson)
        return(state)

        # return(self.dumps().encode("utf-8"))

[docs]    def __setstate__(self, state):
        """Restore the internal state of the tvariable, for
        pickling purposes.  ``state`` is typically the output of the
        ``__getstate__`` output, and is a 5-tuple:

        - json file from dumps()

        """
        state2 = zlib.decompress(state)
        (D, axes, attrs) = convertJSON(state2)
        newvar = createVariable(D["_values"], id=D["id"], typecode=D["_dtype"],
                                mask=D["_msk"], axes=axes, fill_value=D["_fill_value"], attributes=attrs)

        #
        # Pickle has already create an empty variable by calling __new__()
        # Reset the pickled Transient variable with the new data from nevar
        #
        (_, shp, typ, isf, raw) = newvar.data.__reduce__()[2]
        state = (_, shp, typ, isf, raw,
                 D["_msk"].tobytes('C'), D["_fill_value"])
        super(TransientVariable, self).__setstate__(state)

        self.__dict__.update(newvar.__dict__)
        self.__dict__.update(newvar.__dict__)
        self.setAxisList(newvar.getAxisList())
        self.setGrid(newvar.getGrid())
        axes = [x[0] for x in newvar.getDomain()]
        if axes is not None:
            self.initDomain(axes)


    def __new__(cls, data, typecode=None, copy=0, savespace=0,
                mask=numpy.ma.nomask, fill_value=None, grid=None,
                axes=None, attributes=None, id=None, copyaxes=1, dtype=None, order='C', **kargs):
        """

        Parameters
        ----------

            createVariable
               (self, data, typecode=None, copy=0, savespace=0, mask=None, fill_value=None,
               grid=None, axes=None, attributes=None, id=None, dtype=None, order='C') The savespace
               argument is ignored, for backward compatibility only.
        """
        # Compatibility: assuming old typecode, map to new
        if dtype is None and typecode is not None:
            #            dtype = typeconv.convtypecode2(typecode)
            dtype = typecode
        typecode = sctype2char(dtype)
        if isinstance(data, tuple):
            data = list(data)
        if isinstance(data, AbstractVariable):
            if not isinstance(data, TransientVariable):
                data = data.subSlice()
        if isinstance(data, numpy.ma.MaskedArray):
            try:
                if fill_value is None:
                    fill_value = data.fill_value
            except BaseException:
                pass

        ncopy = (copy != 0)
        if mask is None:
            try:
                mask = data.mask
            except Exception:
                mask = [numpy.ma.nomask]

        # Handle the case where ar[i:j] returns a single masked value
        if data is numpy.ma.masked:
            data = numpy.ma.masked.data
            mask = numpy.ma.masked.mask

        if dtype is None and data is not None:
            dtype = numpy.array(data).dtype

        if any(x == 'N/A' for x in str(fill_value)):
            fill_value = None

        self = numpy.ma.MaskedArray.__new__(cls, data, dtype=dtype,
                                            copy=ncopy,
                                            mask=mask,
                                            subok=False,
                                            order=order)

        return self

    # typecode = numpy.ma.array.typecode
[docs]    def typecode(self):
        return self.dtype.char


[docs]    def assignValue(self, data):
        self[...] = data


[docs]    def getValue(self, squeeze=1):
        return self.filled()


[docs]    def expertSlice(self, slicelist):
        if slicelist == []:
            slicelist = ()
        return numpy.ma.MaskedArray.__getitem__(self, tuple(slicelist))


[docs]    def initDomain(self, axes, copyaxes=1):
        # lazy evaluation via getAxis to avoid creating axes that aren't ever
        # used.
        newgrid = None
        self.__domain = [None] * self.rank()
        if axes is not None:
            flataxes = []
            try:
                iter(axes)
            except TypeError:
                axes = (axes,)
            for item in axes:
                if isinstance(item, AbstractAxis) or item is None:
                    flataxes.append(item)
                elif isinstance(item, AbstractRectGrid) or isinstance(item, AbstractCurveGrid):
                    flataxes.append(item.getAxis(0))
                    flataxes.append(item.getAxis(1))
                    copyaxes = 0
                    newgrid = item
                elif isinstance(item, AbstractGenericGrid):
                    flataxes.append(item.getAxis(0))
                    copyaxes = 0
                    newgrid = item
                else:
                    raise CDMSError(
                        "Invalid item in axis list:\n" + repr(item))
            if len(flataxes) != self.rank():
                raise CDMSError("Wrong number of axes to initialize domain.")
            for i in range(len(flataxes)):
                if flataxes[i] is not None:
                    if (not flataxes[i].isVirtual()) and copyaxes == 1:
                        self.copyAxis(i, flataxes[i])
                    else:
                        # No sense copying a virtual axis.
                        self.setAxis(i, flataxes[i])
            if newgrid is not None:     # Do this after setting the axes, so the grid is consistent
                self.setGrid(newgrid)


[docs]    def getDomain(self):
        for i in range(self.rank()):
            if self.__domain[i] is None:
                self.getAxis(i)  # will force a fill in
        return self.__domain


[docs]    def getAxis(self, n):
        if n < 0:
            n = n + self.rank()
        if self.__domain[n] is None:
            length = numpy.ma.size(self, n)
            # axis = createAxis(numpy.ma.arange(numpy.ma.size(self, n), typecode=numpy.Float))
            axis = createAxis(
                numpy.ma.arange(
                    numpy.ma.size(
                        self,
                        n),
                    dtype=numpy.float_))
            axis.id = "axis_" + str(n)
            self.__domain[n] = (axis, 0, length, length)
        return self.__domain[n][0]


[docs]    def setAxis(self, n, axis, savegrid=0):
        """Set n axis of self to a copy of axis. (0-based index)
        """
        if n < 0:
            n = n + self.rank()
        axislen = self.shape[n]
        if len(axis) != axislen:
            raise CDMSError(
                "axis length %d does not match corresponding dimension %d" %
                (len(axis), axislen))
        if not isinstance(axis, AbstractAxis):
            raise CDMSError("copydimension, other not a slab.")
        self.__domain[n] = (axis, 0, len(axis), len(axis))


[docs]    def setAxisList(self, axislist):
        """Set the axes to axislist."""
        for i in range(len(axislist)):
            self.setAxis(i, axislist[i])


[docs]    def copyAxis(self, n, axis):
        """Set n axis of self to a copy of axis. (0-based index)
           Invalidates grid.
        """
        if n < 0:
            n = n + self.rank()
        if not isinstance(axis, AbstractAxis):
            raise CDMSError("copydimension, other not an axis.")
        isGeneric = [False]
        b = axis.getBounds(isGeneric)
        mycopy = createAxis(axis[:], b, genericBounds=isGeneric[0])
        mycopy.id = axis.id
        for k, v in list(axis.attributes.items()):
            setattr(mycopy, k, v)
        self.setAxis(n, mycopy)


[docs]    def copyDomain(self, other):
        "Set the axes and grid by copying variable other."
        if not isinstance(other, AbstractVariable):
            raise CDMSError("copyDomain, other not a variable.")
        if self.rank() != other.rank():
            raise CDMSError("copyDomain, ranks do not match.")
        for i in range(self.rank()):
            self.copyAxis(i, other.getAxis(i))
        self.setGrid(other.getGrid())


[docs]    def getGrid(self):
        if self._grid_ is None:
            order = ''
            for i in range(self.rank()):
                ax = self.getAxis(i)
                if ax.isLatitude():
                    order = order + 'y'
                    lat = ax
                elif ax.isLongitude():
                    order = order + 'x'
                    lon = ax
                if len(order) == 2:
                    break

            if order in ['yx', 'xy']:
                self._grid_ = createRectGrid(lat, lon, order)
        return self._grid_


[docs]    def astype(self, tc):
        "return self as array of given type."
        maresult = numpy.ma.MaskedArray.astype(self, tc)
        return TransientVariable(maresult, copy=0, axes=self.getAxisList(), fill_value=self.fill_value,
                                 attributes=self.attributes, id=self.id, grid=self.getGrid())


[docs]    def setMaskFromGridMask(self, mask, gridindices):
        """Set the mask for self, given a grid mask and the variable domain
        indices corresponding to the grid dimensions.
        """

        # Get the variable indices that are NOT in gridindices
        tprep = []
        shapeprep = []
        for i in range(self.rank()):
            if i not in gridindices:
                tprep.append(i)
                shapeprep.append(self.shape[i])

        # Broadcast mask
        if tprep != []:
            newshape = tuple(shapeprep + list(mask.shape))
            bigmask = numpy.resize(mask, newshape)

            # Generate the tranpose vector
            t = tuple(tprep + list(gridindices))
            tinv = [0] * len(t)
            for i in range(len(t)):
                tinv[t[i]] = i

            # And reshape to fit the variable
            if tinv != list(range(len(tinv))):
                bigmask = numpy.transpose(bigmask, tuple(tinv))

        else:
            bigmask = mask

        # Apply the mask to self
        currentmask = self.mask
        if currentmask is not numpy.ma.nomask:
            bigmask = numpy.logical_or(currentmask, bigmask)

        result = TransientVariable(self, mask=bigmask)
        return result


# Old cu interface
[docs]    def copydimension(self, idim, other, jdim):
        """Set idim dimension of self to variable other's jdim'th
           This is for old cu compatibility. Use copyAxis for new code.
        """
        if not isinstance(other, AbstractVariable):
            raise CDMSError("copydimension, other not a variable.")
        a = other.getAxis(jdim)
        self.copyAxis(idim, a)


[docs]    def setdimattribute(self, dim, field, value):
        "Set the attribute named field from the dim'th dimension."
        if dim < 0 or dim >= self.rank():
            raise CDMSError("setdimattribute, dim out of bounds.")
        d = self.getAxis(dim)
        if field == "name":
            if sys.version_info < (3, 0, 0):
                if isinstance(value, unicode):  # noqa
                    value = str(value)
            if not isinstance(value, string_types):
                raise CDMSError("setdimattribute: name not a string")
            d.id = value

        elif field == "values":
            # note -- invalidates grid, may break old code.
            a = createAxis(numpy.ma.filled(value[:]))
            if hasattr(d, 'units'):
                a.units = d.units
            a.id = d.id
            self.setAxis(dim, a)

        elif field == "units":
            if sys.version_info < (3, 0, 0):
                if isinstance(value, unicode):  # noqa
                    value = str(value)
            if not isinstance(value, string_types):
                raise CDMSError("setdimattribute: units not a string")
            d.units = value

        elif field == "weights":
            # Well, you can't really do this without modifying the grid
            raise CDMSError("setdimattribute weights not implemented.")

        elif field == "bounds":
            if value is None:
                d.setBounds(None)
            else:
                b = numpy.ma.filled(value)
                if numpy.ndim(b) == 2:
                    d.setBounds(b)
                elif numpy.ndim(b) == 1:
                    b1 = numpy.zeros((len(b) - 1, 2), b.dtype.char)
                    b1[:, 0] = b[:-1]
                    b1[:, 1] = b[1:]
                    d.setBounds(b1)
                else:
                    raise CDMSError(
                        "setdimattribute, bounds improper shape: " + b.shape)
        else:
            setattr(d, field, value)


[docs]    def clone(self, copyData=1):
        """
        Clone

        Parameters
        ----------

        clone : (self, copyData=1)


        Returns
        -------

        a copy of self as a transient variable.
        If copyData is 1 (default), make a separate copy of the data.
        """
        result = createVariable(self, copy=copyData)
        return result


[docs]    def dumps(self, *args, **kargs):
        # Probably need something for curv/gen grids
        """ Dumps Variable to a jason object, args are passed directly to json.dump"""
        J = {}
        for k, v in self.attributes.items():
            if k == "autoApiInfo":
                continue
            J[k] = v
        J['id'] = self.id
        axes = []
        for a in self.getAxisList():
            ax = {}
            for A, v in a.attributes.items():
                if isinstance(v, numpy.ndarray):
                    ax[A] = v.tolist()
                else:
                    ax[A] = v
            ax['id'] = a.id
            ax["_values"] = a[:].tolist()
            ax["_dtype"] = a[:].dtype.char
            axes.append(ax)
        J["_axes"] = axes
        J["_values"] = self[:].filled(self.fill_value).tolist()
        J["_msk"] = list(numpy.ma.getmaskarray(self).tobytes('C'))
        J["_mask"] = numpy.array(self._mask).tolist()
        J["_fill_value"] = float(self.fill_value)
        J["_dtype"] = self.typecode()
        J["_grid"] = None  # self.getGrid()
        return json.dumps(J, *args, **kargs)


[docs]    def isEncoded(self):
        "Transient variables are not encoded"
        return 0


[docs]    def __len__(self):
        "Length of first dimension"
        if self.rank() > 0:
            (axis, start, length, true_length) = self.getDomain()[0]
        else:
            length = 0
        return length


    def __str__(self):
        return numpy.ma.MaskedArray.__str__(self)

    def __repr__(self):
        return self.id + '\n' + numpy.ma.MaskedArray.__repr__(self) + '\n'

[docs]    def set_fill_value(self, value):
        "Set missing value attribute and fill value"
        AbstractVariable.setMissing(self, value)
        # Fix submitted by Ghislain Picard, this was broken with numpy 1.5
        numpy.ma.MaskedArray.set_fill_value(self, value)


[docs]    def setMissing(self, value):
        "Set missing value attribute and fill value"
        self.set_fill_value(value)


    # For aggregation server interface. Use clone to make a true copy.
[docs]    def copy(self):
        return self.__copy__()


[docs]    def setTileIndex(self, index):
        """
        Set the tile index (for mosaics)
        index: tile index
        """
        self.tileIndex = index


[docs]    def getTileIndex(self):
        """
        Get the tile index (for mosaics)
        """
        return self.tileIndex


[docs]    def to_dataframe(self):
        """Convert a TransientVariable into a pandas.DataFrame.

        Transient variable the column of the DataFrame.
        The DataFrame is be indexed by the cartesian product of
        this Transient variable dimensions
        """
        import pandas as pd
        from collections import OrderedDict
        columns = [self.id]
        data = [self[:]._data.reshape(-1)]
        axes = []
        axes.append([str(i) for i in self.getTime().asComponentTime()])
        if self.getLevel() is not None:
            axes.append(self.getLevel()[:])
        if self.getLatitude() is not None:
            axes.append(self.getLatitude()[:])
        if self.getLongitude() is not None:
            axes.append(self.getLongitude()[:])
        names = [axis.id for axis in self.getAxisList()]
        index = pd.MultiIndex.from_product(axes, names=names)
        return pd.DataFrame(OrderedDict(zip(columns, data)), index=index)


[docs]    def toVisit(self, filename, format='Vs', sphereRadius=1.0,
                maxElev=0.1):
        """
        Save data to file for postprocessing by the VisIt visualization tool
        filename: name of the file where the data will be saved
        format: 'Vs' for VizSchema, 'VTK' for VTK, ...
        sphereRadius: radius of the earth
        maxElev: maximum elevation for representation on the sphere
        """
        from . import mvVTKSGWriter
        from . import mvVsWriter
        try:
            # required by mvVsWriter
            import tables                # noqa
        except BaseException:            # fall back
            format = 'VTK'

        def generateTimeFileName(filename, tIndex, tIndexMax, suffix):
            ndigits = len('%d' % tIndexMax)
            itdigits = len('%d' % tIndex)
            tiStr = '0' * (ndigits - itdigits) + ('%d' % tIndex)
            return re.sub(r'\.' + suffix, '_%s.%s' % (tiStr, suffix),
                          filename)

        # determine whether data are time dependent
        timeAxis = self.getTime()

        # if time dependent, then which index is time?
        timeIndex = -1
        if timeAxis:
            counter = -1
            for axis in self.getAxisIds():
                counter += 1
                if axis == 'time':
                    timeIndex = counter

        if timeAxis is None or timeIndex == -1:
            # static data
            if format == 'VTK':
                vw = mvVTKSGWriter.VTKSGWriter(self, maxElev)
                if filename.find('.vtk') == -1:
                    filename += '.vtk'
                vw.write(filename)
            else:
                vw = mvVsWriter.VsWriter(self, maxElev)
                if filename.find('.vsh5') == -1:
                    filename += '.vsh5'
                vw.write(filename)
        else:
            # time dependent data
            tIndexMax = len(timeAxis)
            for tIndex in range(tIndexMax):
                sliceOp = 'self[' + (':,' * timeIndex) + \
                    ('%d,' % tIndex) + '...]'
                var = eval(sliceOp)
                if format == 'VTK':
                    if filename.find('.vtk') == -1:
                        filename += '.vtk'
                    tFilename = generateTimeFileName(filename,
                                                     tIndex, tIndexMax, 'vtk')
                    vw = mvVTKSGWriter.VTKSGWriter(var, maxElev)
                    vw.write(tFilename)
                else:
                    if filename.find('.h5') == -1:
                        filename += '.h5'
                    tFilename = generateTimeFileName(filename,
                                                     tIndex, tIndexMax, 'h5')
                    vw = mvVsWriter.VsWriter(var, maxElev)
                    vw.write(tFilename)


    # Following are distributed array methods, they require mpi4py
    # to be installed

[docs]    def setMPIComm(self, comm):
        """
        Set the MPI communicator. This is a no-op if MPI
        is not available.
        """
        if HAVE_MPI:
            self.__mpiComm = comm


[docs]    def getMPIRank(self):
        """
        Return the MPI rank
        """
        if HAVE_MPI:
            return self.__mpiComm.Get_rank()
        else:
            return 0


[docs]    def getMPISize(self):
        """
        Return the MPI communicator size
        """
        if HAVE_MPI:
            return self.__mpiComm.Get_size()
        else:
            return 1


[docs]    def exposeHalo(self, ghostWidth=1):
        """
        Expose the halo to other processors. The halo is the region
        within the local MPI data domain that is accessible to other
        processors. The halo encompasses the edge of the data region
        and has thickness ghostWidth.

        ghostWidth - width of the halo region (> 0)
        """
        if HAVE_MPI:
            shape = self.shape
            ndims = len(shape)
            for dim in range(ndims):
                for drect in (-1, 1):
                    # the window id uniquely specifies the
                    # location of the window. We use 0's to indicate
                    # a slab extending over the entire length for a
                    # given direction, a 1 represents a layer of
                    # thickness ghostWidth on the high index side,
                    # -1 on the low index side.
                    winId = tuple([0 for i in range(dim)] + [drect] +
                                  [0 for i in range(dim + 1, ndims)])

                    slce = slice(0, ghostWidth)
                    if drect == 1:
                        slce = slice(shape[dim] - ghostWidth, shape[dim])

                    slab = self.__getSlab(dim, slce)

                    # create the MPI window
                    dataSrc = numpy.zeros(self[slab].shape, self.dtype)
                    dataDst = numpy.zeros(self[slab].shape, self.dtype)
                    self.__mpiWindows[winId] = {
                        'slab': slab,
                        'dataSrc': dataSrc,
                        'dataDst': dataDst,
                        'window': MPI.Win.Create(dataSrc, comm=self.__mpiComm),
                    }


[docs]    def getHaloEllipsis(self, side):
        """
        Get the ellipsis for a given halo side.

        Parameters
        ----------

           side:
                a tuple of zeros and one +1 or -1.  To access the "north" side for instance, set side=(1, 0),
                (-1, 0) to access the south side, (0, 1) the east side, etc. This does not involve any communication.

           _:None

        Returns
        -------
            none if halo was not exposed (see exposeHalo)
        """
        if HAVE_MPI and side in self.__mpiWindows:
            return self.__mpiWindows[side]['slab']
        else:
            return None


[docs]    def fetchHaloData(self, pe, side):
        """
        Fetch the halo data from another processor. The halo side is a subdomain of the halo that
        is exposed to other processors. It is an error to call this method when MPI is not enabled.
        This is a collective method (must be called by all processes), which involves synchronization
        of data among all processors.

        Parameters
        ----------

           pe:
                processor owning the halo data. This is a no operation when pe is None.

           side:
               a tuple of zeros and one +1 or -1.  To access the "north" side for instance,
               set side=(1, 0), (-1, 0) to access the south side, (0, 1) the east side, etc.

        Note: collective, all procs must invoke this method. If some processors should not fetch then pass None for pe.
        """
        if HAVE_MPI:
            iw = self.__mpiWindows[side]
            slab = iw['slab']
            dataSrc = iw['dataSrc']
            dataDst = iw['dataDst']

            # copy src data into buffer
            dataSrc[...] = self[slab]

            win = iw['window']
            win.Fence()  # get the data ready
            if pe is not None:
                win.Get([dataDst, self.__mpiType], pe)
            win.Fence()  # make sure the communication completed
            return dataDst
        else:
            raise CDMSError('Must have MPI to invoke fetchHaloData')


[docs]    def freeHalo(self):
        """
        Free the MPI windows attached to the halo. This must be
        called before MPI_Finalize.
        """
        for iw in self.__mpiWindows:
            self.__mpiWindows[iw]['window'].Free()


    def __getSlab(self, dim, slce):
        """
        Parameters
        ----------

            Get slab:
                A slab is a multi-dimensional slice extending in all directions except along dim where slce applies

            dim:
                dimension (0=first index, 1=2nd index...)

            slce:
                python slice object along dimension dim

        Returns
        -------

             slab
        """
        ndims = len(self.shape)

        slab = [slice(0, None) for i in range(dim)] + [slce] + \
            [slice(0, None) for i in range(dim + 1, ndims)]
        return tuple(slab)

    def __getMPIType(self):
        """
        Return the MPI type of the array, or None
        if no match
        """
        typ = None
        dtyp = self.dtype
        if HAVE_MPI:
            if dtyp == numpy.float64:
                typ = MPI.DOUBLE
            elif dtyp == numpy.float32:
                typ = MPI.FLOAT
            elif dtyp == numpy.int64:
                typ = MPI.INT64_T
            elif dtyp == numpy.int32:
                typ = MPI.INT32_T
            elif dtyp == numpy.int16:
                typ = MPI.INT16_T
            elif dtyp == numpy.int8:
                typ = MPI.INT8_T
            else:
                return None
        else:
            return typ


# PropertiedClasses.set_property(TransientVariable, 'shape',
# nowrite=1, nodelete=1)


[docs]def createVariable(*args, **kargs):
    """Creates variable in-memory.

    To enabled automatic bounds generation see ``setAutoBounds``.

    Parameters
    ----------
    data : numpy.ndarray
        NDArray containing variable data.
    typecode : (float, int, np.dtype)
        Sets the dtype of the underlying masked array.
    copy : int
        0: Stores reference of data.
        1: Stores copy of data.
    savespace : int
        Deprecated.
    mask : numpy.ndarray
        Mask passed to the underlying masked array.
    fill_value : float
        Sets the value to use when data is missing.
    grid
        Sets the grid of the variable.
    axes : list of (cdms2.TransientAxis, cdms2.FileAxis)
        Sets the list of axes associated with the variable.
    attributes : dict
        Mapping of attribute names and values.
    id : str
        Identifier for the variable.
    copyaxes : int
        0: Stores reference to axes.
        1: Stores copies of axes.
    dtype : (float, int, np.dtype)
        Sets the dtype of the underlying masked array.
    order : str
        Sets the order for the underlying masked array (`Masked Array`_).
    no_update_from : bool
        If ``False`` and ``axes`` is None, then axes will be generated from ``data``.
        If ``False`` and ``grid`` is None, then an attempt to get a grid from the ``data`` will be made.
        Set to ``True`` will prevent the above behavior.
    *args
        Url to JSON file if ``fromJSON`` is in kwargs.
    **kargs
        - fromJSON : bool
            Load variable from JSON.

    .. _Masked Array:
        https://numpy.org/doc/stable/reference/generated/numpy.ma.array.html

    Examples
    --------
    >>> v1 = createVariable(np.random.random(size=(200,200)), typecode=float, fill_value=123)

    >>> v2 = createVariable('data.json', fromJSON=True)
    """
    if kargs.get("fromJSON", False):
        return fromJSON(*args)
    else:
        return TransientVariable(*args, **kargs)



[docs]def isVariable(s):
    "Is s a variable?"
    return isinstance(s, AbstractVariable)



[docs]def asVariable(s, writeable=1):
    """
    As Variable

    Returns
    -------
    s if s is a Variable; if writeable is 1,
    return s if s is a TransientVariable.

    If s is not a variable of
    the desired type, attempt to make it so and return that.

    If we fail raise CDMSError
    """
    target_class = AbstractVariable
    if writeable:
        target_class = TransientVariable
    if isinstance(s, target_class):
        return s
    elif isinstance(s, AbstractVariable):
        return s.subSlice()

    try:
        result = createVariable(s)
    except CDMSError:
        result = None

    # if result.dtype.char == numpy.ma.PyObject:
    if issubclass(result.dtype.type, numpy.object_):
        result = None
    if result is None:
        raise CDMSError("asVariable could not make a Variable from the input.")
    return result



if __name__ == '__main__':
    for s in [(20,), (4, 5)]:
        x = numpy.arange(20)
        x.shape = s
        t = createVariable(x)
        assert t.shape == s
        assert t.missing_value == t._fill_value
        assert numpy.ma.allclose(x, t)
        assert t.dtype.char == numpy.int
        assert numpy.ma.size(t) == numpy.ma.size(x)
        assert numpy.ma.size(t, 0) == len(t)
        assert numpy.ma.allclose(
            t.getAxis(0)[:],
            numpy.ma.arange(
                numpy.ma.size(
                    t,
                    0)))
        t.missing_value = -99
        assert t.missing_value == -99
        assert t.fill_value == -99
    t = createVariable(numpy.ma.arange(5), mask=[0, 0, 0, 1, 0])
    t.set_fill_value(1000)
    assert t.fill_value == 1000
    assert t.missing_value == 1000
    t.missing_value = -99
    assert t[2] == 2
    t[3] = numpy.ma.masked
    assert t[3] is numpy.ma.masked
    f = createVariable(
        numpy.ma.arange(
            5, typecode=numpy.float32), mask=[
            0, 0, 0, 1, 0])
    f2 = createVariable(
        numpy.ma.arange(
            5, typecode=numpy.float32), mask=[
            0, 0, 0, 1, 0])
    f[3] = numpy.ma.masked
    assert f[3] is numpy.ma.masked
    assert numpy.ma.allclose(2.0, f[2])
    t.setdimattribute(0, 'units', 'cm')
    assert t.getdimattribute(0, 'units') == 'cm'
    t.setdimattribute(0, 'name', 'fudge')
    assert t.getdimattribute(0, 'name') == 'fudge'
    f2b = f2.getdimattribute(0, 'bounds')
    t.setdimattribute(0, 'bounds', f2b)
    assert numpy.ma.allclose(
        f.getdimattribute(
            0, 'bounds'), f2.getdimattribute(
            0, 'bounds'))
    print("Transient Variable test passed ok.")
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  Source code for cdms2.variable

# Automatically adapted for numpy.oldnumeric Aug 01, 2007 by

"""
DatasetVariable: Dataset-based variables
"""
# from cdms2 import Cdunif
import numpy
from . import cdmsNode
import cdtime
import copy
# import os
import string
# import sys
# import types
# from . import cdmsobj
from .cdmsobj import getPathFromTemplate, Max32int
from .avariable import AbstractVariable
from .sliceut import slicePartition, sliceIntersect, reverseSlice, lenSlice
from .error import CDMSError

InvalidGridElement = "Grid domain elements are not yet implemented: "
InvalidRegion = "Invalid region: "
NoSuchAxisOrGrid = "No such axis or grid: "
OutOfRange = "Coordinate interval is out of range: "
TooManyPartitions = "Variable has too many partitioned axes, max is two: "
WriteNotImplemented = "Dataset write operation not implemented"
FileClosed = "Cannot read from closed file or dataset, variable: "


[docs]def timeindex(value, units, basetime, delta, delunits, calendar):
    """ Calculate (t - basetime)/delu

    Parameters
    ----------
    where t :  = reltime(value, units) and

    delu :  is the time interval (delta, delunits) (e.g., 1 month).
    """
    tval = cdtime.reltime(value, units)
    tounits = "%s since %s" % (delunits, basetime)
    newval = tval.torel(tounits, calendar)
    return int(newval.value / delta)



[docs]class DatasetVariable(AbstractVariable):
    """Variable (parent, variableNode=None)

       Parameters
       ----------
       variableNode : is the variable tree node, if any.

       parent : is the containing dataset instance.

    """

[docs]    def __init__(self, parent, id, variableNode=None):
        """
        """
        AbstractVariable.__init__(self, parent, variableNode)
        val = self.__cdms_internals__ + ['domain', 'name_in_file']
        self.___cdms_internals__ = val
        self.id = id
        self.domain = []
        # Get self.name_in_file from the .xml file if present
        if not hasattr(self, 'name_in_file'):
            self.name_in_file = id

        # if self.attributes.has_key('name_in_file'):
        #     self.name_in_file = self.attributes['name_in_file']
        if variableNode is not None:
            self._numericType_ = cdmsNode.CdToNumericType.get(
                variableNode.datatype)
        else:
            self._numericType_ = numpy.float
        assert self.id is not None


[docs]    def __len__(self):
        "Length of first dimension"
        if len(self.domain) > 0:
            (axis, start, length, true_length) = self.domain[0]
        else:
            length = 0

        return length


#    def __repr__(self):
#        if self.parent is not None:
#            parentid = self.parent.id
#        else:
#            parentid = "**CLOSED**"
# return "<Variable: %s, dataset: %s, shape: %s>"%(self.id, parentid,
# `self.shape`)

    def __getitem__(self, key):
        if self.parent is None:
            raise CDMSError(FileClosed + str(self.id))
        return AbstractVariable.__getitem__(self, key)

[docs]    def getValue(self, squeeze=1):
        """Return the entire set of values."""
        if self.parent is None:
            raise CDMSError(FileClosed + self.id)
        return self.getSlice(Ellipsis, squeeze=squeeze)


    def __getslice__(self, low, high):
        if self.parent is None:
            raise CDMSError(FileClosed + self.id)

        # Hack to prevent netCDF overflow error on 64-bit architectures
        high = min(Max32int, high)

        return AbstractVariable.__getslice__(self, low, high)

    def __setitem__(self, index, value):
        raise CDMSError(WriteNotImplemented)

    def __setslice__(self, low, high, value):
        raise CDMSError(WriteNotImplemented)

    def _getShape(self):
        return self.getShape()

    def _getdtype(self):
        tc = self.typecode()
        return numpy.dtype(tc)

[docs]    def getShape(self):
        shape = []
        for (axis, start, length, true_length) in self.domain:
            shape.append(length)
        return tuple(shape)


[docs]    def typecode(self):
        return numpy.dtype(self._numericType_).char


[docs]    def size(self):
        "Number of elements."
        n = 1
        for k in self.shape:
            n = k * n
        return n


[docs]    def initDomain(self, axisdict, griddict):
        "Must be called by whoever made this Variable to set up axes, grids."
        self.domain = []
        domnode = self._node_.getDomain()
        for denode in domnode.children():
            dename = denode.getName()
            domelem = axisdict.get(dename)
            if domelem is None:
                domelem = griddict.get(dename)
#                if grid is None:
#                    raise CDMSError(NoSuchAxisOrGrid + dename)
#                else:
#                    raise CDMSError(InvalidGridElement + dename)
            partlenstr = denode.getExternalAttr('partition_length')
            if partlenstr is not None:
                truelen = int(partlenstr)
            else:
                truelen = denode.length
            self.domain.append((domelem, denode.start, denode.length, truelen))


    # Get the template
[docs]    def getTemplate(self):
        if hasattr(self, 'template'):
            template = self.template
        elif hasattr(self.parent, 'template'):
            template = self.parent.template
        else:
            template = None
        return template


[docs]    def getAxis(self, n):
        if n < 0:
            n = n + self.rank()
        return self.domain[n][0]


[docs]    def getDomain(self):
        return self.domain


    # Get the paths associated with the interval region specified
    # by 'intervals'. This incorporates most of the logic of __getitem__,
    # without actually reading the data.
    #
    # 'specs' is a list of interval range specifications as defined
    # for getSlice.
    #
    # The function returns a list of tuples of the form (path,slicelist),
    # where path is the path of a file, and slicetuple is a tuple of
    # slices, of the same length as the rank of the variable, representing the
    # region of the variable which is contained in the file. The following
    # would retrieve the data for that file:
    #
    #   f = Cdunif.CdunifFile(path,'r')
    #   var = f.variables[self.name_in_file]
    #   data = apply(var.getitem,slicelist)
    #
[docs]    def getPaths(self, *specs, **keys):

        # Create an equivalent list of slices
        speclist = self._process_specs(specs, keys)
        slicelist = self.specs2slices(speclist)

        print(slicelist)
        # Generate the filelist
        npart, idims, partitionSlices = self.expertPaths(slicelist)

        # Flatten the list
        result = []
        if partitionSlices is None:
            pass
        elif npart == 0:
            filename, slicelist = partitionSlices
            if filename is not None:
                result.append((filename, tuple(slicelist)))
        elif npart == 1:
            for filename, slicelist in partitionSlices:
                if filename is not None:
                    result.append((filename, tuple(slicelist)))
        elif npart == 2:
            for filelist in partitionSlices:
                for filename, slicelist in filelist:
                    if filename is not None:
                        result.append((filename, tuple(slicelist)))

        return result


[docs]    def genMatch(self, axis, interval, matchnames):
        """Helper function for expertPaths.

        Parameters
        ----------

        axis : is a partitioned axis, either time or vertical level or forecast.

        interval : is an index interval (istart, iend).

        matchnames : is a partially filled list [id, timestart, timeend, levstart, levend, fc] If a filemap
                is used, matchnames has indices, otherwise has coordinates.

        Function : modifies matchnames based on axis and interval, returns the modified matchnames tuple.
        """
        if axis.isTime():
            if hasattr(self.parent, 'cdms_filemap'):
                start = interval[0]
                end = interval[1]
            else:                       # Use template method
                time0 = axis[interval[0]]
                time1 = axis[interval[1] - 1]
                isabs = (string.find(axis.units, " as ") != -1)
                if isabs:
                    start = cdtime.abstime(time0, axis.units)
                    end = cdtime.abstime(time1, axis.units)
                else:
                    cal = axis.getCalendar()
                    start = cdtime.reltime(time0, axis.units).tocomp(cal)
                    end = cdtime.reltime(time1, axis.units).tocomp(cal)
            matchnames[1] = start
            matchnames[2] = end
        elif axis.isForecast():
            start = axis.getValue()[interval[0]]
            end = axis.getValue()[interval[1] - 1]
            matchnames[5] = start
            matchnames[6] = end
        else:
            if hasattr(self.parent, 'cdms_filemap'):
                start = interval[0]
                end = interval[1]
            else:
                start = int(axis[interval[0]])
                end = int(axis[interval[1] - 1])
            matchnames[3] = start
            matchnames[4] = end

        return matchnames


[docs]    def getFilePath(self, matchnames, template):
        """Lookup or generate the file path, depending on whether a filemap
        or template is present.
        """
        if hasattr(self.parent, 'cdms_filemap'):
            id, tstart, tend, levstart, levend, fcstart, fcend = matchnames
            filename = self.parent._filemap_[
                (self.id, tstart, levstart, fcstart)]
            # ... filemap uses dataset IDs
        else:
            filename = getPathFromTemplate(template, matchnames)
        return filename


[docs]    def getPartition(self, axis):
        """Get the partition attribute for this variable, axis.

        Parameters
        ----------

        axis : is either a time or level axis. If cdms_filemap is being used, get the
              partition from the _varpart_ attribute, otherwise (for templating) use
              axis.partition.
        """
        if hasattr(self.parent, 'cdms_filemap'):
            if axis.isTime():
                partition = self._varpart_[0]
            elif axis.isForecast():
                partition = axis.partition
            else:                  # level
                partition = self._varpart_[1]
        else:                           # Template method
            partition = axis.partition
        return partition


[docs]    def expertPaths(self, slist):
        """
        Expert Paths

        Parameters
        ----------

        expertPaths : (self, slicelist) takes a list of slices


        Returns
        -------
        a 3-tuple (npart, dimensionlist, partitionSlices)

        Where
        npart : is the number of partitioned dimensions: 0, 1, or 2;
        dimensionlist : is a tuple of length npart, having the dimension numbers of the partitioned dimensions;
        partitionSlices : is the list of file-specific (filename, slice) corresponding
        to the paths and slices within the files to be read.

        The exact form of partitionSlices depends on the value of npart

        npart : partitionSlices

        0 : (filename,slicelist)
        1 : [(filename,slicelist),...,(filename,slicelist)]
        2 : [[(filename,slicelist),...,(filename,slicelist)]
            [(filename,slicelist),...,(filename,slicelist)]
            [(filename,slicelist),...,(filename,slicelist)]]

        Notes
        -----
        - A filename of None indicates that no file was found with data corresponding to the slicelist.
        - If partitionSlices is None, the slicelist does not intersect the domain.
        - An empty partitionSlices [] means that the variable is zero-dimensional.
        """

        # slicelist gets modified, slist doesn't
        slicelist = copy.copy(slist)
        template = self.getTemplate()

        # Use the name_in_file attribute to access files
        if hasattr(self, 'name_in_file'):
            realid = self.name_in_file
        else:
            realid = self.id

        # Handle rank-0 variables separately
        if self.rank() == 0:
            matchnames = [realid, None, None, None, None, None, None]
            filename = self.getFilePath(matchnames, template)

            result = (0, (), (filename, []))
            return result

        # Find the number of partitioned axes
        npart = 0
        ndim = 0
        for (axis, start, length, true_length) in self.domain:
            if hasattr(axis, 'partition'):
                npart = npart + 1
                if npart == 1:
                    # part1 = axis
                    npart1 = ndim
                elif npart == 2:
                    # part2 = axis
                    npart2 = ndim
                else:
                    raise CDMSError(TooManyPartitions + self.id)
            ndim = ndim + 1

        # If no partitioned axes, just read the data
        if npart == 0:
            matchnames = [realid, None, None, None, None, None, None]
            filename = self.getFilePath(matchnames, template)
            result = (0, (), (filename, slicelist))

        # If one partitioned axes:
        elif npart == 1:

            # intersect the slice and partition for that axis
            slice1 = slicelist[npart1]
            (axis, startelem, length, true_length) = self.domain[npart1]
            partition = slicePartition(slice1, self.getPartition(axis))
            if partition == []:
                return (1, (npart1,), None)

            # For each (interval, partslice) in the partition:
            resultlist = []
            (firstinterval, firstslice) = partition[0]
            prevhigh = firstinterval[0]
            for (interval, partslice) in partition:

                # If the previous interval high is less than
                # the current interval low value, interpose
                # missing data.
                low = interval[0]
                if prevhigh < low:
                    missing_interval = (prevhigh, low)
                    missing_slice = sliceIntersect(slice1, missing_interval)

                    # Note: if the slice has a stride>1, it might not intersect,
                    # so don't interpose missing data in this case.
                    if missing_slice is not None:
                        slicelist[npart1] = missing_slice
                        resultlist.append((None, copy.copy(slicelist)))
                prevhigh = interval[1]

                # generate the filename
                matchnames = [realid, None, None, None, None, None, None]
                matchnames = self.genMatch(axis, interval, matchnames)
                filename = self.getFilePath(matchnames, template)

                # adjust the partslice for the interval offset
                # and replace in the slice list
                filestart = partslice.start - interval[0]
                filestop = partslice.stop - interval[0]
                fileslice = slice(filestart, filestop, partslice.step)
                slicelist[npart1] = fileslice

                resultlist.append((filename, copy.copy(slicelist)))

            result = (1, (npart1,), resultlist)

        # If two partitioned axes, 2-D version of previous case
        if npart == 2:
            slice1 = slicelist[npart1]
            slice2 = slicelist[npart2]
            (axis1, startelem1, length1, true_length1) = self.domain[npart1]
            (axis2, startelem2, length2, true_length2) = self.domain[npart2]
            partition1 = slicePartition(slice1, self.getPartition(axis1))
            partition2 = slicePartition(slice2, self.getPartition(axis2))
            if partition1 == [] or partition2 == []:
                return (2, (npart1, npart2), None)

            # For each (interval, partslice) in the partition:
            resultlist = []
            (firstinterval1, firstslice1) = partition1[0]
            prevhigh1 = firstinterval1[0]
            for (interval1, partslice1) in partition1:

                # If the previous interval high is less than
                # the current interval low value, interpose
                # missing data.
                low = interval1[0]
                if prevhigh1 < low:
                    missing_interval = (prevhigh1, low)
                    missing_slice = sliceIntersect(slice1, missing_interval)
                    if missing_slice is not None:
                        slicelist[npart1] = missing_slice
                        resultlist.append([(None, copy.copy(slicelist))])
                prevhigh1 = interval1[1]

                # generate matchnames
                matchnames = [realid, None, None, None, None, None, None]
                matchnames = self.genMatch(axis1, interval1, matchnames)

                # adjust the partslice for the interval offset
                # and replace in the slice list
                filestart = partslice1.start - interval1[0]
                filestop = partslice1.stop - interval1[0]
                fileslice = slice(filestart, filestop, partslice1.step)
                slicelist[npart1] = fileslice

                chunklist = []
                (firstinterval2, firstslice2) = partition2[0]
                prevhigh2 = firstinterval2[0]
                for (interval2, partslice2) in partition2:

                    # If the previous interval high is less than
                    # the current interval low value, interpose
                    # missing data.
                    low = interval2[0]
                    if prevhigh2 < low:
                        missing_interval = (prevhigh2, low)
                        missing_slice = sliceIntersect(
                            slice1, missing_interval)
                        if missing_slice is not None:
                            slicelist[npart2] = missing_slice
                            chunklist.append((None, copy.copy(slicelist)))
                    prevhigh2 = interval2[1]

                    # generate the filename
                    matchnames = self.genMatch(axis2, interval2, matchnames)
                    filename = self.getFilePath(matchnames, template)

                    filestart = partslice2.start - interval2[0]
                    filestop = partslice2.stop - interval2[0]
                    fileslice = slice(filestart, filestop, partslice2.step)
                    slicelist[npart2] = fileslice

                    chunklist.append((filename, copy.copy(slicelist)))

                resultlist.append(chunklist)

            result = (2, (npart1, npart2), resultlist)

        return result


[docs]    def expertSlice(self, initslist):

        # Handle negative slices
        revlist = []                    # Slices to apply to result if reversals needed
        slist = []                      # Slices with positive strides
        haveReversals = 0               # True iff result array needs reversing
        i = 0
        for s in initslist:
            if s.step < 0:
                axislen = self.shape[i]
                slist.append(reverseSlice(s, axislen))
                revlist.append(slice(None, None, -1))
                haveReversals = 1
            else:
                slist.append(s)
                revlist.append(slice(None, None, 1))
            i += 1

        # This does most of the work
        npart, idims, partitionSlices = self.expertPaths(slist)

        # If the dataset includes a forecast axis, find it now, as well
        # as this slice's corresponding index in that direction.
        fci = None
        for i in range(len(self.domain)):
            if self.domain[i][0].isForecast():
                fci = i
                # fcv = initslist[i].start
                break

        # If no intersection, return an 'empty' array.
        if partitionSlices is None:
            return numpy.ma.zeros((0,), self._numericType_)

        # Handle rank-0 variables separately
        if self.rank() == 0:
            filename, dumlist = partitionSlices

            f = self.parent.openFile(filename, 'r')
            try:
                var = f.variables[self.name_in_file]
                result = var.getValue()
            finally:
                f.close()
            return result

        # If no partitioned axes, just read the data
        if npart == 0:
            filename, slicelist = partitionSlices

            f = self.parent.openFile(filename, 'r')
            try:
                var = f.variables[self.name_in_file]
                if fci is None:
                    result = self._returnArray(
                        var.getitem(*tuple(slicelist)), 0)
                else:
                    # If there's a forecast axis, the file doesn't know about it so
                    # don't use it in slicing data out of the file.
                    result = self._returnArray(var.getitem(*tuple(slicelist[0:fci] + slicelist[fci + 1:])),
                                               0)
                    # But the result still needs an index in the forecast direction,
                    # which is simple to do because there is only one forecast
                    # per file:
                    result.resize(list(map(lenSlice, slicelist)))

            finally:
                f.close()
            sh = result.shape
            if 0 in sh:
                raise CDMSError(IndexError + 'Coordinates out of Domain')

        # If one partitioned axes:
        elif npart == 1:

            npart1 = idims[0]
            resultlist = []
            for filename, slicelist in partitionSlices:

                # If the slice is missing, interpose missing data
                if filename is None:
                    shapelist = list(map(lenSlice, slicelist))
                    chunk = numpy.ma.zeros(
                        tuple(shapelist), self._numericType_)
                    chunk[...] = numpy.ma.masked

                # else read the data and close the file
                else:
                    f = self.parent.openFile(filename, 'r')
                    try:
                        var = f.variables[self.name_in_file]
                        if fci is None:
                            chunk = var.getitem(*tuple(slicelist))
                        else:
                            # If there's a forecast axis, the file doesn't know about it so
                            # don't use it in slicing data out of the file.
                            chunk = var.getitem(
                                *tuple(slicelist[0:fci] + slicelist[fci + 1:]))
                            # But the chunk still needs an index in the forecast direction,
                            # which is simple to do because there is only one
                            # forecast per file:
                            chunk.resize(list(map(lenSlice, slicelist)))

                    finally:
                        f.close()
                    sh = chunk.shape
                    if 0 in sh:
                        raise CDMSError('Coordinates out of Domain')

                resultlist.append(self._returnArray(chunk, 0))

            # Combine the chunks into a single array
            # Note: This works because slicelist is the same length
            # as the domain, and var.getitem returns a chunk
            # with singleton dimensions included. This means that
            # npart1 corresponds to the correct dimension of chunk.
            result = numpy.ma.concatenate(resultlist, axis=npart1)
            for chunk in resultlist:
                del(chunk)

        # If two partitioned axes, 2-D version of previous case
        if npart == 2:
            npart1, npart2 = idims

            resultlist = []
            for filelist in partitionSlices:
                chunklist = []
                for filename, slicelist in filelist:

                    # If the slice is missing, interpose missing data
                    if filename is None:
                        shapelist = list(map(lenSlice, slicelist))
                        chunk = numpy.ma.zeros(
                            tuple(shapelist), self._numericType_)
                        chunk[...] = numpy.ma.masked

                    # else read the data and close the file
                    else:
                        f = self.parent.openFile(filename, 'r')
                        try:
                            var = f.variables[self.name_in_file]
                            if fci is None:
                                chunk = var.getitem(*tuple(slicelist))
                            else:
                                # If there's a forecast axis, the file doesn't know about it so
                                # don't use it in slicing data out of the file.
                                chunk = var.getitem(
                                    *tuple(slicelist[0:fci] + slicelist[fci + 1:]))
                                # But the chunk still needs an index in the forecast direction,
                                # which is simple to do because there is only
                                # one forecast per file:
                                chunk.resize(list(map(lenSlice, slicelist)))

                        finally:
                            f.close()
                        sh = chunk.shape
                        if 0 in sh:
                            raise CDMSError('Coordinates out of Domain')
                    chunklist.append(self._returnArray(chunk, 0))

                # Note: This works because slicelist is the same length
                # as the domain, and var.getitem returns a chunk
                # with singleton dimensions included. This means that
                # npart1 corresponds to the correct dimension of chunk.
                bigchunk = numpy.ma.concatenate(chunklist, axis=npart2)
                for chunk in chunklist:
                    del(chunk)
                resultlist.append(bigchunk)

            result = numpy.ma.concatenate(resultlist, axis=npart1)
            for bigchunk in resultlist:
                del(bigchunk)

        # If slices with negative strides were input, apply the appropriate
        # reversals.
        if haveReversals:
            result = result[revlist]

        return result


    shape = property(_getShape, None)
#     shape = _getShape
    dtype = property(_getdtype, None)


# PropertiedClasses.set_property (DatasetVariable, 'shape',
#                                   DatasetVariable._getShape, nowrite=1,
# nodelete=1)
# PropertiedClasses.set_property (DatasetVariable, 'dtype',
#                                   DatasetVariable._getdtype, nowrite=1,
# nodelete=1)
# internattr.add_internal_attribute(DatasetVariable, 'domain')
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  Source code for numpy.ma.core

"""
numpy.ma : a package to handle missing or invalid values.

This package was initially written for numarray by Paul F. Dubois
at Lawrence Livermore National Laboratory.
In 2006, the package was completely rewritten by Pierre Gerard-Marchant
(University of Georgia) to make the MaskedArray class a subclass of ndarray,
and to improve support of structured arrays.


Copyright 1999, 2000, 2001 Regents of the University of California.
Released for unlimited redistribution.

* Adapted for numpy_core 2005 by Travis Oliphant and (mainly) Paul Dubois.
* Subclassing of the base `ndarray` 2006 by Pierre Gerard-Marchant
  (pgmdevlist_AT_gmail_DOT_com)
* Improvements suggested by Reggie Dugard (reggie_AT_merfinllc_DOT_com)

.. moduleauthor:: Pierre Gerard-Marchant

"""
# pylint: disable-msg=E1002
import builtins
import operator
import warnings
import textwrap
import re
from functools import reduce

import numpy as np
import numpy.core.umath as umath
import numpy.core.numerictypes as ntypes
from numpy import ndarray, amax, amin, iscomplexobj, bool_, _NoValue
from numpy import array as narray
from numpy.lib.function_base import angle
from numpy.compat import (
    getargspec, formatargspec, long, unicode, bytes
    )
from numpy import expand_dims
from numpy.core.numeric import normalize_axis_tuple
from numpy.core._internal import recursive
from numpy.compat import pickle


__all__ = [
    'MAError', 'MaskError', 'MaskType', 'MaskedArray', 'abs', 'absolute',
    'add', 'all', 'allclose', 'allequal', 'alltrue', 'amax', 'amin',
    'angle', 'anom', 'anomalies', 'any', 'append', 'arange', 'arccos',
    'arccosh', 'arcsin', 'arcsinh', 'arctan', 'arctan2', 'arctanh',
    'argmax', 'argmin', 'argsort', 'around', 'array', 'asanyarray',
    'asarray', 'bitwise_and', 'bitwise_or', 'bitwise_xor', 'bool_', 'ceil',
    'choose', 'clip', 'common_fill_value', 'compress', 'compressed',
    'concatenate', 'conjugate', 'convolve', 'copy', 'correlate', 'cos', 'cosh',
    'count', 'cumprod', 'cumsum', 'default_fill_value', 'diag', 'diagonal',
    'diff', 'divide', 'empty', 'empty_like', 'equal', 'exp',
    'expand_dims', 'fabs', 'filled', 'fix_invalid', 'flatten_mask',
    'flatten_structured_array', 'floor', 'floor_divide', 'fmod',
    'frombuffer', 'fromflex', 'fromfunction', 'getdata', 'getmask',
    'getmaskarray', 'greater', 'greater_equal', 'harden_mask', 'hypot',
    'identity', 'ids', 'indices', 'inner', 'innerproduct', 'isMA',
    'isMaskedArray', 'is_mask', 'is_masked', 'isarray', 'left_shift',
    'less', 'less_equal', 'log', 'log10', 'log2',
    'logical_and', 'logical_not', 'logical_or', 'logical_xor', 'make_mask',
    'make_mask_descr', 'make_mask_none', 'mask_or', 'masked',
    'masked_array', 'masked_equal', 'masked_greater',
    'masked_greater_equal', 'masked_inside', 'masked_invalid',
    'masked_less', 'masked_less_equal', 'masked_not_equal',
    'masked_object', 'masked_outside', 'masked_print_option',
    'masked_singleton', 'masked_values', 'masked_where', 'max', 'maximum',
    'maximum_fill_value', 'mean', 'min', 'minimum', 'minimum_fill_value',
    'mod', 'multiply', 'mvoid', 'ndim', 'negative', 'nomask', 'nonzero',
    'not_equal', 'ones', 'outer', 'outerproduct', 'power', 'prod',
    'product', 'ptp', 'put', 'putmask', 'ravel', 'remainder',
    'repeat', 'reshape', 'resize', 'right_shift', 'round', 'round_',
    'set_fill_value', 'shape', 'sin', 'sinh', 'size', 'soften_mask',
    'sometrue', 'sort', 'sqrt', 'squeeze', 'std', 'subtract', 'sum',
    'swapaxes', 'take', 'tan', 'tanh', 'trace', 'transpose', 'true_divide',
    'var', 'where', 'zeros',
    ]

MaskType = np.bool_
nomask = MaskType(0)

class MaskedArrayFutureWarning(FutureWarning):
    pass

def _deprecate_argsort_axis(arr):
    """
    Adjust the axis passed to argsort, warning if necessary

    Parameters
    ----------
    arr
        The array which argsort was called on

    np.ma.argsort has a long-term bug where the default of the axis argument
    is wrong (gh-8701), which now must be kept for backwards compatibility.
    Thankfully, this only makes a difference when arrays are 2- or more-
    dimensional, so we only need a warning then.
    """
    if arr.ndim <= 1:
        # no warning needed - but switch to -1 anyway, to avoid surprising
        # subclasses, which are more likely to implement scalar axes.
        return -1
    else:
        # 2017-04-11, Numpy 1.13.0, gh-8701: warn on axis default
        warnings.warn(
            "In the future the default for argsort will be axis=-1, not the "
            "current None, to match its documentation and np.argsort. "
            "Explicitly pass -1 or None to silence this warning.",
            MaskedArrayFutureWarning, stacklevel=3)
        return None


def doc_note(initialdoc, note):
    """
    Adds a Notes section to an existing docstring.

    """
    if initialdoc is None:
        return
    if note is None:
        return initialdoc

    notesplit = re.split(r'\n\s*?Notes\n\s*?-----', initialdoc)

    notedoc = """\
Notes
    -----
    %s""" % note

    if len(notesplit) > 1:
        notedoc = '\n\n    ' + notedoc + '\n'

    return ''.join(notesplit[:1] + [notedoc] + notesplit[1:])


def get_object_signature(obj):
    """
    Get the signature from obj

    """
    try:
        sig = formatargspec(*getargspec(obj))
    except TypeError:
        sig = ''
    return sig


###############################################################################
#                              Exceptions                                     #
###############################################################################


class MAError(Exception):
    """
    Class for masked array related errors.

    """
    pass


class MaskError(MAError):
    """
    Class for mask related errors.

    """
    pass


###############################################################################
#                           Filling options                                   #
###############################################################################


# b: boolean - c: complex - f: floats - i: integer - O: object - S: string
default_filler = {'b': True,
                  'c': 1.e20 + 0.0j,
                  'f': 1.e20,
                  'i': 999999,
                  'O': '?',
                  'S': b'N/A',
                  'u': 999999,
                  'V': b'???',
                  'U': u'N/A'
                  }

# Add datetime64 and timedelta64 types
for v in ["Y", "M", "W", "D", "h", "m", "s", "ms", "us", "ns", "ps",
          "fs", "as"]:
    default_filler["M8[" + v + "]"] = np.datetime64("NaT", v)
    default_filler["m8[" + v + "]"] = np.timedelta64("NaT", v)

float_types_list = [np.half, np.single, np.double, np.longdouble,
                    np.csingle, np.cdouble, np.clongdouble]
max_filler = ntypes._minvals
max_filler.update([(k, -np.inf) for k in float_types_list[:4]])
max_filler.update([(k, complex(-np.inf, -np.inf)) for k in float_types_list[-3:]])

min_filler = ntypes._maxvals
min_filler.update([(k,  +np.inf) for k in float_types_list[:4]])
min_filler.update([(k, complex(+np.inf, +np.inf)) for k in float_types_list[-3:]])

del float_types_list

def _recursive_fill_value(dtype, f):
    """
    Recursively produce a fill value for `dtype`, calling f on scalar dtypes
    """
    if dtype.names is not None:
        vals = tuple(_recursive_fill_value(dtype[name], f) for name in dtype.names)
        return np.array(vals, dtype=dtype)[()]  # decay to void scalar from 0d
    elif dtype.subdtype:
        subtype, shape = dtype.subdtype
        subval = _recursive_fill_value(subtype, f)
        return np.full(shape, subval)
    else:
        return f(dtype)


def _get_dtype_of(obj):
    """ Convert the argument for *_fill_value into a dtype """
    if isinstance(obj, np.dtype):
        return obj
    elif hasattr(obj, 'dtype'):
        return obj.dtype
    else:
        return np.asanyarray(obj).dtype


def default_fill_value(obj):
    """
    Return the default fill value for the argument object.

    The default filling value depends on the datatype of the input
    array or the type of the input scalar:

       ========  ========
       datatype  default
       ========  ========
       bool      True
       int       999999
       float     1.e20
       complex   1.e20+0j
       object    '?'
       string    'N/A'
       ========  ========

    For structured types, a structured scalar is returned, with each field the
    default fill value for its type.

    For subarray types, the fill value is an array of the same size containing
    the default scalar fill value.

    Parameters
    ----------
    obj : ndarray, dtype or scalar
        The array data-type or scalar for which the default fill value
        is returned.

    Returns
    -------
    fill_value : scalar
        The default fill value.

    Examples
    --------
    >>> np.ma.default_fill_value(1)
    999999
    >>> np.ma.default_fill_value(np.array([1.1, 2., np.pi]))
    1e+20
    >>> np.ma.default_fill_value(np.dtype(complex))
    (1e+20+0j)

    """
    def _scalar_fill_value(dtype):
        if dtype.kind in 'Mm':
            return default_filler.get(dtype.str[1:], '?')
        else:
            return default_filler.get(dtype.kind, '?')

    dtype = _get_dtype_of(obj)
    return _recursive_fill_value(dtype, _scalar_fill_value)


def _extremum_fill_value(obj, extremum, extremum_name):

    def _scalar_fill_value(dtype):
        try:
            return extremum[dtype]
        except KeyError as e:
            raise TypeError(
                f"Unsuitable type {dtype} for calculating {extremum_name}."
            ) from None

    dtype = _get_dtype_of(obj)
    return _recursive_fill_value(dtype, _scalar_fill_value)


def minimum_fill_value(obj):
    """
    Return the maximum value that can be represented by the dtype of an object.

    This function is useful for calculating a fill value suitable for
    taking the minimum of an array with a given dtype.

    Parameters
    ----------
    obj : ndarray, dtype or scalar
        An object that can be queried for it's numeric type.

    Returns
    -------
    val : scalar
        The maximum representable value.

    Raises
    ------
    TypeError
        If `obj` isn't a suitable numeric type.

    See Also
    --------
    maximum_fill_value : The inverse function.
    set_fill_value : Set the filling value of a masked array.
    MaskedArray.fill_value : Return current fill value.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.int8()
    >>> ma.minimum_fill_value(a)
    127
    >>> a = np.int32()
    >>> ma.minimum_fill_value(a)
    2147483647

    An array of numeric data can also be passed.

    >>> a = np.array([1, 2, 3], dtype=np.int8)
    >>> ma.minimum_fill_value(a)
    127
    >>> a = np.array([1, 2, 3], dtype=np.float32)
    >>> ma.minimum_fill_value(a)
    inf

    """
    return _extremum_fill_value(obj, min_filler, "minimum")


def maximum_fill_value(obj):
    """
    Return the minimum value that can be represented by the dtype of an object.

    This function is useful for calculating a fill value suitable for
    taking the maximum of an array with a given dtype.

    Parameters
    ----------
    obj : ndarray, dtype or scalar
        An object that can be queried for it's numeric type.

    Returns
    -------
    val : scalar
        The minimum representable value.

    Raises
    ------
    TypeError
        If `obj` isn't a suitable numeric type.

    See Also
    --------
    minimum_fill_value : The inverse function.
    set_fill_value : Set the filling value of a masked array.
    MaskedArray.fill_value : Return current fill value.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.int8()
    >>> ma.maximum_fill_value(a)
    -128
    >>> a = np.int32()
    >>> ma.maximum_fill_value(a)
    -2147483648

    An array of numeric data can also be passed.

    >>> a = np.array([1, 2, 3], dtype=np.int8)
    >>> ma.maximum_fill_value(a)
    -128
    >>> a = np.array([1, 2, 3], dtype=np.float32)
    >>> ma.maximum_fill_value(a)
    -inf

    """
    return _extremum_fill_value(obj, max_filler, "maximum")


def _recursive_set_fill_value(fillvalue, dt):
    """
    Create a fill value for a structured dtype.

    Parameters
    ----------
    fillvalue: scalar or array_like
        Scalar or array representing the fill value. If it is of shorter
        length than the number of fields in dt, it will be resized.
    dt: dtype
        The structured dtype for which to create the fill value.

    Returns
    -------
    val: tuple
        A tuple of values corresponding to the structured fill value.

    """
    fillvalue = np.resize(fillvalue, len(dt.names))
    output_value = []
    for (fval, name) in zip(fillvalue, dt.names):
        cdtype = dt[name]
        if cdtype.subdtype:
            cdtype = cdtype.subdtype[0]

        if cdtype.names is not None:
            output_value.append(tuple(_recursive_set_fill_value(fval, cdtype)))
        else:
            output_value.append(np.array(fval, dtype=cdtype).item())
    return tuple(output_value)


def _check_fill_value(fill_value, ndtype):
    """
    Private function validating the given `fill_value` for the given dtype.

    If fill_value is None, it is set to the default corresponding to the dtype.

    If fill_value is not None, its value is forced to the given dtype.

    The result is always a 0d array.

    """
    ndtype = np.dtype(ndtype)
    if fill_value is None:
        fill_value = default_fill_value(ndtype)
    elif ndtype.names is not None:
        if isinstance(fill_value, (ndarray, np.void)):
            try:
                fill_value = np.array(fill_value, copy=False, dtype=ndtype)
            except ValueError:
                err_msg = "Unable to transform %s to dtype %s"
                raise ValueError(err_msg % (fill_value, ndtype))
        else:
            fill_value = np.asarray(fill_value, dtype=object)
            fill_value = np.array(_recursive_set_fill_value(fill_value, ndtype),
                                  dtype=ndtype)
    else:
        if isinstance(fill_value, str) and (ndtype.char not in 'OSVU'):
            # Note this check doesn't work if fill_value is not a scalar
            err_msg = "Cannot set fill value of string with array of dtype %s"
            raise TypeError(err_msg % ndtype)
        else:
            # In case we want to convert 1e20 to int.
            # Also in case of converting string arrays.
            try:
                fill_value = np.array(fill_value, copy=False, dtype=ndtype)
            except (OverflowError, ValueError):
                # Raise TypeError instead of OverflowError or ValueError.
                # OverflowError is seldom used, and the real problem here is
                # that the passed fill_value is not compatible with the ndtype.
                err_msg = "Cannot convert fill_value %s to dtype %s"
                raise TypeError(err_msg % (fill_value, ndtype))
    return np.array(fill_value)


[docs]def set_fill_value(a, fill_value):
    """
    Set the filling value of a, if a is a masked array.

    This function changes the fill value of the masked array `a` in place.
    If `a` is not a masked array, the function returns silently, without
    doing anything.

    Parameters
    ----------
    a : array_like
        Input array.
    fill_value : dtype
        Filling value. A consistency test is performed to make sure
        the value is compatible with the dtype of `a`.

    Returns
    -------
    None
        Nothing returned by this function.

    See Also
    --------
    maximum_fill_value : Return the default fill value for a dtype.
    MaskedArray.fill_value : Return current fill value.
    MaskedArray.set_fill_value : Equivalent method.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.arange(5)
    >>> a
    array([0, 1, 2, 3, 4])
    >>> a = ma.masked_where(a < 3, a)
    >>> a
    masked_array(data=[--, --, --, 3, 4],
                 mask=[ True,  True,  True, False, False],
           fill_value=999999)
    >>> ma.set_fill_value(a, -999)
    >>> a
    masked_array(data=[--, --, --, 3, 4],
                 mask=[ True,  True,  True, False, False],
           fill_value=-999)

    Nothing happens if `a` is not a masked array.

    >>> a = list(range(5))
    >>> a
    [0, 1, 2, 3, 4]
    >>> ma.set_fill_value(a, 100)
    >>> a
    [0, 1, 2, 3, 4]
    >>> a = np.arange(5)
    >>> a
    array([0, 1, 2, 3, 4])
    >>> ma.set_fill_value(a, 100)
    >>> a
    array([0, 1, 2, 3, 4])

    """
    if isinstance(a, MaskedArray):
        a.set_fill_value(fill_value)
    return



def get_fill_value(a):
    """
    Return the filling value of a, if any.  Otherwise, returns the
    default filling value for that type.

    """
    if isinstance(a, MaskedArray):
        result = a.fill_value
    else:
        result = default_fill_value(a)
    return result


[docs]def common_fill_value(a, b):
    """
    Return the common filling value of two masked arrays, if any.

    If ``a.fill_value == b.fill_value``, return the fill value,
    otherwise return None.

    Parameters
    ----------
    a, b : MaskedArray
        The masked arrays for which to compare fill values.

    Returns
    -------
    fill_value : scalar or None
        The common fill value, or None.

    Examples
    --------
    >>> x = np.ma.array([0, 1.], fill_value=3)
    >>> y = np.ma.array([0, 1.], fill_value=3)
    >>> np.ma.common_fill_value(x, y)
    3.0

    """
    t1 = get_fill_value(a)
    t2 = get_fill_value(b)
    if t1 == t2:
        return t1
    return None



[docs]def filled(a, fill_value=None):
    """
    Return input as an array with masked data replaced by a fill value.

    If `a` is not a `MaskedArray`, `a` itself is returned.
    If `a` is a `MaskedArray` and `fill_value` is None, `fill_value` is set to
    ``a.fill_value``.

    Parameters
    ----------
    a : MaskedArray or array_like
        An input object.
    fill_value : array_like, optional.
        Can be scalar or non-scalar. If non-scalar, the
        resulting filled array should be broadcastable
        over input array. Default is None.

    Returns
    -------
    a : ndarray
        The filled array.

    See Also
    --------
    compressed

    Examples
    --------
    >>> x = np.ma.array(np.arange(9).reshape(3, 3), mask=[[1, 0, 0],
    ...                                                   [1, 0, 0],
    ...                                                   [0, 0, 0]])
    >>> x.filled()
    array([[999999,      1,      2],
           [999999,      4,      5],
           [     6,      7,      8]])
    >>> x.filled(fill_value=333)
    array([[333,   1,   2],
           [333,   4,   5],
           [  6,   7,   8]])
    >>> x.filled(fill_value=np.arange(3))
    array([[0, 1, 2],
           [0, 4, 5],
           [6, 7, 8]])

    """
    if hasattr(a, 'filled'):
        return a.filled(fill_value)

    elif isinstance(a, ndarray):
        # Should we check for contiguity ? and a.flags['CONTIGUOUS']:
        return a
    elif isinstance(a, dict):
        return np.array(a, 'O')
    else:
        return np.array(a)



def get_masked_subclass(*arrays):
    """
    Return the youngest subclass of MaskedArray from a list of (masked) arrays.

    In case of siblings, the first listed takes over.

    """
    if len(arrays) == 1:
        arr = arrays[0]
        if isinstance(arr, MaskedArray):
            rcls = type(arr)
        else:
            rcls = MaskedArray
    else:
        arrcls = [type(a) for a in arrays]
        rcls = arrcls[0]
        if not issubclass(rcls, MaskedArray):
            rcls = MaskedArray
        for cls in arrcls[1:]:
            if issubclass(cls, rcls):
                rcls = cls
    # Don't return MaskedConstant as result: revert to MaskedArray
    if rcls.__name__ == 'MaskedConstant':
        return MaskedArray
    return rcls


def getdata(a, subok=True):
    """
    Return the data of a masked array as an ndarray.

    Return the data of `a` (if any) as an ndarray if `a` is a ``MaskedArray``,
    else return `a` as a ndarray or subclass (depending on `subok`) if not.

    Parameters
    ----------
    a : array_like
        Input ``MaskedArray``, alternatively a ndarray or a subclass thereof.
    subok : bool
        Whether to force the output to be a `pure` ndarray (False) or to
        return a subclass of ndarray if appropriate (True, default).

    See Also
    --------
    getmask : Return the mask of a masked array, or nomask.
    getmaskarray : Return the mask of a masked array, or full array of False.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = ma.masked_equal([[1,2],[3,4]], 2)
    >>> a
    masked_array(
      data=[[1, --],
            [3, 4]],
      mask=[[False,  True],
            [False, False]],
      fill_value=2)
    >>> ma.getdata(a)
    array([[1, 2],
           [3, 4]])

    Equivalently use the ``MaskedArray`` `data` attribute.

    >>> a.data
    array([[1, 2],
           [3, 4]])

    """
    try:
        data = a._data
    except AttributeError:
        data = np.array(a, copy=False, subok=subok)
    if not subok:
        return data.view(ndarray)
    return data


get_data = getdata


def fix_invalid(a, mask=nomask, copy=True, fill_value=None):
    """
    Return input with invalid data masked and replaced by a fill value.

    Invalid data means values of `nan`, `inf`, etc.

    Parameters
    ----------
    a : array_like
        Input array, a (subclass of) ndarray.
    mask : sequence, optional
        Mask. Must be convertible to an array of booleans with the same
        shape as `data`. True indicates a masked (i.e. invalid) data.
    copy : bool, optional
        Whether to use a copy of `a` (True) or to fix `a` in place (False).
        Default is True.
    fill_value : scalar, optional
        Value used for fixing invalid data. Default is None, in which case
        the ``a.fill_value`` is used.

    Returns
    -------
    b : MaskedArray
        The input array with invalid entries fixed.

    Notes
    -----
    A copy is performed by default.

    Examples
    --------
    >>> x = np.ma.array([1., -1, np.nan, np.inf], mask=[1] + [0]*3)
    >>> x
    masked_array(data=[--, -1.0, nan, inf],
                 mask=[ True, False, False, False],
           fill_value=1e+20)
    >>> np.ma.fix_invalid(x)
    masked_array(data=[--, -1.0, --, --],
                 mask=[ True, False,  True,  True],
           fill_value=1e+20)

    >>> fixed = np.ma.fix_invalid(x)
    >>> fixed.data
    array([ 1.e+00, -1.e+00,  1.e+20,  1.e+20])
    >>> x.data
    array([ 1., -1., nan, inf])

    """
    a = masked_array(a, copy=copy, mask=mask, subok=True)
    invalid = np.logical_not(np.isfinite(a._data))
    if not invalid.any():
        return a
    a._mask |= invalid
    if fill_value is None:
        fill_value = a.fill_value
    a._data[invalid] = fill_value
    return a

def is_string_or_list_of_strings(val):
    return (isinstance(val, str) or
            (isinstance(val, list) and val and
             builtins.all(isinstance(s, str) for s in val)))

###############################################################################
#                                  Ufuncs                                     #
###############################################################################


ufunc_domain = {}
ufunc_fills = {}


class _DomainCheckInterval:
    """
    Define a valid interval, so that :

    ``domain_check_interval(a,b)(x) == True`` where
    ``x < a`` or ``x > b``.

    """

    def __init__(self, a, b):
        "domain_check_interval(a,b)(x) = true where x < a or y > b"
        if a > b:
            (a, b) = (b, a)
        self.a = a
        self.b = b

    def __call__(self, x):
        "Execute the call behavior."
        # nans at masked positions cause RuntimeWarnings, even though
        # they are masked. To avoid this we suppress warnings.
        with np.errstate(invalid='ignore'):
            return umath.logical_or(umath.greater(x, self.b),
                                    umath.less(x, self.a))


class _DomainTan:
    """
    Define a valid interval for the `tan` function, so that:

    ``domain_tan(eps) = True`` where ``abs(cos(x)) < eps``

    """

    def __init__(self, eps):
        "domain_tan(eps) = true where abs(cos(x)) < eps)"
        self.eps = eps

    def __call__(self, x):
        "Executes the call behavior."
        with np.errstate(invalid='ignore'):
            return umath.less(umath.absolute(umath.cos(x)), self.eps)


class _DomainSafeDivide:
    """
    Define a domain for safe division.

    """

    def __init__(self, tolerance=None):
        self.tolerance = tolerance

    def __call__(self, a, b):
        # Delay the selection of the tolerance to here in order to reduce numpy
        # import times. The calculation of these parameters is a substantial
        # component of numpy's import time.
        if self.tolerance is None:
            self.tolerance = np.finfo(float).tiny
        # don't call ma ufuncs from __array_wrap__ which would fail for scalars
        a, b = np.asarray(a), np.asarray(b)
        with np.errstate(invalid='ignore'):
            return umath.absolute(a) * self.tolerance >= umath.absolute(b)


class _DomainGreater:
    """
    DomainGreater(v)(x) is True where x <= v.

    """

    def __init__(self, critical_value):
        "DomainGreater(v)(x) = true where x <= v"
        self.critical_value = critical_value

    def __call__(self, x):
        "Executes the call behavior."
        with np.errstate(invalid='ignore'):
            return umath.less_equal(x, self.critical_value)


class _DomainGreaterEqual:
    """
    DomainGreaterEqual(v)(x) is True where x < v.

    """

    def __init__(self, critical_value):
        "DomainGreaterEqual(v)(x) = true where x < v"
        self.critical_value = critical_value

    def __call__(self, x):
        "Executes the call behavior."
        with np.errstate(invalid='ignore'):
            return umath.less(x, self.critical_value)


class _MaskedUFunc:
    def __init__(self, ufunc):
        self.f = ufunc
        self.__doc__ = ufunc.__doc__
        self.__name__ = ufunc.__name__

    def __str__(self):
        return f"Masked version of {self.f}"


class _MaskedUnaryOperation(_MaskedUFunc):
    """
    Defines masked version of unary operations, where invalid values are
    pre-masked.

    Parameters
    ----------
    mufunc : callable
        The function for which to define a masked version. Made available
        as ``_MaskedUnaryOperation.f``.
    fill : scalar, optional
        Filling value, default is 0.
    domain : class instance
        Domain for the function. Should be one of the ``_Domain*``
        classes. Default is None.

    """

    def __init__(self, mufunc, fill=0, domain=None):
        super(_MaskedUnaryOperation, self).__init__(mufunc)
        self.fill = fill
        self.domain = domain
        ufunc_domain[mufunc] = domain
        ufunc_fills[mufunc] = fill

    def __call__(self, a, *args, **kwargs):
        """
        Execute the call behavior.

        """
        d = getdata(a)
        # Deal with domain
        if self.domain is not None:
            # Case 1.1. : Domained function
            # nans at masked positions cause RuntimeWarnings, even though
            # they are masked. To avoid this we suppress warnings.
            with np.errstate(divide='ignore', invalid='ignore'):
                result = self.f(d, *args, **kwargs)
            # Make a mask
            m = ~umath.isfinite(result)
            m |= self.domain(d)
            m |= getmask(a)
        else:
            # Case 1.2. : Function without a domain
            # Get the result and the mask
            with np.errstate(divide='ignore', invalid='ignore'):
                result = self.f(d, *args, **kwargs)
            m = getmask(a)

        if not result.ndim:
            # Case 2.1. : The result is scalarscalar
            if m:
                return masked
            return result

        if m is not nomask:
            # Case 2.2. The result is an array
            # We need to fill the invalid data back w/ the input Now,
            # that's plain silly: in C, we would just skip the element and
            # keep the original, but we do have to do it that way in Python

            # In case result has a lower dtype than the inputs (as in
            # equal)
            try:
                np.copyto(result, d, where=m)
            except TypeError:
                pass
        # Transform to
        masked_result = result.view(get_masked_subclass(a))
        masked_result._mask = m
        masked_result._update_from(a)
        return masked_result


class _MaskedBinaryOperation(_MaskedUFunc):
    """
    Define masked version of binary operations, where invalid
    values are pre-masked.

    Parameters
    ----------
    mbfunc : function
        The function for which to define a masked version. Made available
        as ``_MaskedBinaryOperation.f``.
    domain : class instance
        Default domain for the function. Should be one of the ``_Domain*``
        classes. Default is None.
    fillx : scalar, optional
        Filling value for the first argument, default is 0.
    filly : scalar, optional
        Filling value for the second argument, default is 0.

    """

    def __init__(self, mbfunc, fillx=0, filly=0):
        """
        abfunc(fillx, filly) must be defined.

        abfunc(x, filly) = x for all x to enable reduce.

        """
        super(_MaskedBinaryOperation, self).__init__(mbfunc)
        self.fillx = fillx
        self.filly = filly
        ufunc_domain[mbfunc] = None
        ufunc_fills[mbfunc] = (fillx, filly)

    def __call__(self, a, b, *args, **kwargs):
        """
        Execute the call behavior.

        """
        # Get the data, as ndarray
        (da, db) = (getdata(a), getdata(b))
        # Get the result
        with np.errstate():
            np.seterr(divide='ignore', invalid='ignore')
            result = self.f(da, db, *args, **kwargs)
        # Get the mask for the result
        (ma, mb) = (getmask(a), getmask(b))
        if ma is nomask:
            if mb is nomask:
                m = nomask
            else:
                m = umath.logical_or(getmaskarray(a), mb)
        elif mb is nomask:
            m = umath.logical_or(ma, getmaskarray(b))
        else:
            m = umath.logical_or(ma, mb)

        # Case 1. : scalar
        if not result.ndim:
            if m:
                return masked
            return result

        # Case 2. : array
        # Revert result to da where masked
        if m is not nomask and m.any():
            # any errors, just abort; impossible to guarantee masked values
            try:
                np.copyto(result, da, casting='unsafe', where=m)
            except Exception:
                pass

        # Transforms to a (subclass of) MaskedArray
        masked_result = result.view(get_masked_subclass(a, b))
        masked_result._mask = m
        if isinstance(a, MaskedArray):
            masked_result._update_from(a)
        elif isinstance(b, MaskedArray):
            masked_result._update_from(b)
        return masked_result

    def reduce(self, target, axis=0, dtype=None):
        """
        Reduce `target` along the given `axis`.

        """
        tclass = get_masked_subclass(target)
        m = getmask(target)
        t = filled(target, self.filly)
        if t.shape == ():
            t = t.reshape(1)
            if m is not nomask:
                m = make_mask(m, copy=True)
                m.shape = (1,)

        if m is nomask:
            tr = self.f.reduce(t, axis)
            mr = nomask
        else:
            tr = self.f.reduce(t, axis, dtype=dtype or t.dtype)
            mr = umath.logical_and.reduce(m, axis)

        if not tr.shape:
            if mr:
                return masked
            else:
                return tr
        masked_tr = tr.view(tclass)
        masked_tr._mask = mr
        return masked_tr

    def outer(self, a, b):
        """
        Return the function applied to the outer product of a and b.

        """
        (da, db) = (getdata(a), getdata(b))
        d = self.f.outer(da, db)
        ma = getmask(a)
        mb = getmask(b)
        if ma is nomask and mb is nomask:
            m = nomask
        else:
            ma = getmaskarray(a)
            mb = getmaskarray(b)
            m = umath.logical_or.outer(ma, mb)
        if (not m.ndim) and m:
            return masked
        if m is not nomask:
            np.copyto(d, da, where=m)
        if not d.shape:
            return d
        masked_d = d.view(get_masked_subclass(a, b))
        masked_d._mask = m
        return masked_d

    def accumulate(self, target, axis=0):
        """Accumulate `target` along `axis` after filling with y fill
        value.

        """
        tclass = get_masked_subclass(target)
        t = filled(target, self.filly)
        result = self.f.accumulate(t, axis)
        masked_result = result.view(tclass)
        return masked_result



class _DomainedBinaryOperation(_MaskedUFunc):
    """
    Define binary operations that have a domain, like divide.

    They have no reduce, outer or accumulate.

    Parameters
    ----------
    mbfunc : function
        The function for which to define a masked version. Made available
        as ``_DomainedBinaryOperation.f``.
    domain : class instance
        Default domain for the function. Should be one of the ``_Domain*``
        classes.
    fillx : scalar, optional
        Filling value for the first argument, default is 0.
    filly : scalar, optional
        Filling value for the second argument, default is 0.

    """

    def __init__(self, dbfunc, domain, fillx=0, filly=0):
        """abfunc(fillx, filly) must be defined.
           abfunc(x, filly) = x for all x to enable reduce.
        """
        super(_DomainedBinaryOperation, self).__init__(dbfunc)
        self.domain = domain
        self.fillx = fillx
        self.filly = filly
        ufunc_domain[dbfunc] = domain
        ufunc_fills[dbfunc] = (fillx, filly)

    def __call__(self, a, b, *args, **kwargs):
        "Execute the call behavior."
        # Get the data
        (da, db) = (getdata(a), getdata(b))
        # Get the result
        with np.errstate(divide='ignore', invalid='ignore'):
            result = self.f(da, db, *args, **kwargs)
        # Get the mask as a combination of the source masks and invalid
        m = ~umath.isfinite(result)
        m |= getmask(a)
        m |= getmask(b)
        # Apply the domain
        domain = ufunc_domain.get(self.f, None)
        if domain is not None:
            m |= domain(da, db)
        # Take care of the scalar case first
        if not m.ndim:
            if m:
                return masked
            else:
                return result
        # When the mask is True, put back da if possible
        # any errors, just abort; impossible to guarantee masked values
        try:
            np.copyto(result, 0, casting='unsafe', where=m)
            # avoid using "*" since this may be overlaid
            masked_da = umath.multiply(m, da)
            # only add back if it can be cast safely
            if np.can_cast(masked_da.dtype, result.dtype, casting='safe'):
                result += masked_da
        except Exception:
            pass

        # Transforms to a (subclass of) MaskedArray
        masked_result = result.view(get_masked_subclass(a, b))
        masked_result._mask = m
        if isinstance(a, MaskedArray):
            masked_result._update_from(a)
        elif isinstance(b, MaskedArray):
            masked_result._update_from(b)
        return masked_result


# Unary ufuncs
exp = _MaskedUnaryOperation(umath.exp)
conjugate = _MaskedUnaryOperation(umath.conjugate)
sin = _MaskedUnaryOperation(umath.sin)
cos = _MaskedUnaryOperation(umath.cos)
arctan = _MaskedUnaryOperation(umath.arctan)
arcsinh = _MaskedUnaryOperation(umath.arcsinh)
sinh = _MaskedUnaryOperation(umath.sinh)
cosh = _MaskedUnaryOperation(umath.cosh)
tanh = _MaskedUnaryOperation(umath.tanh)
abs = absolute = _MaskedUnaryOperation(umath.absolute)
angle = _MaskedUnaryOperation(angle)  # from numpy.lib.function_base
fabs = _MaskedUnaryOperation(umath.fabs)
negative = _MaskedUnaryOperation(umath.negative)
floor = _MaskedUnaryOperation(umath.floor)
ceil = _MaskedUnaryOperation(umath.ceil)
around = _MaskedUnaryOperation(np.round_)
logical_not = _MaskedUnaryOperation(umath.logical_not)

# Domained unary ufuncs
sqrt = _MaskedUnaryOperation(umath.sqrt, 0.0,
                             _DomainGreaterEqual(0.0))
log = _MaskedUnaryOperation(umath.log, 1.0,
                            _DomainGreater(0.0))
log2 = _MaskedUnaryOperation(umath.log2, 1.0,
                             _DomainGreater(0.0))
log10 = _MaskedUnaryOperation(umath.log10, 1.0,
                              _DomainGreater(0.0))
tan = _MaskedUnaryOperation(umath.tan, 0.0,
                            _DomainTan(1e-35))
arcsin = _MaskedUnaryOperation(umath.arcsin, 0.0,
                               _DomainCheckInterval(-1.0, 1.0))
arccos = _MaskedUnaryOperation(umath.arccos, 0.0,
                               _DomainCheckInterval(-1.0, 1.0))
arccosh = _MaskedUnaryOperation(umath.arccosh, 1.0,
                                _DomainGreaterEqual(1.0))
arctanh = _MaskedUnaryOperation(umath.arctanh, 0.0,
                                _DomainCheckInterval(-1.0 + 1e-15, 1.0 - 1e-15))

# Binary ufuncs
add = _MaskedBinaryOperation(umath.add)
subtract = _MaskedBinaryOperation(umath.subtract)
multiply = _MaskedBinaryOperation(umath.multiply, 1, 1)
arctan2 = _MaskedBinaryOperation(umath.arctan2, 0.0, 1.0)
equal = _MaskedBinaryOperation(umath.equal)
equal.reduce = None
not_equal = _MaskedBinaryOperation(umath.not_equal)
not_equal.reduce = None
less_equal = _MaskedBinaryOperation(umath.less_equal)
less_equal.reduce = None
greater_equal = _MaskedBinaryOperation(umath.greater_equal)
greater_equal.reduce = None
less = _MaskedBinaryOperation(umath.less)
less.reduce = None
greater = _MaskedBinaryOperation(umath.greater)
greater.reduce = None
logical_and = _MaskedBinaryOperation(umath.logical_and)
alltrue = _MaskedBinaryOperation(umath.logical_and, 1, 1).reduce
logical_or = _MaskedBinaryOperation(umath.logical_or)
sometrue = logical_or.reduce
logical_xor = _MaskedBinaryOperation(umath.logical_xor)
bitwise_and = _MaskedBinaryOperation(umath.bitwise_and)
bitwise_or = _MaskedBinaryOperation(umath.bitwise_or)
bitwise_xor = _MaskedBinaryOperation(umath.bitwise_xor)
hypot = _MaskedBinaryOperation(umath.hypot)

# Domained binary ufuncs
divide = _DomainedBinaryOperation(umath.divide, _DomainSafeDivide(), 0, 1)
true_divide = _DomainedBinaryOperation(umath.true_divide,
                                       _DomainSafeDivide(), 0, 1)
floor_divide = _DomainedBinaryOperation(umath.floor_divide,
                                        _DomainSafeDivide(), 0, 1)
remainder = _DomainedBinaryOperation(umath.remainder,
                                     _DomainSafeDivide(), 0, 1)
fmod = _DomainedBinaryOperation(umath.fmod, _DomainSafeDivide(), 0, 1)
mod = _DomainedBinaryOperation(umath.mod, _DomainSafeDivide(), 0, 1)


###############################################################################
#                        Mask creation functions                              #
###############################################################################


def _replace_dtype_fields_recursive(dtype, primitive_dtype):
    "Private function allowing recursion in _replace_dtype_fields."
    _recurse = _replace_dtype_fields_recursive

    # Do we have some name fields ?
    if dtype.names is not None:
        descr = []
        for name in dtype.names:
            field = dtype.fields[name]
            if len(field) == 3:
                # Prepend the title to the name
                name = (field[-1], name)
            descr.append((name, _recurse(field[0], primitive_dtype)))
        new_dtype = np.dtype(descr)

    # Is this some kind of composite a la (float,2)
    elif dtype.subdtype:
        descr = list(dtype.subdtype)
        descr[0] = _recurse(dtype.subdtype[0], primitive_dtype)
        new_dtype = np.dtype(tuple(descr))

    # this is a primitive type, so do a direct replacement
    else:
        new_dtype = primitive_dtype

    # preserve identity of dtypes
    if new_dtype == dtype:
        new_dtype = dtype

    return new_dtype


def _replace_dtype_fields(dtype, primitive_dtype):
    """
    Construct a dtype description list from a given dtype.

    Returns a new dtype object, with all fields and subtypes in the given type
    recursively replaced with `primitive_dtype`.

    Arguments are coerced to dtypes first.
    """
    dtype = np.dtype(dtype)
    primitive_dtype = np.dtype(primitive_dtype)
    return _replace_dtype_fields_recursive(dtype, primitive_dtype)


def make_mask_descr(ndtype):
    """
    Construct a dtype description list from a given dtype.

    Returns a new dtype object, with the type of all fields in `ndtype` to a
    boolean type. Field names are not altered.

    Parameters
    ----------
    ndtype : dtype
        The dtype to convert.

    Returns
    -------
    result : dtype
        A dtype that looks like `ndtype`, the type of all fields is boolean.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> dtype = np.dtype({'names':['foo', 'bar'],
    ...                   'formats':[np.float32, np.int64]})
    >>> dtype
    dtype([('foo', '<f4'), ('bar', '<i8')])
    >>> ma.make_mask_descr(dtype)
    dtype([('foo', '|b1'), ('bar', '|b1')])
    >>> ma.make_mask_descr(np.float32)
    dtype('bool')

    """
    return _replace_dtype_fields(ndtype, MaskType)


[docs]def getmask(a):
    """
    Return the mask of a masked array, or nomask.

    Return the mask of `a` as an ndarray if `a` is a `MaskedArray` and the
    mask is not `nomask`, else return `nomask`. To guarantee a full array
    of booleans of the same shape as a, use `getmaskarray`.

    Parameters
    ----------
    a : array_like
        Input `MaskedArray` for which the mask is required.

    See Also
    --------
    getdata : Return the data of a masked array as an ndarray.
    getmaskarray : Return the mask of a masked array, or full array of False.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = ma.masked_equal([[1,2],[3,4]], 2)
    >>> a
    masked_array(
      data=[[1, --],
            [3, 4]],
      mask=[[False,  True],
            [False, False]],
      fill_value=2)
    >>> ma.getmask(a)
    array([[False,  True],
           [False, False]])

    Equivalently use the `MaskedArray` `mask` attribute.

    >>> a.mask
    array([[False,  True],
           [False, False]])

    Result when mask == `nomask`

    >>> b = ma.masked_array([[1,2],[3,4]])
    >>> b
    masked_array(
      data=[[1, 2],
            [3, 4]],
      mask=False,
      fill_value=999999)
    >>> ma.nomask
    False
    >>> ma.getmask(b) == ma.nomask
    True
    >>> b.mask == ma.nomask
    True

    """
    return getattr(a, '_mask', nomask)



get_mask = getmask


[docs]def getmaskarray(arr):
    """
    Return the mask of a masked array, or full boolean array of False.

    Return the mask of `arr` as an ndarray if `arr` is a `MaskedArray` and
    the mask is not `nomask`, else return a full boolean array of False of
    the same shape as `arr`.

    Parameters
    ----------
    arr : array_like
        Input `MaskedArray` for which the mask is required.

    See Also
    --------
    getmask : Return the mask of a masked array, or nomask.
    getdata : Return the data of a masked array as an ndarray.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = ma.masked_equal([[1,2],[3,4]], 2)
    >>> a
    masked_array(
      data=[[1, --],
            [3, 4]],
      mask=[[False,  True],
            [False, False]],
      fill_value=2)
    >>> ma.getmaskarray(a)
    array([[False,  True],
           [False, False]])

    Result when mask == ``nomask``

    >>> b = ma.masked_array([[1,2],[3,4]])
    >>> b
    masked_array(
      data=[[1, 2],
            [3, 4]],
      mask=False,
      fill_value=999999)
    >>> ma.getmaskarray(b)
    array([[False, False],
           [False, False]])

    """
    mask = getmask(arr)
    if mask is nomask:
        mask = make_mask_none(np.shape(arr), getattr(arr, 'dtype', None))
    return mask



[docs]def is_mask(m):
    """
    Return True if m is a valid, standard mask.

    This function does not check the contents of the input, only that the
    type is MaskType. In particular, this function returns False if the
    mask has a flexible dtype.

    Parameters
    ----------
    m : array_like
        Array to test.

    Returns
    -------
    result : bool
        True if `m.dtype.type` is MaskType, False otherwise.

    See Also
    --------
    isMaskedArray : Test whether input is an instance of MaskedArray.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> m = ma.masked_equal([0, 1, 0, 2, 3], 0)
    >>> m
    masked_array(data=[--, 1, --, 2, 3],
                 mask=[ True, False,  True, False, False],
           fill_value=0)
    >>> ma.is_mask(m)
    False
    >>> ma.is_mask(m.mask)
    True

    Input must be an ndarray (or have similar attributes)
    for it to be considered a valid mask.

    >>> m = [False, True, False]
    >>> ma.is_mask(m)
    False
    >>> m = np.array([False, True, False])
    >>> m
    array([False,  True, False])
    >>> ma.is_mask(m)
    True

    Arrays with complex dtypes don't return True.

    >>> dtype = np.dtype({'names':['monty', 'pithon'],
    ...                   'formats':[bool, bool]})
    >>> dtype
    dtype([('monty', '|b1'), ('pithon', '|b1')])
    >>> m = np.array([(True, False), (False, True), (True, False)],
    ...              dtype=dtype)
    >>> m
    array([( True, False), (False,  True), ( True, False)],
          dtype=[('monty', '?'), ('pithon', '?')])
    >>> ma.is_mask(m)
    False

    """
    try:
        return m.dtype.type is MaskType
    except AttributeError:
        return False



def _shrink_mask(m):
    """
    Shrink a mask to nomask if possible
    """
    if m.dtype.names is None and not m.any():
        return nomask
    else:
        return m


[docs]def make_mask(m, copy=False, shrink=True, dtype=MaskType):
    """
    Create a boolean mask from an array.

    Return `m` as a boolean mask, creating a copy if necessary or requested.
    The function can accept any sequence that is convertible to integers,
    or ``nomask``.  Does not require that contents must be 0s and 1s, values
    of 0 are interpreted as False, everything else as True.

    Parameters
    ----------
    m : array_like
        Potential mask.
    copy : bool, optional
        Whether to return a copy of `m` (True) or `m` itself (False).
    shrink : bool, optional
        Whether to shrink `m` to ``nomask`` if all its values are False.
    dtype : dtype, optional
        Data-type of the output mask. By default, the output mask has a
        dtype of MaskType (bool). If the dtype is flexible, each field has
        a boolean dtype. This is ignored when `m` is ``nomask``, in which
        case ``nomask`` is always returned.

    Returns
    -------
    result : ndarray
        A boolean mask derived from `m`.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> m = [True, False, True, True]
    >>> ma.make_mask(m)
    array([ True, False,  True,  True])
    >>> m = [1, 0, 1, 1]
    >>> ma.make_mask(m)
    array([ True, False,  True,  True])
    >>> m = [1, 0, 2, -3]
    >>> ma.make_mask(m)
    array([ True, False,  True,  True])

    Effect of the `shrink` parameter.

    >>> m = np.zeros(4)
    >>> m
    array([0., 0., 0., 0.])
    >>> ma.make_mask(m)
    False
    >>> ma.make_mask(m, shrink=False)
    array([False, False, False, False])

    Using a flexible `dtype`.

    >>> m = [1, 0, 1, 1]
    >>> n = [0, 1, 0, 0]
    >>> arr = []
    >>> for man, mouse in zip(m, n):
    ...     arr.append((man, mouse))
    >>> arr
    [(1, 0), (0, 1), (1, 0), (1, 0)]
    >>> dtype = np.dtype({'names':['man', 'mouse'],
    ...                   'formats':[np.int64, np.int64]})
    >>> arr = np.array(arr, dtype=dtype)
    >>> arr
    array([(1, 0), (0, 1), (1, 0), (1, 0)],
          dtype=[('man', '<i8'), ('mouse', '<i8')])
    >>> ma.make_mask(arr, dtype=dtype)
    array([(True, False), (False, True), (True, False), (True, False)],
          dtype=[('man', '|b1'), ('mouse', '|b1')])

    """
    if m is nomask:
        return nomask

    # Make sure the input dtype is valid.
    dtype = make_mask_descr(dtype)

    # legacy boolean special case: "existence of fields implies true"
    if isinstance(m, ndarray) and m.dtype.fields and dtype == np.bool_:
        return np.ones(m.shape, dtype=dtype)

    # Fill the mask in case there are missing data; turn it into an ndarray.
    result = np.array(filled(m, True), copy=copy, dtype=dtype, subok=True)
    # Bas les masques !
    if shrink:
        result = _shrink_mask(result)
    return result



[docs]def make_mask_none(newshape, dtype=None):
    """
    Return a boolean mask of the given shape, filled with False.

    This function returns a boolean ndarray with all entries False, that can
    be used in common mask manipulations. If a complex dtype is specified, the
    type of each field is converted to a boolean type.

    Parameters
    ----------
    newshape : tuple
        A tuple indicating the shape of the mask.
    dtype : {None, dtype}, optional
        If None, use a MaskType instance. Otherwise, use a new datatype with
        the same fields as `dtype`, converted to boolean types.

    Returns
    -------
    result : ndarray
        An ndarray of appropriate shape and dtype, filled with False.

    See Also
    --------
    make_mask : Create a boolean mask from an array.
    make_mask_descr : Construct a dtype description list from a given dtype.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> ma.make_mask_none((3,))
    array([False, False, False])

    Defining a more complex dtype.

    >>> dtype = np.dtype({'names':['foo', 'bar'],
    ...                   'formats':[np.float32, np.int64]})
    >>> dtype
    dtype([('foo', '<f4'), ('bar', '<i8')])
    >>> ma.make_mask_none((3,), dtype=dtype)
    array([(False, False), (False, False), (False, False)],
          dtype=[('foo', '|b1'), ('bar', '|b1')])

    """
    if dtype is None:
        result = np.zeros(newshape, dtype=MaskType)
    else:
        result = np.zeros(newshape, dtype=make_mask_descr(dtype))
    return result



[docs]def mask_or(m1, m2, copy=False, shrink=True):
    """
    Combine two masks with the ``logical_or`` operator.

    The result may be a view on `m1` or `m2` if the other is `nomask`
    (i.e. False).

    Parameters
    ----------
    m1, m2 : array_like
        Input masks.
    copy : bool, optional
        If copy is False and one of the inputs is `nomask`, return a view
        of the other input mask. Defaults to False.
    shrink : bool, optional
        Whether to shrink the output to `nomask` if all its values are
        False. Defaults to True.

    Returns
    -------
    mask : output mask
        The result masks values that are masked in either `m1` or `m2`.

    Raises
    ------
    ValueError
        If `m1` and `m2` have different flexible dtypes.

    Examples
    --------
    >>> m1 = np.ma.make_mask([0, 1, 1, 0])
    >>> m2 = np.ma.make_mask([1, 0, 0, 0])
    >>> np.ma.mask_or(m1, m2)
    array([ True,  True,  True, False])

    """

    @recursive
    def _recursive_mask_or(self, m1, m2, newmask):
        names = m1.dtype.names
        for name in names:
            current1 = m1[name]
            if current1.dtype.names is not None:
                self(current1, m2[name], newmask[name])
            else:
                umath.logical_or(current1, m2[name], newmask[name])
        return

    if (m1 is nomask) or (m1 is False):
        dtype = getattr(m2, 'dtype', MaskType)
        return make_mask(m2, copy=copy, shrink=shrink, dtype=dtype)
    if (m2 is nomask) or (m2 is False):
        dtype = getattr(m1, 'dtype', MaskType)
        return make_mask(m1, copy=copy, shrink=shrink, dtype=dtype)
    if m1 is m2 and is_mask(m1):
        return m1
    (dtype1, dtype2) = (getattr(m1, 'dtype', None), getattr(m2, 'dtype', None))
    if dtype1 != dtype2:
        raise ValueError("Incompatible dtypes '%s'<>'%s'" % (dtype1, dtype2))
    if dtype1.names is not None:
        # Allocate an output mask array with the properly broadcast shape.
        newmask = np.empty(np.broadcast(m1, m2).shape, dtype1)
        _recursive_mask_or(m1, m2, newmask)
        return newmask
    return make_mask(umath.logical_or(m1, m2), copy=copy, shrink=shrink)



def flatten_mask(mask):
    """
    Returns a completely flattened version of the mask, where nested fields
    are collapsed.

    Parameters
    ----------
    mask : array_like
        Input array, which will be interpreted as booleans.

    Returns
    -------
    flattened_mask : ndarray of bools
        The flattened input.

    Examples
    --------
    >>> mask = np.array([0, 0, 1])
    >>> np.ma.flatten_mask(mask)
    array([False, False,  True])

    >>> mask = np.array([(0, 0), (0, 1)], dtype=[('a', bool), ('b', bool)])
    >>> np.ma.flatten_mask(mask)
    array([False, False, False,  True])

    >>> mdtype = [('a', bool), ('b', [('ba', bool), ('bb', bool)])]
    >>> mask = np.array([(0, (0, 0)), (0, (0, 1))], dtype=mdtype)
    >>> np.ma.flatten_mask(mask)
    array([False, False, False, False, False,  True])

    """

    def _flatmask(mask):
        "Flatten the mask and returns a (maybe nested) sequence of booleans."
        mnames = mask.dtype.names
        if mnames is not None:
            return [flatten_mask(mask[name]) for name in mnames]
        else:
            return mask

    def _flatsequence(sequence):
        "Generates a flattened version of the sequence."
        try:
            for element in sequence:
                if hasattr(element, '__iter__'):
                    yield from _flatsequence(element)
                else:
                    yield element
        except TypeError:
            yield sequence

    mask = np.asarray(mask)
    flattened = _flatsequence(_flatmask(mask))
    return np.array([_ for _ in flattened], dtype=bool)


def _check_mask_axis(mask, axis, keepdims=np._NoValue):
    "Check whether there are masked values along the given axis"
    kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}
    if mask is not nomask:
        return mask.all(axis=axis, **kwargs)
    return nomask


###############################################################################
#                             Masking functions                               #
###############################################################################

def masked_where(condition, a, copy=True):
    """
    Mask an array where a condition is met.

    Return `a` as an array masked where `condition` is True.
    Any masked values of `a` or `condition` are also masked in the output.

    Parameters
    ----------
    condition : array_like
        Masking condition.  When `condition` tests floating point values for
        equality, consider using ``masked_values`` instead.
    a : array_like
        Array to mask.
    copy : bool
        If True (default) make a copy of `a` in the result.  If False modify
        `a` in place and return a view.

    Returns
    -------
    result : MaskedArray
        The result of masking `a` where `condition` is True.

    See Also
    --------
    masked_values : Mask using floating point equality.
    masked_equal : Mask where equal to a given value.
    masked_not_equal : Mask where `not` equal to a given value.
    masked_less_equal : Mask where less than or equal to a given value.
    masked_greater_equal : Mask where greater than or equal to a given value.
    masked_less : Mask where less than a given value.
    masked_greater : Mask where greater than a given value.
    masked_inside : Mask inside a given interval.
    masked_outside : Mask outside a given interval.
    masked_invalid : Mask invalid values (NaNs or infs).

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.arange(4)
    >>> a
    array([0, 1, 2, 3])
    >>> ma.masked_where(a <= 2, a)
    masked_array(data=[--, --, --, 3],
                 mask=[ True,  True,  True, False],
           fill_value=999999)

    Mask array `b` conditional on `a`.

    >>> b = ['a', 'b', 'c', 'd']
    >>> ma.masked_where(a == 2, b)
    masked_array(data=['a', 'b', --, 'd'],
                 mask=[False, False,  True, False],
           fill_value='N/A',
                dtype='<U1')

    Effect of the `copy` argument.

    >>> c = ma.masked_where(a <= 2, a)
    >>> c
    masked_array(data=[--, --, --, 3],
                 mask=[ True,  True,  True, False],
           fill_value=999999)
    >>> c[0] = 99
    >>> c
    masked_array(data=[99, --, --, 3],
                 mask=[False,  True,  True, False],
           fill_value=999999)
    >>> a
    array([0, 1, 2, 3])
    >>> c = ma.masked_where(a <= 2, a, copy=False)
    >>> c[0] = 99
    >>> c
    masked_array(data=[99, --, --, 3],
                 mask=[False,  True,  True, False],
           fill_value=999999)
    >>> a
    array([99,  1,  2,  3])

    When `condition` or `a` contain masked values.

    >>> a = np.arange(4)
    >>> a = ma.masked_where(a == 2, a)
    >>> a
    masked_array(data=[0, 1, --, 3],
                 mask=[False, False,  True, False],
           fill_value=999999)
    >>> b = np.arange(4)
    >>> b = ma.masked_where(b == 0, b)
    >>> b
    masked_array(data=[--, 1, 2, 3],
                 mask=[ True, False, False, False],
           fill_value=999999)
    >>> ma.masked_where(a == 3, b)
    masked_array(data=[--, 1, --, --],
                 mask=[ True, False,  True,  True],
           fill_value=999999)

    """
    # Make sure that condition is a valid standard-type mask.
    cond = make_mask(condition, shrink=False)
    a = np.array(a, copy=copy, subok=True)

    (cshape, ashape) = (cond.shape, a.shape)
    if cshape and cshape != ashape:
        raise IndexError("Inconsistent shape between the condition and the input"
                         " (got %s and %s)" % (cshape, ashape))
    if hasattr(a, '_mask'):
        cond = mask_or(cond, a._mask)
        cls = type(a)
    else:
        cls = MaskedArray
    result = a.view(cls)
    # Assign to *.mask so that structured masks are handled correctly.
    result.mask = _shrink_mask(cond)
    return result


def masked_greater(x, value, copy=True):
    """
    Mask an array where greater than a given value.

    This function is a shortcut to ``masked_where``, with
    `condition` = (x > value).

    See Also
    --------
    masked_where : Mask where a condition is met.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.arange(4)
    >>> a
    array([0, 1, 2, 3])
    >>> ma.masked_greater(a, 2)
    masked_array(data=[0, 1, 2, --],
                 mask=[False, False, False,  True],
           fill_value=999999)

    """
    return masked_where(greater(x, value), x, copy=copy)


def masked_greater_equal(x, value, copy=True):
    """
    Mask an array where greater than or equal to a given value.

    This function is a shortcut to ``masked_where``, with
    `condition` = (x >= value).

    See Also
    --------
    masked_where : Mask where a condition is met.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.arange(4)
    >>> a
    array([0, 1, 2, 3])
    >>> ma.masked_greater_equal(a, 2)
    masked_array(data=[0, 1, --, --],
                 mask=[False, False,  True,  True],
           fill_value=999999)

    """
    return masked_where(greater_equal(x, value), x, copy=copy)


def masked_less(x, value, copy=True):
    """
    Mask an array where less than a given value.

    This function is a shortcut to ``masked_where``, with
    `condition` = (x < value).

    See Also
    --------
    masked_where : Mask where a condition is met.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.arange(4)
    >>> a
    array([0, 1, 2, 3])
    >>> ma.masked_less(a, 2)
    masked_array(data=[--, --, 2, 3],
                 mask=[ True,  True, False, False],
           fill_value=999999)

    """
    return masked_where(less(x, value), x, copy=copy)


def masked_less_equal(x, value, copy=True):
    """
    Mask an array where less than or equal to a given value.

    This function is a shortcut to ``masked_where``, with
    `condition` = (x <= value).

    See Also
    --------
    masked_where : Mask where a condition is met.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.arange(4)
    >>> a
    array([0, 1, 2, 3])
    >>> ma.masked_less_equal(a, 2)
    masked_array(data=[--, --, --, 3],
                 mask=[ True,  True,  True, False],
           fill_value=999999)

    """
    return masked_where(less_equal(x, value), x, copy=copy)


def masked_not_equal(x, value, copy=True):
    """
    Mask an array where `not` equal to a given value.

    This function is a shortcut to ``masked_where``, with
    `condition` = (x != value).

    See Also
    --------
    masked_where : Mask where a condition is met.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.arange(4)
    >>> a
    array([0, 1, 2, 3])
    >>> ma.masked_not_equal(a, 2)
    masked_array(data=[--, --, 2, --],
                 mask=[ True,  True, False,  True],
           fill_value=999999)

    """
    return masked_where(not_equal(x, value), x, copy=copy)


def masked_equal(x, value, copy=True):
    """
    Mask an array where equal to a given value.

    This function is a shortcut to ``masked_where``, with
    `condition` = (x == value).  For floating point arrays,
    consider using ``masked_values(x, value)``.

    See Also
    --------
    masked_where : Mask where a condition is met.
    masked_values : Mask using floating point equality.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.arange(4)
    >>> a
    array([0, 1, 2, 3])
    >>> ma.masked_equal(a, 2)
    masked_array(data=[0, 1, --, 3],
                 mask=[False, False,  True, False],
           fill_value=2)

    """
    output = masked_where(equal(x, value), x, copy=copy)
    output.fill_value = value
    return output


def masked_inside(x, v1, v2, copy=True):
    """
    Mask an array inside a given interval.

    Shortcut to ``masked_where``, where `condition` is True for `x` inside
    the interval [v1,v2] (v1 <= x <= v2).  The boundaries `v1` and `v2`
    can be given in either order.

    See Also
    --------
    masked_where : Mask where a condition is met.

    Notes
    -----
    The array `x` is prefilled with its filling value.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> x = [0.31, 1.2, 0.01, 0.2, -0.4, -1.1]
    >>> ma.masked_inside(x, -0.3, 0.3)
    masked_array(data=[0.31, 1.2, --, --, -0.4, -1.1],
                 mask=[False, False,  True,  True, False, False],
           fill_value=1e+20)

    The order of `v1` and `v2` doesn't matter.

    >>> ma.masked_inside(x, 0.3, -0.3)
    masked_array(data=[0.31, 1.2, --, --, -0.4, -1.1],
                 mask=[False, False,  True,  True, False, False],
           fill_value=1e+20)

    """
    if v2 < v1:
        (v1, v2) = (v2, v1)
    xf = filled(x)
    condition = (xf >= v1) & (xf <= v2)
    return masked_where(condition, x, copy=copy)


def masked_outside(x, v1, v2, copy=True):
    """
    Mask an array outside a given interval.

    Shortcut to ``masked_where``, where `condition` is True for `x` outside
    the interval [v1,v2] (x < v1)|(x > v2).
    The boundaries `v1` and `v2` can be given in either order.

    See Also
    --------
    masked_where : Mask where a condition is met.

    Notes
    -----
    The array `x` is prefilled with its filling value.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> x = [0.31, 1.2, 0.01, 0.2, -0.4, -1.1]
    >>> ma.masked_outside(x, -0.3, 0.3)
    masked_array(data=[--, --, 0.01, 0.2, --, --],
                 mask=[ True,  True, False, False,  True,  True],
           fill_value=1e+20)

    The order of `v1` and `v2` doesn't matter.

    >>> ma.masked_outside(x, 0.3, -0.3)
    masked_array(data=[--, --, 0.01, 0.2, --, --],
                 mask=[ True,  True, False, False,  True,  True],
           fill_value=1e+20)

    """
    if v2 < v1:
        (v1, v2) = (v2, v1)
    xf = filled(x)
    condition = (xf < v1) | (xf > v2)
    return masked_where(condition, x, copy=copy)


def masked_object(x, value, copy=True, shrink=True):
    """
    Mask the array `x` where the data are exactly equal to value.

    This function is similar to `masked_values`, but only suitable
    for object arrays: for floating point, use `masked_values` instead.

    Parameters
    ----------
    x : array_like
        Array to mask
    value : object
        Comparison value
    copy : {True, False}, optional
        Whether to return a copy of `x`.
    shrink : {True, False}, optional
        Whether to collapse a mask full of False to nomask

    Returns
    -------
    result : MaskedArray
        The result of masking `x` where equal to `value`.

    See Also
    --------
    masked_where : Mask where a condition is met.
    masked_equal : Mask where equal to a given value (integers).
    masked_values : Mask using floating point equality.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> food = np.array(['green_eggs', 'ham'], dtype=object)
    >>> # don't eat spoiled food
    >>> eat = ma.masked_object(food, 'green_eggs')
    >>> eat
    masked_array(data=[--, 'ham'],
                 mask=[ True, False],
           fill_value='green_eggs',
                dtype=object)
    >>> # plain ol` ham is boring
    >>> fresh_food = np.array(['cheese', 'ham', 'pineapple'], dtype=object)
    >>> eat = ma.masked_object(fresh_food, 'green_eggs')
    >>> eat
    masked_array(data=['cheese', 'ham', 'pineapple'],
                 mask=False,
           fill_value='green_eggs',
                dtype=object)

    Note that `mask` is set to ``nomask`` if possible.

    >>> eat
    masked_array(data=['cheese', 'ham', 'pineapple'],
                 mask=False,
           fill_value='green_eggs',
                dtype=object)

    """
    if isMaskedArray(x):
        condition = umath.equal(x._data, value)
        mask = x._mask
    else:
        condition = umath.equal(np.asarray(x), value)
        mask = nomask
    mask = mask_or(mask, make_mask(condition, shrink=shrink))
    return masked_array(x, mask=mask, copy=copy, fill_value=value)


def masked_values(x, value, rtol=1e-5, atol=1e-8, copy=True, shrink=True):
    """
    Mask using floating point equality.

    Return a MaskedArray, masked where the data in array `x` are approximately
    equal to `value`, determined using `isclose`. The default tolerances for
    `masked_values` are the same as those for `isclose`.

    For integer types, exact equality is used, in the same way as
    `masked_equal`.

    The fill_value is set to `value` and the mask is set to ``nomask`` if
    possible.

    Parameters
    ----------
    x : array_like
        Array to mask.
    value : float
        Masking value.
    rtol, atol : float, optional
        Tolerance parameters passed on to `isclose`
    copy : bool, optional
        Whether to return a copy of `x`.
    shrink : bool, optional
        Whether to collapse a mask full of False to ``nomask``.

    Returns
    -------
    result : MaskedArray
        The result of masking `x` where approximately equal to `value`.

    See Also
    --------
    masked_where : Mask where a condition is met.
    masked_equal : Mask where equal to a given value (integers).

    Examples
    --------
    >>> import numpy.ma as ma
    >>> x = np.array([1, 1.1, 2, 1.1, 3])
    >>> ma.masked_values(x, 1.1)
    masked_array(data=[1.0, --, 2.0, --, 3.0],
                 mask=[False,  True, False,  True, False],
           fill_value=1.1)

    Note that `mask` is set to ``nomask`` if possible.

    >>> ma.masked_values(x, 1.5)
    masked_array(data=[1. , 1.1, 2. , 1.1, 3. ],
                 mask=False,
           fill_value=1.5)

    For integers, the fill value will be different in general to the
    result of ``masked_equal``.

    >>> x = np.arange(5)
    >>> x
    array([0, 1, 2, 3, 4])
    >>> ma.masked_values(x, 2)
    masked_array(data=[0, 1, --, 3, 4],
                 mask=[False, False,  True, False, False],
           fill_value=2)
    >>> ma.masked_equal(x, 2)
    masked_array(data=[0, 1, --, 3, 4],
                 mask=[False, False,  True, False, False],
           fill_value=2)

    """
    xnew = filled(x, value)
    if np.issubdtype(xnew.dtype, np.floating):
        mask = np.isclose(xnew, value, atol=atol, rtol=rtol)
    else:
        mask = umath.equal(xnew, value)
    ret = masked_array(xnew, mask=mask, copy=copy, fill_value=value)
    if shrink:
        ret.shrink_mask()
    return ret


def masked_invalid(a, copy=True):
    """
    Mask an array where invalid values occur (NaNs or infs).

    This function is a shortcut to ``masked_where``, with
    `condition` = ~(np.isfinite(a)). Any pre-existing mask is conserved.
    Only applies to arrays with a dtype where NaNs or infs make sense
    (i.e. floating point types), but accepts any array_like object.

    See Also
    --------
    masked_where : Mask where a condition is met.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.arange(5, dtype=float)
    >>> a[2] = np.NaN
    >>> a[3] = np.PINF
    >>> a
    array([ 0.,  1., nan, inf,  4.])
    >>> ma.masked_invalid(a)
    masked_array(data=[0.0, 1.0, --, --, 4.0],
                 mask=[False, False,  True,  True, False],
           fill_value=1e+20)

    """
    a = np.array(a, copy=copy, subok=True)
    mask = getattr(a, '_mask', None)
    if mask is not None:
        condition = ~(np.isfinite(getdata(a)))
        if mask is not nomask:
            condition |= mask
        cls = type(a)
    else:
        condition = ~(np.isfinite(a))
        cls = MaskedArray
    result = a.view(cls)
    result._mask = condition
    return result


###############################################################################
#                            Printing options                                 #
###############################################################################


class _MaskedPrintOption:
    """
    Handle the string used to represent missing data in a masked array.

    """

    def __init__(self, display):
        """
        Create the masked_print_option object.

        """
        self._display = display
        self._enabled = True

    def display(self):
        """
        Display the string to print for masked values.

        """
        return self._display

    def set_display(self, s):
        """
        Set the string to print for masked values.

        """
        self._display = s

    def enabled(self):
        """
        Is the use of the display value enabled?

        """
        return self._enabled

    def enable(self, shrink=1):
        """
        Set the enabling shrink to `shrink`.

        """
        self._enabled = shrink

    def __str__(self):
        return str(self._display)

    __repr__ = __str__

# if you single index into a masked location you get this object.
masked_print_option = _MaskedPrintOption('--')


def _recursive_printoption(result, mask, printopt):
    """
    Puts printoptions in result where mask is True.

    Private function allowing for recursion

    """
    names = result.dtype.names
    if names is not None:
        for name in names:
            curdata = result[name]
            curmask = mask[name]
            _recursive_printoption(curdata, curmask, printopt)
    else:
        np.copyto(result, printopt, where=mask)
    return

# For better or worse, these end in a newline
_legacy_print_templates = dict(
    long_std=textwrap.dedent("""\
        masked_%(name)s(data =
         %(data)s,
        %(nlen)s        mask =
         %(mask)s,
        %(nlen)s  fill_value = %(fill)s)
        """),
    long_flx=textwrap.dedent("""\
        masked_%(name)s(data =
         %(data)s,
        %(nlen)s        mask =
         %(mask)s,
        %(nlen)s  fill_value = %(fill)s,
        %(nlen)s       dtype = %(dtype)s)
        """),
    short_std=textwrap.dedent("""\
        masked_%(name)s(data = %(data)s,
        %(nlen)s        mask = %(mask)s,
        %(nlen)s  fill_value = %(fill)s)
        """),
    short_flx=textwrap.dedent("""\
        masked_%(name)s(data = %(data)s,
        %(nlen)s        mask = %(mask)s,
        %(nlen)s  fill_value = %(fill)s,
        %(nlen)s       dtype = %(dtype)s)
        """)
)

###############################################################################
#                          MaskedArray class                                  #
###############################################################################


def _recursive_filled(a, mask, fill_value):
    """
    Recursively fill `a` with `fill_value`.

    """
    names = a.dtype.names
    for name in names:
        current = a[name]
        if current.dtype.names is not None:
            _recursive_filled(current, mask[name], fill_value[name])
        else:
            np.copyto(current, fill_value[name], where=mask[name])


def flatten_structured_array(a):
    """
    Flatten a structured array.

    The data type of the output is chosen such that it can represent all of the
    (nested) fields.

    Parameters
    ----------
    a : structured array

    Returns
    -------
    output : masked array or ndarray
        A flattened masked array if the input is a masked array, otherwise a
        standard ndarray.

    Examples
    --------
    >>> ndtype = [('a', int), ('b', float)]
    >>> a = np.array([(1, 1), (2, 2)], dtype=ndtype)
    >>> np.ma.flatten_structured_array(a)
    array([[1., 1.],
           [2., 2.]])

    """

    def flatten_sequence(iterable):
        """
        Flattens a compound of nested iterables.

        """
        for elm in iter(iterable):
            if hasattr(elm, '__iter__'):
                yield from flatten_sequence(elm)
            else:
                yield elm

    a = np.asanyarray(a)
    inishape = a.shape
    a = a.ravel()
    if isinstance(a, MaskedArray):
        out = np.array([tuple(flatten_sequence(d.item())) for d in a._data])
        out = out.view(MaskedArray)
        out._mask = np.array([tuple(flatten_sequence(d.item()))
                              for d in getmaskarray(a)])
    else:
        out = np.array([tuple(flatten_sequence(d.item())) for d in a])
    if len(inishape) > 1:
        newshape = list(out.shape)
        newshape[0] = inishape
        out.shape = tuple(flatten_sequence(newshape))
    return out


def _arraymethod(funcname, onmask=True):
    """
    Return a class method wrapper around a basic array method.

    Creates a class method which returns a masked array, where the new
    ``_data`` array is the output of the corresponding basic method called
    on the original ``_data``.

    If `onmask` is True, the new mask is the output of the method called
    on the initial mask. Otherwise, the new mask is just a reference
    to the initial mask.

    Parameters
    ----------
    funcname : str
        Name of the function to apply on data.
    onmask : bool
        Whether the mask must be processed also (True) or left
        alone (False). Default is True. Make available as `_onmask`
        attribute.

    Returns
    -------
    method : instancemethod
        Class method wrapper of the specified basic array method.

    """
    def wrapped_method(self, *args, **params):
        result = getattr(self._data, funcname)(*args, **params)
        result = result.view(type(self))
        result._update_from(self)
        mask = self._mask
        if not onmask:
            result.__setmask__(mask)
        elif mask is not nomask:
            # __setmask__ makes a copy, which we don't want
            result._mask = getattr(mask, funcname)(*args, **params)
        return result
    methdoc = getattr(ndarray, funcname, None) or getattr(np, funcname, None)
    if methdoc is not None:
        wrapped_method.__doc__ = methdoc.__doc__
    wrapped_method.__name__ = funcname
    return wrapped_method


class MaskedIterator:
    """
    Flat iterator object to iterate over masked arrays.

    A `MaskedIterator` iterator is returned by ``x.flat`` for any masked array
    `x`. It allows iterating over the array as if it were a 1-D array,
    either in a for-loop or by calling its `next` method.

    Iteration is done in C-contiguous style, with the last index varying the
    fastest. The iterator can also be indexed using basic slicing or
    advanced indexing.

    See Also
    --------
    MaskedArray.flat : Return a flat iterator over an array.
    MaskedArray.flatten : Returns a flattened copy of an array.

    Notes
    -----
    `MaskedIterator` is not exported by the `ma` module. Instead of
    instantiating a `MaskedIterator` directly, use `MaskedArray.flat`.

    Examples
    --------
    >>> x = np.ma.array(arange(6).reshape(2, 3))
    >>> fl = x.flat
    >>> type(fl)
    <class 'numpy.ma.core.MaskedIterator'>
    >>> for item in fl:
    ...     print(item)
    ...
    0
    1
    2
    3
    4
    5

    Extracting more than a single element b indexing the `MaskedIterator`
    returns a masked array:

    >>> fl[2:4]
    masked_array(data = [2 3],
                 mask = False,
           fill_value = 999999)

    """

    def __init__(self, ma):
        self.ma = ma
        self.dataiter = ma._data.flat

        if ma._mask is nomask:
            self.maskiter = None
        else:
            self.maskiter = ma._mask.flat

    def __iter__(self):
        return self

    def __getitem__(self, indx):
        result = self.dataiter.__getitem__(indx).view(type(self.ma))
        if self.maskiter is not None:
            _mask = self.maskiter.__getitem__(indx)
            if isinstance(_mask, ndarray):
                # set shape to match that of data; this is needed for matrices
                _mask.shape = result.shape
                result._mask = _mask
            elif isinstance(_mask, np.void):
                return mvoid(result, mask=_mask, hardmask=self.ma._hardmask)
            elif _mask:  # Just a scalar, masked
                return masked
        return result

    # This won't work if ravel makes a copy
    def __setitem__(self, index, value):
        self.dataiter[index] = getdata(value)
        if self.maskiter is not None:
            self.maskiter[index] = getmaskarray(value)

    def __next__(self):
        """
        Return the next value, or raise StopIteration.

        Examples
        --------
        >>> x = np.ma.array([3, 2], mask=[0, 1])
        >>> fl = x.flat
        >>> next(fl)
        3
        >>> next(fl)
        masked
        >>> next(fl)
        Traceback (most recent call last):
          ...
        StopIteration

        """
        d = next(self.dataiter)
        if self.maskiter is not None:
            m = next(self.maskiter)
            if isinstance(m, np.void):
                return mvoid(d, mask=m, hardmask=self.ma._hardmask)
            elif m:  # Just a scalar, masked
                return masked
        return d


class MaskedArray(ndarray):
    """
    An array class with possibly masked values.

    Masked values of True exclude the corresponding element from any
    computation.

    Construction::

      x = MaskedArray(data, mask=nomask, dtype=None, copy=False, subok=True,
                      ndmin=0, fill_value=None, keep_mask=True, hard_mask=None,
                      shrink=True, order=None)

    Parameters
    ----------
    data : array_like
        Input data.
    mask : sequence, optional
        Mask. Must be convertible to an array of booleans with the same
        shape as `data`. True indicates a masked (i.e. invalid) data.
    dtype : dtype, optional
        Data type of the output.
        If `dtype` is None, the type of the data argument (``data.dtype``)
        is used. If `dtype` is not None and different from ``data.dtype``,
        a copy is performed.
    copy : bool, optional
        Whether to copy the input data (True), or to use a reference instead.
        Default is False.
    subok : bool, optional
        Whether to return a subclass of `MaskedArray` if possible (True) or a
        plain `MaskedArray`. Default is True.
    ndmin : int, optional
        Minimum number of dimensions. Default is 0.
    fill_value : scalar, optional
        Value used to fill in the masked values when necessary.
        If None, a default based on the data-type is used.
    keep_mask : bool, optional
        Whether to combine `mask` with the mask of the input data, if any
        (True), or to use only `mask` for the output (False). Default is True.
    hard_mask : bool, optional
        Whether to use a hard mask or not. With a hard mask, masked values
        cannot be unmasked. Default is False.
    shrink : bool, optional
        Whether to force compression of an empty mask. Default is True.
    order : {'C', 'F', 'A'}, optional
        Specify the order of the array.  If order is 'C', then the array
        will be in C-contiguous order (last-index varies the fastest).
        If order is 'F', then the returned array will be in
        Fortran-contiguous order (first-index varies the fastest).
        If order is 'A' (default), then the returned array may be
        in any order (either C-, Fortran-contiguous, or even discontiguous),
        unless a copy is required, in which case it will be C-contiguous.

    Examples
    --------

    The ``mask`` can be initialized with an array of boolean values
    with the same shape as ``data``.

    >>> data = np.arange(6).reshape((2, 3))
    >>> np.ma.MaskedArray(data, mask=[[False, True, False],
    ...                               [False, False, True]])
    masked_array(
      data=[[0, --, 2],
            [3, 4, --]],
      mask=[[False,  True, False],
            [False, False,  True]],
      fill_value=999999)

    Alternatively, the ``mask`` can be initialized to homogeneous boolean
    array with the same shape as ``data`` by passing in a scalar
    boolean value:

    >>> np.ma.MaskedArray(data, mask=False)
    masked_array(
      data=[[0, 1, 2],
            [3, 4, 5]],
      mask=[[False, False, False],
            [False, False, False]],
      fill_value=999999)

    >>> np.ma.MaskedArray(data, mask=True)
    masked_array(
      data=[[--, --, --],
            [--, --, --]],
      mask=[[ True,  True,  True],
            [ True,  True,  True]],
      fill_value=999999,
      dtype=int64)

    .. note::
        The recommended practice for initializing ``mask`` with a scalar
        boolean value is to use ``True``/``False`` rather than
        ``np.True_``/``np.False_``. The reason is :attr:`nomask`
        is represented internally as ``np.False_``.

        >>> np.False_ is np.ma.nomask
        True

    """

    __array_priority__ = 15
    _defaultmask = nomask
    _defaulthardmask = False
    _baseclass = ndarray

    # Maximum number of elements per axis used when printing an array. The
    # 1d case is handled separately because we need more values in this case.
    _print_width = 100
    _print_width_1d = 1500

    def __new__(cls, data=None, mask=nomask, dtype=None, copy=False,
                subok=True, ndmin=0, fill_value=None, keep_mask=True,
                hard_mask=None, shrink=True, order=None, **options):
        """
        Create a new masked array from scratch.

        Notes
        -----
        A masked array can also be created by taking a .view(MaskedArray).

        """
        # Process data.
        _data = np.array(data, dtype=dtype, copy=copy,
                         order=order, subok=True, ndmin=ndmin)
        _baseclass = getattr(data, '_baseclass', type(_data))
        # Check that we're not erasing the mask.
        if isinstance(data, MaskedArray) and (data.shape != _data.shape):
            copy = True

        # Here, we copy the _view_, so that we can attach new properties to it
        # we must never do .view(MaskedConstant), as that would create a new
        # instance of np.ma.masked, which make identity comparison fail
        if isinstance(data, cls) and subok and not isinstance(data, MaskedConstant):
            _data = ndarray.view(_data, type(data))
        else:
            _data = ndarray.view(_data, cls)
        # Backwards compatibility w/ numpy.core.ma.
        if hasattr(data, '_mask') and not isinstance(data, ndarray):
            _data._mask = data._mask
            # FIXME _sharedmask is never used.
            _sharedmask = True
        # Process mask.
        # Type of the mask
        mdtype = make_mask_descr(_data.dtype)

        if mask is nomask:
            # Case 1. : no mask in input.
            # Erase the current mask ?
            if not keep_mask:
                # With a reduced version
                if shrink:
                    _data._mask = nomask
                # With full version
                else:
                    _data._mask = np.zeros(_data.shape, dtype=mdtype)
            # Check whether we missed something
            elif isinstance(data, (tuple, list)):
                try:
                    # If data is a sequence of masked array
                    mask = np.array([getmaskarray(np.asanyarray(m, dtype=mdtype))
                                                    for m in data], dtype=mdtype)
                except ValueError:
                    # If data is nested
                    mask = nomask
                # Force shrinking of the mask if needed (and possible)
                if (mdtype == MaskType) and mask.any():
                    _data._mask = mask
                    _data._sharedmask = False
            else:
                _data._sharedmask = not copy
                if copy:
                    _data._mask = _data._mask.copy()
                    # Reset the shape of the original mask
                    if getmask(data) is not nomask:
                        data._mask.shape = data.shape
        else:
            # Case 2. : With a mask in input.
            # If mask is boolean, create an array of True or False
            if mask is True and mdtype == MaskType:
                mask = np.ones(_data.shape, dtype=mdtype)
            elif mask is False and mdtype == MaskType:
                mask = np.zeros(_data.shape, dtype=mdtype)
            else:
                # Read the mask with the current mdtype
                try:
                    mask = np.array(mask, copy=copy, dtype=mdtype)
                # Or assume it's a sequence of bool/int
                except TypeError:
                    mask = np.array([tuple([m] * len(mdtype)) for m in mask],
                                    dtype=mdtype)
            # Make sure the mask and the data have the same shape
            if mask.shape != _data.shape:
                (nd, nm) = (_data.size, mask.size)
                if nm == 1:
                    mask = np.resize(mask, _data.shape)
                elif nm == nd:
                    mask = np.reshape(mask, _data.shape)
                else:
                    msg = "Mask and data not compatible: data size is %i, " + \
                          "mask size is %i."
                    raise MaskError(msg % (nd, nm))
                copy = True
            # Set the mask to the new value
            if _data._mask is nomask:
                _data._mask = mask
                _data._sharedmask = not copy
            else:
                if not keep_mask:
                    _data._mask = mask
                    _data._sharedmask = not copy
                else:
                    if _data.dtype.names is not None:
                        def _recursive_or(a, b):
                            "do a|=b on each field of a, recursively"
                            for name in a.dtype.names:
                                (af, bf) = (a[name], b[name])
                                if af.dtype.names is not None:
                                    _recursive_or(af, bf)
                                else:
                                    af |= bf

                        _recursive_or(_data._mask, mask)
                    else:
                        _data._mask = np.logical_or(mask, _data._mask)
                    _data._sharedmask = False
        # Update fill_value.
        if fill_value is None:
            fill_value = getattr(data, '_fill_value', None)
        # But don't run the check unless we have something to check.
        if fill_value is not None:
            _data._fill_value = _check_fill_value(fill_value, _data.dtype)
        # Process extra options ..
        if hard_mask is None:
            _data._hardmask = getattr(data, '_hardmask', False)
        else:
            _data._hardmask = hard_mask
        _data._baseclass = _baseclass
        return _data


    def _update_from(self, obj):
        """
        Copies some attributes of obj to self.

        """
        if isinstance(obj, ndarray):
            _baseclass = type(obj)
        else:
            _baseclass = ndarray
        # We need to copy the _basedict to avoid backward propagation
        _optinfo = {}
        _optinfo.update(getattr(obj, '_optinfo', {}))
        _optinfo.update(getattr(obj, '_basedict', {}))
        if not isinstance(obj, MaskedArray):
            _optinfo.update(getattr(obj, '__dict__', {}))
        _dict = dict(_fill_value=getattr(obj, '_fill_value', None),
                     _hardmask=getattr(obj, '_hardmask', False),
                     _sharedmask=getattr(obj, '_sharedmask', False),
                     _isfield=getattr(obj, '_isfield', False),
                     _baseclass=getattr(obj, '_baseclass', _baseclass),
                     _optinfo=_optinfo,
                     _basedict=_optinfo)
        self.__dict__.update(_dict)
        self.__dict__.update(_optinfo)
        return

    def __array_finalize__(self, obj):
        """
        Finalizes the masked array.

        """
        # Get main attributes.
        self._update_from(obj)

        # We have to decide how to initialize self.mask, based on
        # obj.mask. This is very difficult.  There might be some
        # correspondence between the elements in the array we are being
        # created from (= obj) and us. Or there might not. This method can
        # be called in all kinds of places for all kinds of reasons -- could
        # be empty_like, could be slicing, could be a ufunc, could be a view.
        # The numpy subclassing interface simply doesn't give us any way
        # to know, which means that at best this method will be based on
        # guesswork and heuristics. To make things worse, there isn't even any
        # clear consensus about what the desired behavior is. For instance,
        # most users think that np.empty_like(marr) -- which goes via this
        # method -- should return a masked array with an empty mask (see
        # gh-3404 and linked discussions), but others disagree, and they have
        # existing code which depends on empty_like returning an array that
        # matches the input mask.
        #
        # Historically our algorithm was: if the template object mask had the
        # same *number of elements* as us, then we used *it's mask object
        # itself* as our mask, so that writes to us would also write to the
        # original array. This is horribly broken in multiple ways.
        #
        # Now what we do instead is, if the template object mask has the same
        # number of elements as us, and we do not have the same base pointer
        # as the template object (b/c views like arr[...] should keep the same
        # mask), then we make a copy of the template object mask and use
        # that. This is also horribly broken but somewhat less so. Maybe.
        if isinstance(obj, ndarray):
            # XX: This looks like a bug -- shouldn't it check self.dtype
            # instead?
            if obj.dtype.names is not None:
                _mask = getmaskarray(obj)
            else:
                _mask = getmask(obj)

            # If self and obj point to exactly the same data, then probably
            # self is a simple view of obj (e.g., self = obj[...]), so they
            # should share the same mask. (This isn't 100% reliable, e.g. self
            # could be the first row of obj, or have strange strides, but as a
            # heuristic it's not bad.) In all other cases, we make a copy of
            # the mask, so that future modifications to 'self' do not end up
            # side-effecting 'obj' as well.
            if (_mask is not nomask and obj.__array_interface__["data"][0]
                    != self.__array_interface__["data"][0]):
                # We should make a copy. But we could get here via astype,
                # in which case the mask might need a new dtype as well
                # (e.g., changing to or from a structured dtype), and the
                # order could have changed. So, change the mask type if
                # needed and use astype instead of copy.
                if self.dtype == obj.dtype:
                    _mask_dtype = _mask.dtype
                else:
                    _mask_dtype = make_mask_descr(self.dtype)

                if self.flags.c_contiguous:
                    order = "C"
                elif self.flags.f_contiguous:
                    order = "F"
                else:
                    order = "K"

                _mask = _mask.astype(_mask_dtype, order)
            else:
                # Take a view so shape changes, etc., do not propagate back.
                _mask = _mask.view()
        else:
            _mask = nomask

        self._mask = _mask
        # Finalize the mask
        if self._mask is not nomask:
            try:
                self._mask.shape = self.shape
            except ValueError:
                self._mask = nomask
            except (TypeError, AttributeError):
                # When _mask.shape is not writable (because it's a void)
                pass

        # Finalize the fill_value
        if self._fill_value is not None:
            self._fill_value = _check_fill_value(self._fill_value, self.dtype)
        elif self.dtype.names is not None:
            # Finalize the default fill_value for structured arrays
            self._fill_value = _check_fill_value(None, self.dtype)

    def __array_wrap__(self, obj, context=None):
        """
        Special hook for ufuncs.

        Wraps the numpy array and sets the mask according to context.

        """
        if obj is self:  # for in-place operations
            result = obj
        else:
            result = obj.view(type(self))
            result._update_from(self)

        if context is not None:
            result._mask = result._mask.copy()
            func, args, out_i = context
            # args sometimes contains outputs (gh-10459), which we don't want
            input_args = args[:func.nin]
            m = reduce(mask_or, [getmaskarray(arg) for arg in input_args])
            # Get the domain mask
            domain = ufunc_domain.get(func, None)
            if domain is not None:
                # Take the domain, and make sure it's a ndarray
                with np.errstate(divide='ignore', invalid='ignore'):
                    d = filled(domain(*input_args), True)

                if d.any():
                    # Fill the result where the domain is wrong
                    try:
                        # Binary domain: take the last value
                        fill_value = ufunc_fills[func][-1]
                    except TypeError:
                        # Unary domain: just use this one
                        fill_value = ufunc_fills[func]
                    except KeyError:
                        # Domain not recognized, use fill_value instead
                        fill_value = self.fill_value

                    np.copyto(result, fill_value, where=d)

                    # Update the mask
                    if m is nomask:
                        m = d
                    else:
                        # Don't modify inplace, we risk back-propagation
                        m = (m | d)

            # Make sure the mask has the proper size
            if result is not self and result.shape == () and m:
                return masked
            else:
                result._mask = m
                result._sharedmask = False

        return result

    def view(self, dtype=None, type=None, fill_value=None):
        """
        Return a view of the MaskedArray data.

        Parameters
        ----------
        dtype : data-type or ndarray sub-class, optional
            Data-type descriptor of the returned view, e.g., float32 or int16.
            The default, None, results in the view having the same data-type
            as `a`. As with ``ndarray.view``, dtype can also be specified as
            an ndarray sub-class, which then specifies the type of the
            returned object (this is equivalent to setting the ``type``
            parameter).
        type : Python type, optional
            Type of the returned view, either ndarray or a subclass.  The
            default None results in type preservation.
        fill_value : scalar, optional
            The value to use for invalid entries (None by default).
            If None, then this argument is inferred from the passed `dtype`, or
            in its absence the original array, as discussed in the notes below.

        See Also
        --------
        numpy.ndarray.view : Equivalent method on ndarray object.

        Notes
        -----

        ``a.view()`` is used two different ways:

        ``a.view(some_dtype)`` or ``a.view(dtype=some_dtype)`` constructs a view
        of the array's memory with a different data-type.  This can cause a
        reinterpretation of the bytes of memory.

        ``a.view(ndarray_subclass)`` or ``a.view(type=ndarray_subclass)`` just
        returns an instance of `ndarray_subclass` that looks at the same array
        (same shape, dtype, etc.)  This does not cause a reinterpretation of the
        memory.

        If `fill_value` is not specified, but `dtype` is specified (and is not
        an ndarray sub-class), the `fill_value` of the MaskedArray will be
        reset. If neither `fill_value` nor `dtype` are specified (or if
        `dtype` is an ndarray sub-class), then the fill value is preserved.
        Finally, if `fill_value` is specified, but `dtype` is not, the fill
        value is set to the specified value.

        For ``a.view(some_dtype)``, if ``some_dtype`` has a different number of
        bytes per entry than the previous dtype (for example, converting a
        regular array to a structured array), then the behavior of the view
        cannot be predicted just from the superficial appearance of ``a`` (shown
        by ``print(a)``). It also depends on exactly how ``a`` is stored in
        memory. Therefore if ``a`` is C-ordered versus fortran-ordered, versus
        defined as a slice or transpose, etc., the view may give different
        results.
        """

        if dtype is None:
            if type is None:
                output = ndarray.view(self)
            else:
                output = ndarray.view(self, type)
        elif type is None:
            try:
                if issubclass(dtype, ndarray):
                    output = ndarray.view(self, dtype)
                    dtype = None
                else:
                    output = ndarray.view(self, dtype)
            except TypeError:
                output = ndarray.view(self, dtype)
        else:
            output = ndarray.view(self, dtype, type)

        # also make the mask be a view (so attr changes to the view's
        # mask do no affect original object's mask)
        # (especially important to avoid affecting np.masked singleton)
        if getmask(output) is not nomask:
            output._mask = output._mask.view()

        # Make sure to reset the _fill_value if needed
        if getattr(output, '_fill_value', None) is not None:
            if fill_value is None:
                if dtype is None:
                    pass  # leave _fill_value as is
                else:
                    output._fill_value = None
            else:
                output.fill_value = fill_value
        return output

    def __getitem__(self, indx):
        """
        x.__getitem__(y) <==> x[y]

        Return the item described by i, as a masked array.

        """
        # We could directly use ndarray.__getitem__ on self.
        # But then we would have to modify __array_finalize__ to prevent the
        # mask of being reshaped if it hasn't been set up properly yet
        # So it's easier to stick to the current version
        dout = self.data[indx]
        _mask = self._mask

        def _is_scalar(m):
            return not isinstance(m, np.ndarray)

        def _scalar_heuristic(arr, elem):
            """
            Return whether `elem` is a scalar result of indexing `arr`, or None
            if undecidable without promoting nomask to a full mask
            """
            # obviously a scalar
            if not isinstance(elem, np.ndarray):
                return True

            # object array scalar indexing can return anything
            elif arr.dtype.type is np.object_:
                if arr.dtype is not elem.dtype:
                    # elem is an array, but dtypes do not match, so must be
                    # an element
                    return True

            # well-behaved subclass that only returns 0d arrays when
            # expected - this is not a scalar
            elif type(arr).__getitem__ == ndarray.__getitem__:
                return False

            return None

        if _mask is not nomask:
            # _mask cannot be a subclass, so it tells us whether we should
            # expect a scalar. It also cannot be of dtype object.
            mout = _mask[indx]
            scalar_expected = _is_scalar(mout)

        else:
            # attempt to apply the heuristic to avoid constructing a full mask
            mout = nomask
            scalar_expected = _scalar_heuristic(self.data, dout)
            if scalar_expected is None:
                # heuristics have failed
                # construct a full array, so we can be certain. This is costly.
                # we could also fall back on ndarray.__getitem__(self.data, indx)
                scalar_expected = _is_scalar(getmaskarray(self)[indx])

        # Did we extract a single item?
        if scalar_expected:
            # A record
            if isinstance(dout, np.void):
                # We should always re-cast to mvoid, otherwise users can
                # change masks on rows that already have masked values, but not
                # on rows that have no masked values, which is inconsistent.
                return mvoid(dout, mask=mout, hardmask=self._hardmask)

            # special case introduced in gh-5962
            elif (self.dtype.type is np.object_ and
                  isinstance(dout, np.ndarray) and
                  dout is not masked):
                # If masked, turn into a MaskedArray, with everything masked.
                if mout:
                    return MaskedArray(dout, mask=True)
                else:
                    return dout

            # Just a scalar
            else:
                if mout:
                    return masked
                else:
                    return dout
        else:
            # Force dout to MA
            dout = dout.view(type(self))
            # Inherit attributes from self
            dout._update_from(self)
            # Check the fill_value
            if is_string_or_list_of_strings(indx):
                if self._fill_value is not None:
                    dout._fill_value = self._fill_value[indx]

                    # Something like gh-15895 has happened if this check fails.
                    # _fill_value should always be an ndarray.
                    if not isinstance(dout._fill_value, np.ndarray):
                        raise RuntimeError('Internal NumPy error.')
                    # If we're indexing a multidimensional field in a
                    # structured array (such as dtype("(2,)i2,(2,)i1")),
                    # dimensionality goes up (M[field].ndim == M.ndim +
                    # M.dtype[field].ndim).  That's fine for
                    # M[field] but problematic for M[field].fill_value
                    # which should have shape () to avoid breaking several
                    # methods. There is no great way out, so set to
                    # first element. See issue #6723.
                    if dout._fill_value.ndim > 0:
                        if not (dout._fill_value ==
                                dout._fill_value.flat[0]).all():
                            warnings.warn(
                                "Upon accessing multidimensional field "
                                f"{indx!s}, need to keep dimensionality "
                                "of fill_value at 0. Discarding "
                                "heterogeneous fill_value and setting "
                                f"all to {dout._fill_value[0]!s}.",
                                stacklevel=2)
                        # Need to use `.flat[0:1].squeeze(...)` instead of just
                        # `.flat[0]` to ensure the result is a 0d array and not
                        # a scalar.
                        dout._fill_value = dout._fill_value.flat[0:1].squeeze(axis=0)
                dout._isfield = True
            # Update the mask if needed
            if mout is not nomask:
                # set shape to match that of data; this is needed for matrices
                dout._mask = reshape(mout, dout.shape)
                dout._sharedmask = True
                # Note: Don't try to check for m.any(), that'll take too long
        return dout

    def __setitem__(self, indx, value):
        """
        x.__setitem__(i, y) <==> x[i]=y

        Set item described by index. If value is masked, masks those
        locations.

        """
        if self is masked:
            raise MaskError('Cannot alter the masked element.')
        _data = self._data
        _mask = self._mask
        if isinstance(indx, str):
            _data[indx] = value
            if _mask is nomask:
                self._mask = _mask = make_mask_none(self.shape, self.dtype)
            _mask[indx] = getmask(value)
            return

        _dtype = _data.dtype

        if value is masked:
            # The mask wasn't set: create a full version.
            if _mask is nomask:
                _mask = self._mask = make_mask_none(self.shape, _dtype)
            # Now, set the mask to its value.
            if _dtype.names is not None:
                _mask[indx] = tuple([True] * len(_dtype.names))
            else:
                _mask[indx] = True
            return

        # Get the _data part of the new value
        dval = getattr(value, '_data', value)
        # Get the _mask part of the new value
        mval = getmask(value)
        if _dtype.names is not None and mval is nomask:
            mval = tuple([False] * len(_dtype.names))
        if _mask is nomask:
            # Set the data, then the mask
            _data[indx] = dval
            if mval is not nomask:
                _mask = self._mask = make_mask_none(self.shape, _dtype)
                _mask[indx] = mval
        elif not self._hardmask:
            # Set the data, then the mask
            _data[indx] = dval
            _mask[indx] = mval
        elif hasattr(indx, 'dtype') and (indx.dtype == MaskType):
            indx = indx * umath.logical_not(_mask)
            _data[indx] = dval
        else:
            if _dtype.names is not None:
                err_msg = "Flexible 'hard' masks are not yet supported."
                raise NotImplementedError(err_msg)
            mindx = mask_or(_mask[indx], mval, copy=True)
            dindx = self._data[indx]
            if dindx.size > 1:
                np.copyto(dindx, dval, where=~mindx)
            elif mindx is nomask:
                dindx = dval
            _data[indx] = dindx
            _mask[indx] = mindx
        return

    # Define so that we can overwrite the setter.
    @property
    def dtype(self):
        return super(MaskedArray, self).dtype

    @dtype.setter
    def dtype(self, dtype):
        super(MaskedArray, type(self)).dtype.__set__(self, dtype)
        if self._mask is not nomask:
            self._mask = self._mask.view(make_mask_descr(dtype), ndarray)
            # Try to reset the shape of the mask (if we don't have a void).
            # This raises a ValueError if the dtype change won't work.
            try:
                self._mask.shape = self.shape
            except (AttributeError, TypeError):
                pass

    @property
    def shape(self):
        return super(MaskedArray, self).shape

    @shape.setter
    def shape(self, shape):
        super(MaskedArray, type(self)).shape.__set__(self, shape)
        # Cannot use self._mask, since it may not (yet) exist when a
        # masked matrix sets the shape.
        if getmask(self) is not nomask:
            self._mask.shape = self.shape

    def __setmask__(self, mask, copy=False):
        """
        Set the mask.

        """
        idtype = self.dtype
        current_mask = self._mask
        if mask is masked:
            mask = True

        if current_mask is nomask:
            # Make sure the mask is set
            # Just don't do anything if there's nothing to do.
            if mask is nomask:
                return
            current_mask = self._mask = make_mask_none(self.shape, idtype)

        if idtype.names is None:
            # No named fields.
            # Hardmask: don't unmask the data
            if self._hardmask:
                current_mask |= mask
            # Softmask: set everything to False
            # If it's obviously a compatible scalar, use a quick update
            # method.
            elif isinstance(mask, (int, float, np.bool_, np.number)):
                current_mask[...] = mask
            # Otherwise fall back to the slower, general purpose way.
            else:
                current_mask.flat = mask
        else:
            # Named fields w/
            mdtype = current_mask.dtype
            mask = np.array(mask, copy=False)
            # Mask is a singleton
            if not mask.ndim:
                # It's a boolean : make a record
                if mask.dtype.kind == 'b':
                    mask = np.array(tuple([mask.item()] * len(mdtype)),
                                    dtype=mdtype)
                # It's a record: make sure the dtype is correct
                else:
                    mask = mask.astype(mdtype)
            # Mask is a sequence
            else:
                # Make sure the new mask is a ndarray with the proper dtype
                try:
                    mask = np.array(mask, copy=copy, dtype=mdtype)
                # Or assume it's a sequence of bool/int
                except TypeError:
                    mask = np.array([tuple([m] * len(mdtype)) for m in mask],
                                    dtype=mdtype)
            # Hardmask: don't unmask the data
            if self._hardmask:
                for n in idtype.names:
                    current_mask[n] |= mask[n]
            # Softmask: set everything to False
            # If it's obviously a compatible scalar, use a quick update
            # method.
            elif isinstance(mask, (int, float, np.bool_, np.number)):
                current_mask[...] = mask
            # Otherwise fall back to the slower, general purpose way.
            else:
                current_mask.flat = mask
        # Reshape if needed
        if current_mask.shape:
            current_mask.shape = self.shape
        return

    _set_mask = __setmask__

    @property
    def mask(self):
        """ Current mask. """

        # We could try to force a reshape, but that wouldn't work in some
        # cases.
        # Return a view so that the dtype and shape cannot be changed in place
        # This still preserves nomask by identity
        return self._mask.view()

    @mask.setter
    def mask(self, value):
        self.__setmask__(value)

    @property
    def recordmask(self):
        """
        Get or set the mask of the array if it has no named fields. For
        structured arrays, returns a ndarray of booleans where entries are
        ``True`` if **all** the fields are masked, ``False`` otherwise:

        >>> x = np.ma.array([(1, 1), (2, 2), (3, 3), (4, 4), (5, 5)],
        ...         mask=[(0, 0), (1, 0), (1, 1), (0, 1), (0, 0)],
        ...        dtype=[('a', int), ('b', int)])
        >>> x.recordmask
        array([False, False,  True, False, False])
        """

        _mask = self._mask.view(ndarray)
        if _mask.dtype.names is None:
            return _mask
        return np.all(flatten_structured_array(_mask), axis=-1)

    @recordmask.setter
    def recordmask(self, mask):
        raise NotImplementedError("Coming soon: setting the mask per records!")

    def harden_mask(self):
        """
        Force the mask to hard.

        Whether the mask of a masked array is hard or soft is determined by
        its `hardmask` property. `harden_mask` sets `hardmask` to True.

        See Also
        --------
        hardmask

        """
        self._hardmask = True
        return self

    def soften_mask(self):
        """
        Force the mask to soft.

        Whether the mask of a masked array is hard or soft is determined by
        its `hardmask` property. `soften_mask` sets `hardmask` to False.

        See Also
        --------
        hardmask

        """
        self._hardmask = False
        return self

    @property
    def hardmask(self):
        """ Hardness of the mask """
        return self._hardmask

    def unshare_mask(self):
        """
        Copy the mask and set the sharedmask flag to False.

        Whether the mask is shared between masked arrays can be seen from
        the `sharedmask` property. `unshare_mask` ensures the mask is not shared.
        A copy of the mask is only made if it was shared.

        See Also
        --------
        sharedmask

        """
        if self._sharedmask:
            self._mask = self._mask.copy()
            self._sharedmask = False
        return self

    @property
    def sharedmask(self):
        """ Share status of the mask (read-only). """
        return self._sharedmask

    def shrink_mask(self):
        """
        Reduce a mask to nomask when possible.

        Parameters
        ----------
        None

        Returns
        -------
        None

        Examples
        --------
        >>> x = np.ma.array([[1,2 ], [3, 4]], mask=[0]*4)
        >>> x.mask
        array([[False, False],
               [False, False]])
        >>> x.shrink_mask()
        masked_array(
          data=[[1, 2],
                [3, 4]],
          mask=False,
          fill_value=999999)
        >>> x.mask
        False

        """
        self._mask = _shrink_mask(self._mask)
        return self

    @property
    def baseclass(self):
        """ Class of the underlying data (read-only). """
        return self._baseclass

    def _get_data(self):
        """
        Returns the underlying data, as a view of the masked array.

        If the underlying data is a subclass of :class:`numpy.ndarray`, it is
        returned as such.

        >>> x = np.ma.array(np.matrix([[1, 2], [3, 4]]), mask=[[0, 1], [1, 0]])
        >>> x.data
        matrix([[1, 2],
                [3, 4]])

        The type of the data can be accessed through the :attr:`baseclass`
        attribute.
        """
        return ndarray.view(self, self._baseclass)

    _data = property(fget=_get_data)
    data = property(fget=_get_data)

    @property
    def flat(self):
        """ Return a flat iterator, or set a flattened version of self to value. """
        return MaskedIterator(self)

    @flat.setter
    def flat(self, value):
        y = self.ravel()
        y[:] = value

    @property
    def fill_value(self):
        """
        The filling value of the masked array is a scalar. When setting, None
        will set to a default based on the data type.

        Examples
        --------
        >>> for dt in [np.int32, np.int64, np.float64, np.complex128]:
        ...     np.ma.array([0, 1], dtype=dt).get_fill_value()
        ...
        999999
        999999
        1e+20
        (1e+20+0j)

        >>> x = np.ma.array([0, 1.], fill_value=-np.inf)
        >>> x.fill_value
        -inf
        >>> x.fill_value = np.pi
        >>> x.fill_value
        3.1415926535897931 # may vary

        Reset to default:

        >>> x.fill_value = None
        >>> x.fill_value
        1e+20

        """
        if self._fill_value is None:
            self._fill_value = _check_fill_value(None, self.dtype)

        # Temporary workaround to account for the fact that str and bytes
        # scalars cannot be indexed with (), whereas all other numpy
        # scalars can. See issues #7259 and #7267.
        # The if-block can be removed after #7267 has been fixed.
        if isinstance(self._fill_value, ndarray):
            return self._fill_value[()]
        return self._fill_value

    @fill_value.setter
    def fill_value(self, value=None):
        target = _check_fill_value(value, self.dtype)
        if not target.ndim == 0:
            # 2019-11-12, 1.18.0
            warnings.warn(
                "Non-scalar arrays for the fill value are deprecated. Use "
                "arrays with scalar values instead. The filled function "
                "still supports any array as `fill_value`.",
                DeprecationWarning, stacklevel=2)

        _fill_value = self._fill_value
        if _fill_value is None:
            # Create the attribute if it was undefined
            self._fill_value = target
        else:
            # Don't overwrite the attribute, just fill it (for propagation)
            _fill_value[()] = target

    # kept for compatibility
    get_fill_value = fill_value.fget
    set_fill_value = fill_value.fset

    def filled(self, fill_value=None):
        """
        Return a copy of self, with masked values filled with a given value.
        **However**, if there are no masked values to fill, self will be
        returned instead as an ndarray.

        Parameters
        ----------
        fill_value : array_like, optional
            The value to use for invalid entries. Can be scalar or non-scalar.
            If non-scalar, the resulting ndarray must be broadcastable over
            input array. Default is None, in which case, the `fill_value`
            attribute of the array is used instead.

        Returns
        -------
        filled_array : ndarray
            A copy of ``self`` with invalid entries replaced by *fill_value*
            (be it the function argument or the attribute of ``self``), or
            ``self`` itself as an ndarray if there are no invalid entries to
            be replaced.

        Notes
        -----
        The result is **not** a MaskedArray!

        Examples
        --------
        >>> x = np.ma.array([1,2,3,4,5], mask=[0,0,1,0,1], fill_value=-999)
        >>> x.filled()
        array([   1,    2, -999,    4, -999])
        >>> x.filled(fill_value=1000)
        array([   1,    2, 1000,    4, 1000])
        >>> type(x.filled())
        <class 'numpy.ndarray'>

        Subclassing is preserved. This means that if, e.g., the data part of
        the masked array is a recarray, `filled` returns a recarray:

        >>> x = np.array([(-1, 2), (-3, 4)], dtype='i8,i8').view(np.recarray)
        >>> m = np.ma.array(x, mask=[(True, False), (False, True)])
        >>> m.filled()
        rec.array([(999999,      2), (    -3, 999999)],
                  dtype=[('f0', '<i8'), ('f1', '<i8')])
        """
        m = self._mask
        if m is nomask:
            return self._data

        if fill_value is None:
            fill_value = self.fill_value
        else:
            fill_value = _check_fill_value(fill_value, self.dtype)

        if self is masked_singleton:
            return np.asanyarray(fill_value)

        if m.dtype.names is not None:
            result = self._data.copy('K')
            _recursive_filled(result, self._mask, fill_value)
        elif not m.any():
            return self._data
        else:
            result = self._data.copy('K')
            try:
                np.copyto(result, fill_value, where=m)
            except (TypeError, AttributeError):
                fill_value = narray(fill_value, dtype=object)
                d = result.astype(object)
                result = np.choose(m, (d, fill_value))
            except IndexError:
                # ok, if scalar
                if self._data.shape:
                    raise
                elif m:
                    result = np.array(fill_value, dtype=self.dtype)
                else:
                    result = self._data
        return result

    def compressed(self):
        """
        Return all the non-masked data as a 1-D array.

        Returns
        -------
        data : ndarray
            A new `ndarray` holding the non-masked data is returned.

        Notes
        -----
        The result is **not** a MaskedArray!

        Examples
        --------
        >>> x = np.ma.array(np.arange(5), mask=[0]*2 + [1]*3)
        >>> x.compressed()
        array([0, 1])
        >>> type(x.compressed())
        <class 'numpy.ndarray'>

        """
        data = ndarray.ravel(self._data)
        if self._mask is not nomask:
            data = data.compress(np.logical_not(ndarray.ravel(self._mask)))
        return data

    def compress(self, condition, axis=None, out=None):
        """
        Return `a` where condition is ``True``.

        If condition is a `MaskedArray`, missing values are considered
        as ``False``.

        Parameters
        ----------
        condition : var
            Boolean 1-d array selecting which entries to return. If len(condition)
            is less than the size of a along the axis, then output is truncated
            to length of condition array.
        axis : {None, int}, optional
            Axis along which the operation must be performed.
        out : {None, ndarray}, optional
            Alternative output array in which to place the result. It must have
            the same shape as the expected output but the type will be cast if
            necessary.

        Returns
        -------
        result : MaskedArray
            A :class:`MaskedArray` object.

        Notes
        -----
        Please note the difference with :meth:`compressed` !
        The output of :meth:`compress` has a mask, the output of
        :meth:`compressed` does not.

        Examples
        --------
        >>> x = np.ma.array([[1,2,3],[4,5,6],[7,8,9]], mask=[0] + [1,0]*4)
        >>> x
        masked_array(
          data=[[1, --, 3],
                [--, 5, --],
                [7, --, 9]],
          mask=[[False,  True, False],
                [ True, False,  True],
                [False,  True, False]],
          fill_value=999999)
        >>> x.compress([1, 0, 1])
        masked_array(data=[1, 3],
                     mask=[False, False],
               fill_value=999999)

        >>> x.compress([1, 0, 1], axis=1)
        masked_array(
          data=[[1, 3],
                [--, --],
                [7, 9]],
          mask=[[False, False],
                [ True,  True],
                [False, False]],
          fill_value=999999)

        """
        # Get the basic components
        (_data, _mask) = (self._data, self._mask)

        # Force the condition to a regular ndarray and forget the missing
        # values.
        condition = np.array(condition, copy=False, subok=False)

        _new = _data.compress(condition, axis=axis, out=out).view(type(self))
        _new._update_from(self)
        if _mask is not nomask:
            _new._mask = _mask.compress(condition, axis=axis)
        return _new

    def _insert_masked_print(self):
        """
        Replace masked values with masked_print_option, casting all innermost
        dtypes to object.
        """
        if masked_print_option.enabled():
            mask = self._mask
            if mask is nomask:
                res = self._data
            else:
                # convert to object array to make filled work
                data = self._data
                # For big arrays, to avoid a costly conversion to the
                # object dtype, extract the corners before the conversion.
                print_width = (self._print_width if self.ndim > 1
                               else self._print_width_1d)
                for axis in range(self.ndim):
                    if data.shape[axis] > print_width:
                        ind = print_width // 2
                        arr = np.split(data, (ind, -ind), axis=axis)
                        data = np.concatenate((arr[0], arr[2]), axis=axis)
                        arr = np.split(mask, (ind, -ind), axis=axis)
                        mask = np.concatenate((arr[0], arr[2]), axis=axis)

                rdtype = _replace_dtype_fields(self.dtype, "O")
                res = data.astype(rdtype)
                _recursive_printoption(res, mask, masked_print_option)
        else:
            res = self.filled(self.fill_value)
        return res

    def __str__(self):
        return str(self._insert_masked_print())

    def __repr__(self):
        """
        Literal string representation.

        """
        if self._baseclass is np.ndarray:
            name = 'array'
        else:
            name = self._baseclass.__name__


        # 2016-11-19: Demoted to legacy format
        if np.get_printoptions()['legacy'] == '1.13':
            is_long = self.ndim > 1
            parameters = dict(
                name=name,
                nlen=" " * len(name),
                data=str(self),
                mask=str(self._mask),
                fill=str(self.fill_value),
                dtype=str(self.dtype)
            )
            is_structured = bool(self.dtype.names)
            key = '{}_{}'.format(
                'long' if is_long else 'short',
                'flx' if is_structured else 'std'
            )
            return _legacy_print_templates[key] % parameters

        prefix = f"masked_{name}("

        dtype_needed = (
            not np.core.arrayprint.dtype_is_implied(self.dtype) or
            np.all(self.mask) or
            self.size == 0
        )

        # determine which keyword args need to be shown
        keys = ['data', 'mask', 'fill_value']
        if dtype_needed:
            keys.append('dtype')

        # array has only one row (non-column)
        is_one_row = builtins.all(dim == 1 for dim in self.shape[:-1])

        # choose what to indent each keyword with
        min_indent = 2
        if is_one_row:
            # first key on the same line as the type, remaining keys
            # aligned by equals
            indents = {}
            indents[keys[0]] = prefix
            for k in keys[1:]:
                n = builtins.max(min_indent, len(prefix + keys[0]) - len(k))
                indents[k] = ' ' * n
            prefix = ''  # absorbed into the first indent
        else:
            # each key on its own line, indented by two spaces
            indents = {k: ' ' * min_indent for k in keys}
            prefix = prefix + '\n'  # first key on the next line

        # format the field values
        reprs = {}
        reprs['data'] = np.array2string(
            self._insert_masked_print(),
            separator=", ",
            prefix=indents['data'] + 'data=',
            suffix=',')
        reprs['mask'] = np.array2string(
            self._mask,
            separator=", ",
            prefix=indents['mask'] + 'mask=',
            suffix=',')
        reprs['fill_value'] = repr(self.fill_value)
        if dtype_needed:
            reprs['dtype'] = np.core.arrayprint.dtype_short_repr(self.dtype)

        # join keys with values and indentations
        result = ',\n'.join(
            '{}{}={}'.format(indents[k], k, reprs[k])
            for k in keys
        )
        return prefix + result + ')'

    def _delegate_binop(self, other):
        # This emulates the logic in
        #     private/binop_override.h:forward_binop_should_defer
        if isinstance(other, type(self)):
            return False
        array_ufunc = getattr(other, "__array_ufunc__", False)
        if array_ufunc is False:
            other_priority = getattr(other, "__array_priority__", -1000000)
            return self.__array_priority__ < other_priority
        else:
            # If array_ufunc is not None, it will be called inside the ufunc;
            # None explicitly tells us to not call the ufunc, i.e., defer.
            return array_ufunc is None

    def _comparison(self, other, compare):
        """Compare self with other using operator.eq or operator.ne.

        When either of the elements is masked, the result is masked as well,
        but the underlying boolean data are still set, with self and other
        considered equal if both are masked, and unequal otherwise.

        For structured arrays, all fields are combined, with masked values
        ignored. The result is masked if all fields were masked, with self
        and other considered equal only if both were fully masked.
        """
        omask = getmask(other)
        smask = self.mask
        mask = mask_or(smask, omask, copy=True)

        odata = getdata(other)
        if mask.dtype.names is not None:
            # For possibly masked structured arrays we need to be careful,
            # since the standard structured array comparison will use all
            # fields, masked or not. To avoid masked fields influencing the
            # outcome, we set all masked fields in self to other, so they'll
            # count as equal.  To prepare, we ensure we have the right shape.
            broadcast_shape = np.broadcast(self, odata).shape
            sbroadcast = np.broadcast_to(self, broadcast_shape, subok=True)
            sbroadcast._mask = mask
            sdata = sbroadcast.filled(odata)
            # Now take care of the mask; the merged mask should have an item
            # masked if all fields were masked (in one and/or other).
            mask = (mask == np.ones((), mask.dtype))

        else:
            # For regular arrays, just use the data as they come.
            sdata = self.data

        check = compare(sdata, odata)

        if isinstance(check, (np.bool_, bool)):
            return masked if mask else check

        if mask is not nomask:
            # Adjust elements that were masked, which should be treated
            # as equal if masked in both, unequal if masked in one.
            # Note that this works automatically for structured arrays too.
            check = np.where(mask, compare(smask, omask), check)
            if mask.shape != check.shape:
                # Guarantee consistency of the shape, making a copy since the
                # the mask may need to get written to later.
                mask = np.broadcast_to(mask, check.shape).copy()

        check = check.view(type(self))
        check._update_from(self)
        check._mask = mask

        # Cast fill value to bool_ if needed. If it cannot be cast, the
        # default boolean fill value is used.
        if check._fill_value is not None:
            try:
                fill = _check_fill_value(check._fill_value, np.bool_)
            except (TypeError, ValueError):
                fill = _check_fill_value(None, np.bool_)
            check._fill_value = fill

        return check

    def __eq__(self, other):
        """Check whether other equals self elementwise.

        When either of the elements is masked, the result is masked as well,
        but the underlying boolean data are still set, with self and other
        considered equal if both are masked, and unequal otherwise.

        For structured arrays, all fields are combined, with masked values
        ignored. The result is masked if all fields were masked, with self
        and other considered equal only if both were fully masked.
        """
        return self._comparison(other, operator.eq)

    def __ne__(self, other):
        """Check whether other does not equal self elementwise.

        When either of the elements is masked, the result is masked as well,
        but the underlying boolean data are still set, with self and other
        considered equal if both are masked, and unequal otherwise.

        For structured arrays, all fields are combined, with masked values
        ignored. The result is masked if all fields were masked, with self
        and other considered equal only if both were fully masked.
        """
        return self._comparison(other, operator.ne)

    def __add__(self, other):
        """
        Add self to other, and return a new masked array.

        """
        if self._delegate_binop(other):
            return NotImplemented
        return add(self, other)

    def __radd__(self, other):
        """
        Add other to self, and return a new masked array.

        """
        # In analogy with __rsub__ and __rdiv__, use original order:
        # we get here from `other + self`.
        return add(other, self)

    def __sub__(self, other):
        """
        Subtract other from self, and return a new masked array.

        """
        if self._delegate_binop(other):
            return NotImplemented
        return subtract(self, other)

    def __rsub__(self, other):
        """
        Subtract self from other, and return a new masked array.

        """
        return subtract(other, self)

    def __mul__(self, other):
        "Multiply self by other, and return a new masked array."
        if self._delegate_binop(other):
            return NotImplemented
        return multiply(self, other)

    def __rmul__(self, other):
        """
        Multiply other by self, and return a new masked array.

        """
        # In analogy with __rsub__ and __rdiv__, use original order:
        # we get here from `other * self`.
        return multiply(other, self)

    def __div__(self, other):
        """
        Divide other into self, and return a new masked array.

        """
        if self._delegate_binop(other):
            return NotImplemented
        return divide(self, other)

    def __truediv__(self, other):
        """
        Divide other into self, and return a new masked array.

        """
        if self._delegate_binop(other):
            return NotImplemented
        return true_divide(self, other)

    def __rtruediv__(self, other):
        """
        Divide self into other, and return a new masked array.

        """
        return true_divide(other, self)

    def __floordiv__(self, other):
        """
        Divide other into self, and return a new masked array.

        """
        if self._delegate_binop(other):
            return NotImplemented
        return floor_divide(self, other)

    def __rfloordiv__(self, other):
        """
        Divide self into other, and return a new masked array.

        """
        return floor_divide(other, self)

    def __pow__(self, other):
        """
        Raise self to the power other, masking the potential NaNs/Infs

        """
        if self._delegate_binop(other):
            return NotImplemented
        return power(self, other)

    def __rpow__(self, other):
        """
        Raise other to the power self, masking the potential NaNs/Infs

        """
        return power(other, self)

    def __iadd__(self, other):
        """
        Add other to self in-place.

        """
        m = getmask(other)
        if self._mask is nomask:
            if m is not nomask and m.any():
                self._mask = make_mask_none(self.shape, self.dtype)
                self._mask += m
        else:
            if m is not nomask:
                self._mask += m
        self._data.__iadd__(np.where(self._mask, self.dtype.type(0),
                                     getdata(other)))
        return self

    def __isub__(self, other):
        """
        Subtract other from self in-place.

        """
        m = getmask(other)
        if self._mask is nomask:
            if m is not nomask and m.any():
                self._mask = make_mask_none(self.shape, self.dtype)
                self._mask += m
        elif m is not nomask:
            self._mask += m
        self._data.__isub__(np.where(self._mask, self.dtype.type(0),
                                     getdata(other)))
        return self

    def __imul__(self, other):
        """
        Multiply self by other in-place.

        """
        m = getmask(other)
        if self._mask is nomask:
            if m is not nomask and m.any():
                self._mask = make_mask_none(self.shape, self.dtype)
                self._mask += m
        elif m is not nomask:
            self._mask += m
        self._data.__imul__(np.where(self._mask, self.dtype.type(1),
                                     getdata(other)))
        return self

    def __idiv__(self, other):
        """
        Divide self by other in-place.

        """
        other_data = getdata(other)
        dom_mask = _DomainSafeDivide().__call__(self._data, other_data)
        other_mask = getmask(other)
        new_mask = mask_or(other_mask, dom_mask)
        # The following 3 lines control the domain filling
        if dom_mask.any():
            (_, fval) = ufunc_fills[np.divide]
            other_data = np.where(dom_mask, fval, other_data)
        self._mask |= new_mask
        self._data.__idiv__(np.where(self._mask, self.dtype.type(1),
                                     other_data))
        return self

    def __ifloordiv__(self, other):
        """
        Floor divide self by other in-place.

        """
        other_data = getdata(other)
        dom_mask = _DomainSafeDivide().__call__(self._data, other_data)
        other_mask = getmask(other)
        new_mask = mask_or(other_mask, dom_mask)
        # The following 3 lines control the domain filling
        if dom_mask.any():
            (_, fval) = ufunc_fills[np.floor_divide]
            other_data = np.where(dom_mask, fval, other_data)
        self._mask |= new_mask
        self._data.__ifloordiv__(np.where(self._mask, self.dtype.type(1),
                                          other_data))
        return self

    def __itruediv__(self, other):
        """
        True divide self by other in-place.

        """
        other_data = getdata(other)
        dom_mask = _DomainSafeDivide().__call__(self._data, other_data)
        other_mask = getmask(other)
        new_mask = mask_or(other_mask, dom_mask)
        # The following 3 lines control the domain filling
        if dom_mask.any():
            (_, fval) = ufunc_fills[np.true_divide]
            other_data = np.where(dom_mask, fval, other_data)
        self._mask |= new_mask
        self._data.__itruediv__(np.where(self._mask, self.dtype.type(1),
                                         other_data))
        return self

    def __ipow__(self, other):
        """
        Raise self to the power other, in place.

        """
        other_data = getdata(other)
        other_mask = getmask(other)
        with np.errstate(divide='ignore', invalid='ignore'):
            self._data.__ipow__(np.where(self._mask, self.dtype.type(1),
                                         other_data))
        invalid = np.logical_not(np.isfinite(self._data))
        if invalid.any():
            if self._mask is not nomask:
                self._mask |= invalid
            else:
                self._mask = invalid
            np.copyto(self._data, self.fill_value, where=invalid)
        new_mask = mask_or(other_mask, invalid)
        self._mask = mask_or(self._mask, new_mask)
        return self

    def __float__(self):
        """
        Convert to float.

        """
        if self.size > 1:
            raise TypeError("Only length-1 arrays can be converted "
                            "to Python scalars")
        elif self._mask:
            warnings.warn("Warning: converting a masked element to nan.", stacklevel=2)
            return np.nan
        return float(self.item())

    def __int__(self):
        """
        Convert to int.

        """
        if self.size > 1:
            raise TypeError("Only length-1 arrays can be converted "
                            "to Python scalars")
        elif self._mask:
            raise MaskError('Cannot convert masked element to a Python int.')
        return int(self.item())

    @property
    def imag(self):
        """
        The imaginary part of the masked array.

        This property is a view on the imaginary part of this `MaskedArray`.

        See Also
        --------
        real

        Examples
        --------
        >>> x = np.ma.array([1+1.j, -2j, 3.45+1.6j], mask=[False, True, False])
        >>> x.imag
        masked_array(data=[1.0, --, 1.6],
                     mask=[False,  True, False],
               fill_value=1e+20)

        """
        result = self._data.imag.view(type(self))
        result.__setmask__(self._mask)
        return result

    # kept for compatibility
    get_imag = imag.fget

    @property
    def real(self):
        """
        The real part of the masked array.

        This property is a view on the real part of this `MaskedArray`.

        See Also
        --------
        imag

        Examples
        --------
        >>> x = np.ma.array([1+1.j, -2j, 3.45+1.6j], mask=[False, True, False])
        >>> x.real
        masked_array(data=[1.0, --, 3.45],
                     mask=[False,  True, False],
               fill_value=1e+20)

        """
        result = self._data.real.view(type(self))
        result.__setmask__(self._mask)
        return result

    # kept for compatibility
    get_real = real.fget

    def count(self, axis=None, keepdims=np._NoValue):
        """
        Count the non-masked elements of the array along the given axis.

        Parameters
        ----------
        axis : None or int or tuple of ints, optional
            Axis or axes along which the count is performed.
            The default, None, performs the count over all
            the dimensions of the input array. `axis` may be negative, in
            which case it counts from the last to the first axis.

            .. versionadded:: 1.10.0

            If this is a tuple of ints, the count is performed on multiple
            axes, instead of a single axis or all the axes as before.
        keepdims : bool, optional
            If this is set to True, the axes which are reduced are left
            in the result as dimensions with size one. With this option,
            the result will broadcast correctly against the array.

        Returns
        -------
        result : ndarray or scalar
            An array with the same shape as the input array, with the specified
            axis removed. If the array is a 0-d array, or if `axis` is None, a
            scalar is returned.

        See Also
        --------
        count_masked : Count masked elements in array or along a given axis.

        Examples
        --------
        >>> import numpy.ma as ma
        >>> a = ma.arange(6).reshape((2, 3))
        >>> a[1, :] = ma.masked
        >>> a
        masked_array(
          data=[[0, 1, 2],
                [--, --, --]],
          mask=[[False, False, False],
                [ True,  True,  True]],
          fill_value=999999)
        >>> a.count()
        3

        When the `axis` keyword is specified an array of appropriate size is
        returned.

        >>> a.count(axis=0)
        array([1, 1, 1])
        >>> a.count(axis=1)
        array([3, 0])

        """
        kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

        m = self._mask
        # special case for matrices (we assume no other subclasses modify
        # their dimensions)
        if isinstance(self.data, np.matrix):
            if m is nomask:
                m = np.zeros(self.shape, dtype=np.bool_)
            m = m.view(type(self.data))

        if m is nomask:
            # compare to _count_reduce_items in _methods.py

            if self.shape == ():
                if axis not in (None, 0):
                    raise np.AxisError(axis=axis, ndim=self.ndim)
                return 1
            elif axis is None:
                if kwargs.get('keepdims', False):
                    return np.array(self.size, dtype=np.intp, ndmin=self.ndim)
                return self.size

            axes = normalize_axis_tuple(axis, self.ndim)
            items = 1
            for ax in axes:
                items *= self.shape[ax]

            if kwargs.get('keepdims', False):
                out_dims = list(self.shape)
                for a in axes:
                    out_dims[a] = 1
            else:
                out_dims = [d for n, d in enumerate(self.shape)
                            if n not in axes]
            # make sure to return a 0-d array if axis is supplied
            return np.full(out_dims, items, dtype=np.intp)

        # take care of the masked singleton
        if self is masked:
            return 0

        return (~m).sum(axis=axis, dtype=np.intp, **kwargs)

    def ravel(self, order='C'):
        """
        Returns a 1D version of self, as a view.

        Parameters
        ----------
        order : {'C', 'F', 'A', 'K'}, optional
            The elements of `a` are read using this index order. 'C' means to
            index the elements in C-like order, with the last axis index
            changing fastest, back to the first axis index changing slowest.
            'F' means to index the elements in Fortran-like index order, with
            the first index changing fastest, and the last index changing
            slowest. Note that the 'C' and 'F' options take no account of the
            memory layout of the underlying array, and only refer to the order
            of axis indexing.  'A' means to read the elements in Fortran-like
            index order if `m` is Fortran *contiguous* in memory, C-like order
            otherwise.  'K' means to read the elements in the order they occur
            in memory, except for reversing the data when strides are negative.
            By default, 'C' index order is used.

        Returns
        -------
        MaskedArray
            Output view is of shape ``(self.size,)`` (or
            ``(np.ma.product(self.shape),)``).

        Examples
        --------
        >>> x = np.ma.array([[1,2,3],[4,5,6],[7,8,9]], mask=[0] + [1,0]*4)
        >>> x
        masked_array(
          data=[[1, --, 3],
                [--, 5, --],
                [7, --, 9]],
          mask=[[False,  True, False],
                [ True, False,  True],
                [False,  True, False]],
          fill_value=999999)
        >>> x.ravel()
        masked_array(data=[1, --, 3, --, 5, --, 7, --, 9],
                     mask=[False,  True, False,  True, False,  True, False,  True,
                           False],
               fill_value=999999)

        """
        r = ndarray.ravel(self._data, order=order).view(type(self))
        r._update_from(self)
        if self._mask is not nomask:
            r._mask = ndarray.ravel(self._mask, order=order).reshape(r.shape)
        else:
            r._mask = nomask
        return r


    def reshape(self, *s, **kwargs):
        """
        Give a new shape to the array without changing its data.

        Returns a masked array containing the same data, but with a new shape.
        The result is a view on the original array; if this is not possible, a
        ValueError is raised.

        Parameters
        ----------
        shape : int or tuple of ints
            The new shape should be compatible with the original shape. If an
            integer is supplied, then the result will be a 1-D array of that
            length.
        order : {'C', 'F'}, optional
            Determines whether the array data should be viewed as in C
            (row-major) or FORTRAN (column-major) order.

        Returns
        -------
        reshaped_array : array
            A new view on the array.

        See Also
        --------
        reshape : Equivalent function in the masked array module.
        numpy.ndarray.reshape : Equivalent method on ndarray object.
        numpy.reshape : Equivalent function in the NumPy module.

        Notes
        -----
        The reshaping operation cannot guarantee that a copy will not be made,
        to modify the shape in place, use ``a.shape = s``

        Examples
        --------
        >>> x = np.ma.array([[1,2],[3,4]], mask=[1,0,0,1])
        >>> x
        masked_array(
          data=[[--, 2],
                [3, --]],
          mask=[[ True, False],
                [False,  True]],
          fill_value=999999)
        >>> x = x.reshape((4,1))
        >>> x
        masked_array(
          data=[[--],
                [2],
                [3],
                [--]],
          mask=[[ True],
                [False],
                [False],
                [ True]],
          fill_value=999999)

        """
        kwargs.update(order=kwargs.get('order', 'C'))
        result = self._data.reshape(*s, **kwargs).view(type(self))
        result._update_from(self)
        mask = self._mask
        if mask is not nomask:
            result._mask = mask.reshape(*s, **kwargs)
        return result

    def resize(self, newshape, refcheck=True, order=False):
        """
        .. warning::

            This method does nothing, except raise a ValueError exception. A
            masked array does not own its data and therefore cannot safely be
            resized in place. Use the `numpy.ma.resize` function instead.

        This method is difficult to implement safely and may be deprecated in
        future releases of NumPy.

        """
        # Note : the 'order' keyword looks broken, let's just drop it
        errmsg = "A masked array does not own its data "\
                 "and therefore cannot be resized.\n" \
                 "Use the numpy.ma.resize function instead."
        raise ValueError(errmsg)

    def put(self, indices, values, mode='raise'):
        """
        Set storage-indexed locations to corresponding values.

        Sets self._data.flat[n] = values[n] for each n in indices.
        If `values` is shorter than `indices` then it will repeat.
        If `values` has some masked values, the initial mask is updated
        in consequence, else the corresponding values are unmasked.

        Parameters
        ----------
        indices : 1-D array_like
            Target indices, interpreted as integers.
        values : array_like
            Values to place in self._data copy at target indices.
        mode : {'raise', 'wrap', 'clip'}, optional
            Specifies how out-of-bounds indices will behave.
            'raise' : raise an error.
            'wrap' : wrap around.
            'clip' : clip to the range.

        Notes
        -----
        `values` can be a scalar or length 1 array.

        Examples
        --------
        >>> x = np.ma.array([[1,2,3],[4,5,6],[7,8,9]], mask=[0] + [1,0]*4)
        >>> x
        masked_array(
          data=[[1, --, 3],
                [--, 5, --],
                [7, --, 9]],
          mask=[[False,  True, False],
                [ True, False,  True],
                [False,  True, False]],
          fill_value=999999)
        >>> x.put([0,4,8],[10,20,30])
        >>> x
        masked_array(
          data=[[10, --, 3],
                [--, 20, --],
                [7, --, 30]],
          mask=[[False,  True, False],
                [ True, False,  True],
                [False,  True, False]],
          fill_value=999999)

        >>> x.put(4,999)
        >>> x
        masked_array(
          data=[[10, --, 3],
                [--, 999, --],
                [7, --, 30]],
          mask=[[False,  True, False],
                [ True, False,  True],
                [False,  True, False]],
          fill_value=999999)

        """
        # Hard mask: Get rid of the values/indices that fall on masked data
        if self._hardmask and self._mask is not nomask:
            mask = self._mask[indices]
            indices = narray(indices, copy=False)
            values = narray(values, copy=False, subok=True)
            values.resize(indices.shape)
            indices = indices[~mask]
            values = values[~mask]

        self._data.put(indices, values, mode=mode)

        # short circuit if neither self nor values are masked
        if self._mask is nomask and getmask(values) is nomask:
            return

        m = getmaskarray(self)

        if getmask(values) is nomask:
            m.put(indices, False, mode=mode)
        else:
            m.put(indices, values._mask, mode=mode)
        m = make_mask(m, copy=False, shrink=True)
        self._mask = m
        return

    def ids(self):
        """
        Return the addresses of the data and mask areas.

        Parameters
        ----------
        None

        Examples
        --------
        >>> x = np.ma.array([1, 2, 3], mask=[0, 1, 1])
        >>> x.ids()
        (166670640, 166659832) # may vary

        If the array has no mask, the address of `nomask` is returned. This address
        is typically not close to the data in memory:

        >>> x = np.ma.array([1, 2, 3])
        >>> x.ids()
        (166691080, 3083169284) # may vary

        """
        if self._mask is nomask:
            return (self.ctypes.data, id(nomask))
        return (self.ctypes.data, self._mask.ctypes.data)

    def iscontiguous(self):
        """
        Return a boolean indicating whether the data is contiguous.

        Parameters
        ----------
        None

        Examples
        --------
        >>> x = np.ma.array([1, 2, 3])
        >>> x.iscontiguous()
        True

        `iscontiguous` returns one of the flags of the masked array:

        >>> x.flags
          C_CONTIGUOUS : True
          F_CONTIGUOUS : True
          OWNDATA : False
          WRITEABLE : True
          ALIGNED : True
          WRITEBACKIFCOPY : False
          UPDATEIFCOPY : False

        """
        return self.flags['CONTIGUOUS']

    def all(self, axis=None, out=None, keepdims=np._NoValue):
        """
        Returns True if all elements evaluate to True.

        The output array is masked where all the values along the given axis
        are masked: if the output would have been a scalar and that all the
        values are masked, then the output is `masked`.

        Refer to `numpy.all` for full documentation.

        See Also
        --------
        numpy.ndarray.all : corresponding function for ndarrays
        numpy.all : equivalent function

        Examples
        --------
        >>> np.ma.array([1,2,3]).all()
        True
        >>> a = np.ma.array([1,2,3], mask=True)
        >>> (a.all() is np.ma.masked)
        True

        """
        kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

        mask = _check_mask_axis(self._mask, axis, **kwargs)
        if out is None:
            d = self.filled(True).all(axis=axis, **kwargs).view(type(self))
            if d.ndim:
                d.__setmask__(mask)
            elif mask:
                return masked
            return d
        self.filled(True).all(axis=axis, out=out, **kwargs)
        if isinstance(out, MaskedArray):
            if out.ndim or mask:
                out.__setmask__(mask)
        return out

    def any(self, axis=None, out=None, keepdims=np._NoValue):
        """
        Returns True if any of the elements of `a` evaluate to True.

        Masked values are considered as False during computation.

        Refer to `numpy.any` for full documentation.

        See Also
        --------
        numpy.ndarray.any : corresponding function for ndarrays
        numpy.any : equivalent function

        """
        kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

        mask = _check_mask_axis(self._mask, axis, **kwargs)
        if out is None:
            d = self.filled(False).any(axis=axis, **kwargs).view(type(self))
            if d.ndim:
                d.__setmask__(mask)
            elif mask:
                d = masked
            return d
        self.filled(False).any(axis=axis, out=out, **kwargs)
        if isinstance(out, MaskedArray):
            if out.ndim or mask:
                out.__setmask__(mask)
        return out

    def nonzero(self):
        """
        Return the indices of unmasked elements that are not zero.

        Returns a tuple of arrays, one for each dimension, containing the
        indices of the non-zero elements in that dimension. The corresponding
        non-zero values can be obtained with::

            a[a.nonzero()]

        To group the indices by element, rather than dimension, use
        instead::

            np.transpose(a.nonzero())

        The result of this is always a 2d array, with a row for each non-zero
        element.

        Parameters
        ----------
        None

        Returns
        -------
        tuple_of_arrays : tuple
            Indices of elements that are non-zero.

        See Also
        --------
        numpy.nonzero :
            Function operating on ndarrays.
        flatnonzero :
            Return indices that are non-zero in the flattened version of the input
            array.
        numpy.ndarray.nonzero :
            Equivalent ndarray method.
        count_nonzero :
            Counts the number of non-zero elements in the input array.

        Examples
        --------
        >>> import numpy.ma as ma
        >>> x = ma.array(np.eye(3))
        >>> x
        masked_array(
          data=[[1., 0., 0.],
                [0., 1., 0.],
                [0., 0., 1.]],
          mask=False,
          fill_value=1e+20)
        >>> x.nonzero()
        (array([0, 1, 2]), array([0, 1, 2]))

        Masked elements are ignored.

        >>> x[1, 1] = ma.masked
        >>> x
        masked_array(
          data=[[1.0, 0.0, 0.0],
                [0.0, --, 0.0],
                [0.0, 0.0, 1.0]],
          mask=[[False, False, False],
                [False,  True, False],
                [False, False, False]],
          fill_value=1e+20)
        >>> x.nonzero()
        (array([0, 2]), array([0, 2]))

        Indices can also be grouped by element.

        >>> np.transpose(x.nonzero())
        array([[0, 0],
               [2, 2]])

        A common use for ``nonzero`` is to find the indices of an array, where
        a condition is True.  Given an array `a`, the condition `a` > 3 is a
        boolean array and since False is interpreted as 0, ma.nonzero(a > 3)
        yields the indices of the `a` where the condition is true.

        >>> a = ma.array([[1,2,3],[4,5,6],[7,8,9]])
        >>> a > 3
        masked_array(
          data=[[False, False, False],
                [ True,  True,  True],
                [ True,  True,  True]],
          mask=False,
          fill_value=True)
        >>> ma.nonzero(a > 3)
        (array([1, 1, 1, 2, 2, 2]), array([0, 1, 2, 0, 1, 2]))

        The ``nonzero`` method of the condition array can also be called.

        >>> (a > 3).nonzero()
        (array([1, 1, 1, 2, 2, 2]), array([0, 1, 2, 0, 1, 2]))

        """
        return narray(self.filled(0), copy=False).nonzero()

    def trace(self, offset=0, axis1=0, axis2=1, dtype=None, out=None):
        """
        (this docstring should be overwritten)
        """
        #!!!: implement out + test!
        m = self._mask
        if m is nomask:
            result = super(MaskedArray, self).trace(offset=offset, axis1=axis1,
                                                    axis2=axis2, out=out)
            return result.astype(dtype)
        else:
            D = self.diagonal(offset=offset, axis1=axis1, axis2=axis2)
            return D.astype(dtype).filled(0).sum(axis=-1, out=out)
    trace.__doc__ = ndarray.trace.__doc__

    def dot(self, b, out=None, strict=False):
        """
        a.dot(b, out=None)

        Masked dot product of two arrays. Note that `out` and `strict` are
        located in different positions than in `ma.dot`. In order to
        maintain compatibility with the functional version, it is
        recommended that the optional arguments be treated as keyword only.
        At some point that may be mandatory.

        .. versionadded:: 1.10.0

        Parameters
        ----------
        b : masked_array_like
            Inputs array.
        out : masked_array, optional
            Output argument. This must have the exact kind that would be
            returned if it was not used. In particular, it must have the
            right type, must be C-contiguous, and its dtype must be the
            dtype that would be returned for `ma.dot(a,b)`. This is a
            performance feature. Therefore, if these conditions are not
            met, an exception is raised, instead of attempting to be
            flexible.
        strict : bool, optional
            Whether masked data are propagated (True) or set to 0 (False)
            for the computation. Default is False.  Propagating the mask
            means that if a masked value appears in a row or column, the
            whole row or column is considered masked.

            .. versionadded:: 1.10.2

        See Also
        --------
        numpy.ma.dot : equivalent function

        """
        return dot(self, b, out=out, strict=strict)

    def sum(self, axis=None, dtype=None, out=None, keepdims=np._NoValue):
        """
        Return the sum of the array elements over the given axis.

        Masked elements are set to 0 internally.

        Refer to `numpy.sum` for full documentation.

        See Also
        --------
        numpy.ndarray.sum : corresponding function for ndarrays
        numpy.sum : equivalent function

        Examples
        --------
        >>> x = np.ma.array([[1,2,3],[4,5,6],[7,8,9]], mask=[0] + [1,0]*4)
        >>> x
        masked_array(
          data=[[1, --, 3],
                [--, 5, --],
                [7, --, 9]],
          mask=[[False,  True, False],
                [ True, False,  True],
                [False,  True, False]],
          fill_value=999999)
        >>> x.sum()
        25
        >>> x.sum(axis=1)
        masked_array(data=[4, 5, 16],
                     mask=[False, False, False],
               fill_value=999999)
        >>> x.sum(axis=0)
        masked_array(data=[8, 5, 12],
                     mask=[False, False, False],
               fill_value=999999)
        >>> print(type(x.sum(axis=0, dtype=np.int64)[0]))
        <class 'numpy.int64'>

        """
        kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

        _mask = self._mask
        newmask = _check_mask_axis(_mask, axis, **kwargs)
        # No explicit output
        if out is None:
            result = self.filled(0).sum(axis, dtype=dtype, **kwargs)
            rndim = getattr(result, 'ndim', 0)
            if rndim:
                result = result.view(type(self))
                result.__setmask__(newmask)
            elif newmask:
                result = masked
            return result
        # Explicit output
        result = self.filled(0).sum(axis, dtype=dtype, out=out, **kwargs)
        if isinstance(out, MaskedArray):
            outmask = getmask(out)
            if outmask is nomask:
                outmask = out._mask = make_mask_none(out.shape)
            outmask.flat = newmask
        return out

    def cumsum(self, axis=None, dtype=None, out=None):
        """
        Return the cumulative sum of the array elements over the given axis.

        Masked values are set to 0 internally during the computation.
        However, their position is saved, and the result will be masked at
        the same locations.

        Refer to `numpy.cumsum` for full documentation.

        Notes
        -----
        The mask is lost if `out` is not a valid :class:`MaskedArray` !

        Arithmetic is modular when using integer types, and no error is
        raised on overflow.

        See Also
        --------
        numpy.ndarray.cumsum : corresponding function for ndarrays
        numpy.cumsum : equivalent function

        Examples
        --------
        >>> marr = np.ma.array(np.arange(10), mask=[0,0,0,1,1,1,0,0,0,0])
        >>> marr.cumsum()
        masked_array(data=[0, 1, 3, --, --, --, 9, 16, 24, 33],
                     mask=[False, False, False,  True,  True,  True, False, False,
                           False, False],
               fill_value=999999)

        """
        result = self.filled(0).cumsum(axis=axis, dtype=dtype, out=out)
        if out is not None:
            if isinstance(out, MaskedArray):
                out.__setmask__(self.mask)
            return out
        result = result.view(type(self))
        result.__setmask__(self._mask)
        return result

    def prod(self, axis=None, dtype=None, out=None, keepdims=np._NoValue):
        """
        Return the product of the array elements over the given axis.

        Masked elements are set to 1 internally for computation.

        Refer to `numpy.prod` for full documentation.

        Notes
        -----
        Arithmetic is modular when using integer types, and no error is raised
        on overflow.

        See Also
        --------
        numpy.ndarray.prod : corresponding function for ndarrays
        numpy.prod : equivalent function
        """
        kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

        _mask = self._mask
        newmask = _check_mask_axis(_mask, axis, **kwargs)
        # No explicit output
        if out is None:
            result = self.filled(1).prod(axis, dtype=dtype, **kwargs)
            rndim = getattr(result, 'ndim', 0)
            if rndim:
                result = result.view(type(self))
                result.__setmask__(newmask)
            elif newmask:
                result = masked
            return result
        # Explicit output
        result = self.filled(1).prod(axis, dtype=dtype, out=out, **kwargs)
        if isinstance(out, MaskedArray):
            outmask = getmask(out)
            if outmask is nomask:
                outmask = out._mask = make_mask_none(out.shape)
            outmask.flat = newmask
        return out
    product = prod

    def cumprod(self, axis=None, dtype=None, out=None):
        """
        Return the cumulative product of the array elements over the given axis.

        Masked values are set to 1 internally during the computation.
        However, their position is saved, and the result will be masked at
        the same locations.

        Refer to `numpy.cumprod` for full documentation.

        Notes
        -----
        The mask is lost if `out` is not a valid MaskedArray !

        Arithmetic is modular when using integer types, and no error is
        raised on overflow.

        See Also
        --------
        numpy.ndarray.cumprod : corresponding function for ndarrays
        numpy.cumprod : equivalent function
        """
        result = self.filled(1).cumprod(axis=axis, dtype=dtype, out=out)
        if out is not None:
            if isinstance(out, MaskedArray):
                out.__setmask__(self._mask)
            return out
        result = result.view(type(self))
        result.__setmask__(self._mask)
        return result

    def mean(self, axis=None, dtype=None, out=None, keepdims=np._NoValue):
        """
        Returns the average of the array elements along given axis.

        Masked entries are ignored, and result elements which are not
        finite will be masked.

        Refer to `numpy.mean` for full documentation.

        See Also
        --------
        numpy.ndarray.mean : corresponding function for ndarrays
        numpy.mean : Equivalent function
        numpy.ma.average: Weighted average.

        Examples
        --------
        >>> a = np.ma.array([1,2,3], mask=[False, False, True])
        >>> a
        masked_array(data=[1, 2, --],
                     mask=[False, False,  True],
               fill_value=999999)
        >>> a.mean()
        1.5

        """
        kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

        if self._mask is nomask:
            result = super(MaskedArray, self).mean(axis=axis,
                                                   dtype=dtype, **kwargs)[()]
        else:
            dsum = self.sum(axis=axis, dtype=dtype, **kwargs)
            cnt = self.count(axis=axis, **kwargs)
            if cnt.shape == () and (cnt == 0):
                result = masked
            else:
                result = dsum * 1. / cnt
        if out is not None:
            out.flat = result
            if isinstance(out, MaskedArray):
                outmask = getmask(out)
                if outmask is nomask:
                    outmask = out._mask = make_mask_none(out.shape)
                outmask.flat = getmask(result)
            return out
        return result

    def anom(self, axis=None, dtype=None):
        """
        Compute the anomalies (deviations from the arithmetic mean)
        along the given axis.

        Returns an array of anomalies, with the same shape as the input and
        where the arithmetic mean is computed along the given axis.

        Parameters
        ----------
        axis : int, optional
            Axis over which the anomalies are taken.
            The default is to use the mean of the flattened array as reference.
        dtype : dtype, optional
            Type to use in computing the variance. For arrays of integer type
             the default is float32; for arrays of float types it is the same as
             the array type.

        See Also
        --------
        mean : Compute the mean of the array.

        Examples
        --------
        >>> a = np.ma.array([1,2,3])
        >>> a.anom()
        masked_array(data=[-1.,  0.,  1.],
                     mask=False,
               fill_value=1e+20)

        """
        m = self.mean(axis, dtype)
        if m is masked:
            return m

        if not axis:
            return self - m
        else:
            return self - expand_dims(m, axis)

    def var(self, axis=None, dtype=None, out=None, ddof=0,
            keepdims=np._NoValue):
        """
        Returns the variance of the array elements along given axis.

        Masked entries are ignored, and result elements which are not
        finite will be masked.

        Refer to `numpy.var` for full documentation.

        See Also
        --------
        numpy.ndarray.var : corresponding function for ndarrays
        numpy.var : Equivalent function
        """
        kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

        # Easy case: nomask, business as usual
        if self._mask is nomask:
            ret = super(MaskedArray, self).var(axis=axis, dtype=dtype, out=out,
                                               ddof=ddof, **kwargs)[()]
            if out is not None:
                if isinstance(out, MaskedArray):
                    out.__setmask__(nomask)
                return out
            return ret

        # Some data are masked, yay!
        cnt = self.count(axis=axis, **kwargs) - ddof
        danom = self - self.mean(axis, dtype, keepdims=True)
        if iscomplexobj(self):
            danom = umath.absolute(danom) ** 2
        else:
            danom *= danom
        dvar = divide(danom.sum(axis, **kwargs), cnt).view(type(self))
        # Apply the mask if it's not a scalar
        if dvar.ndim:
            dvar._mask = mask_or(self._mask.all(axis, **kwargs), (cnt <= 0))
            dvar._update_from(self)
        elif getmask(dvar):
            # Make sure that masked is returned when the scalar is masked.
            dvar = masked
            if out is not None:
                if isinstance(out, MaskedArray):
                    out.flat = 0
                    out.__setmask__(True)
                elif out.dtype.kind in 'biu':
                    errmsg = "Masked data information would be lost in one or "\
                             "more location."
                    raise MaskError(errmsg)
                else:
                    out.flat = np.nan
                return out
        # In case with have an explicit output
        if out is not None:
            # Set the data
            out.flat = dvar
            # Set the mask if needed
            if isinstance(out, MaskedArray):
                out.__setmask__(dvar.mask)
            return out
        return dvar
    var.__doc__ = np.var.__doc__

    def std(self, axis=None, dtype=None, out=None, ddof=0,
            keepdims=np._NoValue):
        """
        Returns the standard deviation of the array elements along given axis.

        Masked entries are ignored.

        Refer to `numpy.std` for full documentation.

        See Also
        --------
        numpy.ndarray.std : corresponding function for ndarrays
        numpy.std : Equivalent function
        """
        kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

        dvar = self.var(axis, dtype, out, ddof, **kwargs)
        if dvar is not masked:
            if out is not None:
                np.power(out, 0.5, out=out, casting='unsafe')
                return out
            dvar = sqrt(dvar)
        return dvar

    def round(self, decimals=0, out=None):
        """
        Return each element rounded to the given number of decimals.

        Refer to `numpy.around` for full documentation.

        See Also
        --------
        numpy.ndarray.around : corresponding function for ndarrays
        numpy.around : equivalent function
        """
        result = self._data.round(decimals=decimals, out=out).view(type(self))
        if result.ndim > 0:
            result._mask = self._mask
            result._update_from(self)
        elif self._mask:
            # Return masked when the scalar is masked
            result = masked
        # No explicit output: we're done
        if out is None:
            return result
        if isinstance(out, MaskedArray):
            out.__setmask__(self._mask)
        return out

    def argsort(self, axis=np._NoValue, kind=None, order=None,
                endwith=True, fill_value=None):
        """
        Return an ndarray of indices that sort the array along the
        specified axis.  Masked values are filled beforehand to
        `fill_value`.

        Parameters
        ----------
        axis : int, optional
            Axis along which to sort. If None, the default, the flattened array
            is used.

            ..  versionchanged:: 1.13.0
                Previously, the default was documented to be -1, but that was
                in error. At some future date, the default will change to -1, as
                originally intended.
                Until then, the axis should be given explicitly when
                ``arr.ndim > 1``, to avoid a FutureWarning.
        kind : {'quicksort', 'mergesort', 'heapsort', 'stable'}, optional
            The sorting algorithm used.
        order : list, optional
            When `a` is an array with fields defined, this argument specifies
            which fields to compare first, second, etc.  Not all fields need be
            specified.
        endwith : {True, False}, optional
            Whether missing values (if any) should be treated as the largest values
            (True) or the smallest values (False)
            When the array contains unmasked values at the same extremes of the
            datatype, the ordering of these values and the masked values is
            undefined.
        fill_value : {var}, optional
            Value used internally for the masked values.
            If ``fill_value`` is not None, it supersedes ``endwith``.

        Returns
        -------
        index_array : ndarray, int
            Array of indices that sort `a` along the specified axis.
            In other words, ``a[index_array]`` yields a sorted `a`.

        See Also
        --------
        MaskedArray.sort : Describes sorting algorithms used.
        lexsort : Indirect stable sort with multiple keys.
        numpy.ndarray.sort : Inplace sort.

        Notes
        -----
        See `sort` for notes on the different sorting algorithms.

        Examples
        --------
        >>> a = np.ma.array([3,2,1], mask=[False, False, True])
        >>> a
        masked_array(data=[3, 2, --],
                     mask=[False, False,  True],
               fill_value=999999)
        >>> a.argsort()
        array([1, 0, 2])

        """

        # 2017-04-11, Numpy 1.13.0, gh-8701: warn on axis default
        if axis is np._NoValue:
            axis = _deprecate_argsort_axis(self)

        if fill_value is None:
            if endwith:
                # nan > inf
                if np.issubdtype(self.dtype, np.floating):
                    fill_value = np.nan
                else:
                    fill_value = minimum_fill_value(self)
            else:
                fill_value = maximum_fill_value(self)

        filled = self.filled(fill_value)
        return filled.argsort(axis=axis, kind=kind, order=order)

    def argmin(self, axis=None, fill_value=None, out=None):
        """
        Return array of indices to the minimum values along the given axis.

        Parameters
        ----------
        axis : {None, integer}
            If None, the index is into the flattened array, otherwise along
            the specified axis
        fill_value : {var}, optional
            Value used to fill in the masked values.  If None, the output of
            minimum_fill_value(self._data) is used instead.
        out : {None, array}, optional
            Array into which the result can be placed. Its type is preserved
            and it must be of the right shape to hold the output.

        Returns
        -------
        ndarray or scalar
            If multi-dimension input, returns a new ndarray of indices to the
            minimum values along the given axis.  Otherwise, returns a scalar
            of index to the minimum values along the given axis.

        Examples
        --------
        >>> x = np.ma.array(np.arange(4), mask=[1,1,0,0])
        >>> x.shape = (2,2)
        >>> x
        masked_array(
          data=[[--, --],
                [2, 3]],
          mask=[[ True,  True],
                [False, False]],
          fill_value=999999)
        >>> x.argmin(axis=0, fill_value=-1)
        array([0, 0])
        >>> x.argmin(axis=0, fill_value=9)
        array([1, 1])

        """
        if fill_value is None:
            fill_value = minimum_fill_value(self)
        d = self.filled(fill_value).view(ndarray)
        return d.argmin(axis, out=out)

    def argmax(self, axis=None, fill_value=None, out=None):
        """
        Returns array of indices of the maximum values along the given axis.
        Masked values are treated as if they had the value fill_value.

        Parameters
        ----------
        axis : {None, integer}
            If None, the index is into the flattened array, otherwise along
            the specified axis
        fill_value : {var}, optional
            Value used to fill in the masked values.  If None, the output of
            maximum_fill_value(self._data) is used instead.
        out : {None, array}, optional
            Array into which the result can be placed. Its type is preserved
            and it must be of the right shape to hold the output.

        Returns
        -------
        index_array : {integer_array}

        Examples
        --------
        >>> a = np.arange(6).reshape(2,3)
        >>> a.argmax()
        5
        >>> a.argmax(0)
        array([1, 1, 1])
        >>> a.argmax(1)
        array([2, 2])

        """
        if fill_value is None:
            fill_value = maximum_fill_value(self._data)
        d = self.filled(fill_value).view(ndarray)
        return d.argmax(axis, out=out)

    def sort(self, axis=-1, kind=None, order=None,
             endwith=True, fill_value=None):
        """
        Sort the array, in-place

        Parameters
        ----------
        a : array_like
            Array to be sorted.
        axis : int, optional
            Axis along which to sort. If None, the array is flattened before
            sorting. The default is -1, which sorts along the last axis.
        kind : {'quicksort', 'mergesort', 'heapsort', 'stable'}, optional
            The sorting algorithm used.
        order : list, optional
            When `a` is a structured array, this argument specifies which fields
            to compare first, second, and so on.  This list does not need to
            include all of the fields.
        endwith : {True, False}, optional
            Whether missing values (if any) should be treated as the largest values
            (True) or the smallest values (False)
            When the array contains unmasked values sorting at the same extremes of the
            datatype, the ordering of these values and the masked values is
            undefined.
        fill_value : {var}, optional
            Value used internally for the masked values.
            If ``fill_value`` is not None, it supersedes ``endwith``.

        Returns
        -------
        sorted_array : ndarray
            Array of the same type and shape as `a`.

        See Also
        --------
        numpy.ndarray.sort : Method to sort an array in-place.
        argsort : Indirect sort.
        lexsort : Indirect stable sort on multiple keys.
        searchsorted : Find elements in a sorted array.

        Notes
        -----
        See ``sort`` for notes on the different sorting algorithms.

        Examples
        --------
        >>> a = np.ma.array([1, 2, 5, 4, 3],mask=[0, 1, 0, 1, 0])
        >>> # Default
        >>> a.sort()
        >>> a
        masked_array(data=[1, 3, 5, --, --],
                     mask=[False, False, False,  True,  True],
               fill_value=999999)

        >>> a = np.ma.array([1, 2, 5, 4, 3],mask=[0, 1, 0, 1, 0])
        >>> # Put missing values in the front
        >>> a.sort(endwith=False)
        >>> a
        masked_array(data=[--, --, 1, 3, 5],
                     mask=[ True,  True, False, False, False],
               fill_value=999999)

        >>> a = np.ma.array([1, 2, 5, 4, 3],mask=[0, 1, 0, 1, 0])
        >>> # fill_value takes over endwith
        >>> a.sort(endwith=False, fill_value=3)
        >>> a
        masked_array(data=[1, --, --, 3, 5],
                     mask=[False,  True,  True, False, False],
               fill_value=999999)

        """
        if self._mask is nomask:
            ndarray.sort(self, axis=axis, kind=kind, order=order)
            return

        if self is masked:
            return

        sidx = self.argsort(axis=axis, kind=kind, order=order,
                            fill_value=fill_value, endwith=endwith)

        self[...] = np.take_along_axis(self, sidx, axis=axis)

    def min(self, axis=None, out=None, fill_value=None, keepdims=np._NoValue):
        """
        Return the minimum along a given axis.

        Parameters
        ----------
        axis : {None, int}, optional
            Axis along which to operate.  By default, ``axis`` is None and the
            flattened input is used.
        out : array_like, optional
            Alternative output array in which to place the result.  Must be of
            the same shape and buffer length as the expected output.
        fill_value : {var}, optional
            Value used to fill in the masked values.
            If None, use the output of `minimum_fill_value`.
        keepdims : bool, optional
            If this is set to True, the axes which are reduced are left
            in the result as dimensions with size one. With this option,
            the result will broadcast correctly against the array.

        Returns
        -------
        amin : array_like
            New array holding the result.
            If ``out`` was specified, ``out`` is returned.

        See Also
        --------
        minimum_fill_value
            Returns the minimum filling value for a given datatype.

        """
        kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

        _mask = self._mask
        newmask = _check_mask_axis(_mask, axis, **kwargs)
        if fill_value is None:
            fill_value = minimum_fill_value(self)
        # No explicit output
        if out is None:
            result = self.filled(fill_value).min(
                axis=axis, out=out, **kwargs).view(type(self))
            if result.ndim:
                # Set the mask
                result.__setmask__(newmask)
                # Get rid of Infs
                if newmask.ndim:
                    np.copyto(result, result.fill_value, where=newmask)
            elif newmask:
                result = masked
            return result
        # Explicit output
        result = self.filled(fill_value).min(axis=axis, out=out, **kwargs)
        if isinstance(out, MaskedArray):
            outmask = getmask(out)
            if outmask is nomask:
                outmask = out._mask = make_mask_none(out.shape)
            outmask.flat = newmask
        else:
            if out.dtype.kind in 'biu':
                errmsg = "Masked data information would be lost in one or more"\
                         " location."
                raise MaskError(errmsg)
            np.copyto(out, np.nan, where=newmask)
        return out

    # unique to masked arrays
    def mini(self, axis=None):
        """
        Return the array minimum along the specified axis.

        .. deprecated:: 1.13.0
           This function is identical to both:

            * ``self.min(keepdims=True, axis=axis).squeeze(axis=axis)``
            * ``np.ma.minimum.reduce(self, axis=axis)``

           Typically though, ``self.min(axis=axis)`` is sufficient.

        Parameters
        ----------
        axis : int, optional
            The axis along which to find the minima. Default is None, in which case
            the minimum value in the whole array is returned.

        Returns
        -------
        min : scalar or MaskedArray
            If `axis` is None, the result is a scalar. Otherwise, if `axis` is
            given and the array is at least 2-D, the result is a masked array with
            dimension one smaller than the array on which `mini` is called.

        Examples
        --------
        >>> x = np.ma.array(np.arange(6), mask=[0 ,1, 0, 0, 0 ,1]).reshape(3, 2)
        >>> x
        masked_array(
          data=[[0, --],
                [2, 3],
                [4, --]],
          mask=[[False,  True],
                [False, False],
                [False,  True]],
          fill_value=999999)
        >>> x.mini()
        masked_array(data=0,
                     mask=False,
               fill_value=999999)
        >>> x.mini(axis=0)
        masked_array(data=[0, 3],
                     mask=[False, False],
               fill_value=999999)
        >>> x.mini(axis=1)
        masked_array(data=[0, 2, 4],
                     mask=[False, False, False],
               fill_value=999999)

        There is a small difference between `mini` and `min`:

        >>> x[:,1].mini(axis=0)
        masked_array(data=3,
                     mask=False,
               fill_value=999999)
        >>> x[:,1].min(axis=0)
        3
        """

        # 2016-04-13, 1.13.0, gh-8764
        warnings.warn(
            "`mini` is deprecated; use the `min` method or "
            "`np.ma.minimum.reduce instead.",
            DeprecationWarning, stacklevel=2)
        return minimum.reduce(self, axis)

    def max(self, axis=None, out=None, fill_value=None, keepdims=np._NoValue):
        """
        Return the maximum along a given axis.

        Parameters
        ----------
        axis : {None, int}, optional
            Axis along which to operate.  By default, ``axis`` is None and the
            flattened input is used.
        out : array_like, optional
            Alternative output array in which to place the result.  Must
            be of the same shape and buffer length as the expected output.
        fill_value : {var}, optional
            Value used to fill in the masked values.
            If None, use the output of maximum_fill_value().
        keepdims : bool, optional
            If this is set to True, the axes which are reduced are left
            in the result as dimensions with size one. With this option,
            the result will broadcast correctly against the array.

        Returns
        -------
        amax : array_like
            New array holding the result.
            If ``out`` was specified, ``out`` is returned.

        See Also
        --------
        maximum_fill_value
            Returns the maximum filling value for a given datatype.

        """
        kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

        _mask = self._mask
        newmask = _check_mask_axis(_mask, axis, **kwargs)
        if fill_value is None:
            fill_value = maximum_fill_value(self)
        # No explicit output
        if out is None:
            result = self.filled(fill_value).max(
                axis=axis, out=out, **kwargs).view(type(self))
            if result.ndim:
                # Set the mask
                result.__setmask__(newmask)
                # Get rid of Infs
                if newmask.ndim:
                    np.copyto(result, result.fill_value, where=newmask)
            elif newmask:
                result = masked
            return result
        # Explicit output
        result = self.filled(fill_value).max(axis=axis, out=out, **kwargs)
        if isinstance(out, MaskedArray):
            outmask = getmask(out)
            if outmask is nomask:
                outmask = out._mask = make_mask_none(out.shape)
            outmask.flat = newmask
        else:

            if out.dtype.kind in 'biu':
                errmsg = "Masked data information would be lost in one or more"\
                         " location."
                raise MaskError(errmsg)
            np.copyto(out, np.nan, where=newmask)
        return out

    def ptp(self, axis=None, out=None, fill_value=None, keepdims=False):
        """
        Return (maximum - minimum) along the given dimension
        (i.e. peak-to-peak value).

        .. warning::
            `ptp` preserves the data type of the array. This means the
            return value for an input of signed integers with n bits
            (e.g. `np.int8`, `np.int16`, etc) is also a signed integer
            with n bits.  In that case, peak-to-peak values greater than
            ``2**(n-1)-1`` will be returned as negative values. An example
            with a work-around is shown below.

        Parameters
        ----------
        axis : {None, int}, optional
            Axis along which to find the peaks.  If None (default) the
            flattened array is used.
        out : {None, array_like}, optional
            Alternative output array in which to place the result. It must
            have the same shape and buffer length as the expected output
            but the type will be cast if necessary.
        fill_value : {var}, optional
            Value used to fill in the masked values.
        keepdims : bool, optional
            If this is set to True, the axes which are reduced are left
            in the result as dimensions with size one. With this option,
            the result will broadcast correctly against the array.

        Returns
        -------
        ptp : ndarray.
            A new array holding the result, unless ``out`` was
            specified, in which case a reference to ``out`` is returned.

        Examples
        --------
        >>> x = np.ma.MaskedArray([[4, 9, 2, 10],
        ...                        [6, 9, 7, 12]])

        >>> x.ptp(axis=1)
        masked_array(data=[8, 6],
                     mask=False,
               fill_value=999999)

        >>> x.ptp(axis=0)
        masked_array(data=[2, 0, 5, 2],
                     mask=False,
               fill_value=999999)

        >>> x.ptp()
        10

        This example shows that a negative value can be returned when
        the input is an array of signed integers.

        >>> y = np.ma.MaskedArray([[1, 127],
        ...                        [0, 127],
        ...                        [-1, 127],
        ...                        [-2, 127]], dtype=np.int8)
        >>> y.ptp(axis=1)
        masked_array(data=[ 126,  127, -128, -127],
                     mask=False,
               fill_value=999999,
                    dtype=int8)

        A work-around is to use the `view()` method to view the result as
        unsigned integers with the same bit width:

        >>> y.ptp(axis=1).view(np.uint8)
        masked_array(data=[126, 127, 128, 129],
                     mask=False,
               fill_value=999999,
                    dtype=uint8)
        """
        if out is None:
            result = self.max(axis=axis, fill_value=fill_value,
                              keepdims=keepdims)
            result -= self.min(axis=axis, fill_value=fill_value,
                               keepdims=keepdims)
            return result
        out.flat = self.max(axis=axis, out=out, fill_value=fill_value,
                            keepdims=keepdims)
        min_value = self.min(axis=axis, fill_value=fill_value,
                             keepdims=keepdims)
        np.subtract(out, min_value, out=out, casting='unsafe')
        return out

    def partition(self, *args, **kwargs):
        warnings.warn("Warning: 'partition' will ignore the 'mask' "
                      f"of the {self.__class__.__name__}.",
                      stacklevel=2)
        return super(MaskedArray, self).partition(*args, **kwargs)

    def argpartition(self, *args, **kwargs):
        warnings.warn("Warning: 'argpartition' will ignore the 'mask' "
                      f"of the {self.__class__.__name__}.",
                      stacklevel=2)
        return super(MaskedArray, self).argpartition(*args, **kwargs)

    def take(self, indices, axis=None, out=None, mode='raise'):
        """
        """
        (_data, _mask) = (self._data, self._mask)
        cls = type(self)
        # Make sure the indices are not masked
        maskindices = getmask(indices)
        if maskindices is not nomask:
            indices = indices.filled(0)
        # Get the data, promoting scalars to 0d arrays with [...] so that
        # .view works correctly
        if out is None:
            out = _data.take(indices, axis=axis, mode=mode)[...].view(cls)
        else:
            np.take(_data, indices, axis=axis, mode=mode, out=out)
        # Get the mask
        if isinstance(out, MaskedArray):
            if _mask is nomask:
                outmask = maskindices
            else:
                outmask = _mask.take(indices, axis=axis, mode=mode)
                outmask |= maskindices
            out.__setmask__(outmask)
        # demote 0d arrays back to scalars, for consistency with ndarray.take
        return out[()]

    # Array methods
    copy = _arraymethod('copy')
    diagonal = _arraymethod('diagonal')
    flatten = _arraymethod('flatten')
    repeat = _arraymethod('repeat')
    squeeze = _arraymethod('squeeze')
    swapaxes = _arraymethod('swapaxes')
    T = property(fget=lambda self: self.transpose())
    transpose = _arraymethod('transpose')

    def tolist(self, fill_value=None):
        """
        Return the data portion of the masked array as a hierarchical Python list.

        Data items are converted to the nearest compatible Python type.
        Masked values are converted to `fill_value`. If `fill_value` is None,
        the corresponding entries in the output list will be ``None``.

        Parameters
        ----------
        fill_value : scalar, optional
            The value to use for invalid entries. Default is None.

        Returns
        -------
        result : list
            The Python list representation of the masked array.

        Examples
        --------
        >>> x = np.ma.array([[1,2,3], [4,5,6], [7,8,9]], mask=[0] + [1,0]*4)
        >>> x.tolist()
        [[1, None, 3], [None, 5, None], [7, None, 9]]
        >>> x.tolist(-999)
        [[1, -999, 3], [-999, 5, -999], [7, -999, 9]]

        """
        _mask = self._mask
        # No mask ? Just return .data.tolist ?
        if _mask is nomask:
            return self._data.tolist()
        # Explicit fill_value: fill the array and get the list
        if fill_value is not None:
            return self.filled(fill_value).tolist()
        # Structured array.
        names = self.dtype.names
        if names:
            result = self._data.astype([(_, object) for _ in names])
            for n in names:
                result[n][_mask[n]] = None
            return result.tolist()
        # Standard arrays.
        if _mask is nomask:
            return [None]
        # Set temps to save time when dealing w/ marrays.
        inishape = self.shape
        result = np.array(self._data.ravel(), dtype=object)
        result[_mask.ravel()] = None
        result.shape = inishape
        return result.tolist()

    def tostring(self, fill_value=None, order='C'):
        r"""
        A compatibility alias for `tobytes`, with exactly the same behavior.

        Despite its name, it returns `bytes` not `str`\ s.

        .. deprecated:: 1.19.0
        """
        # 2020-03-30, Numpy 1.19.0
        warnings.warn(
            "tostring() is deprecated. Use tobytes() instead.",
            DeprecationWarning, stacklevel=2)

        return self.tobytes(fill_value, order=order)

    def tobytes(self, fill_value=None, order='C'):
        """
        Return the array data as a string containing the raw bytes in the array.

        The array is filled with a fill value before the string conversion.

        .. versionadded:: 1.9.0

        Parameters
        ----------
        fill_value : scalar, optional
            Value used to fill in the masked values. Default is None, in which
            case `MaskedArray.fill_value` is used.
        order : {'C','F','A'}, optional
            Order of the data item in the copy. Default is 'C'.

            - 'C'   -- C order (row major).
            - 'F'   -- Fortran order (column major).
            - 'A'   -- Any, current order of array.
            - None  -- Same as 'A'.

        See Also
        --------
        numpy.ndarray.tobytes
        tolist, tofile

        Notes
        -----
        As for `ndarray.tobytes`, information about the shape, dtype, etc.,
        but also about `fill_value`, will be lost.

        Examples
        --------
        >>> x = np.ma.array(np.array([[1, 2], [3, 4]]), mask=[[0, 1], [1, 0]])
        >>> x.tobytes()
        b'\\x01\\x00\\x00\\x00\\x00\\x00\\x00\\x00?B\\x0f\\x00\\x00\\x00\\x00\\x00?B\\x0f\\x00\\x00\\x00\\x00\\x00\\x04\\x00\\x00\\x00\\x00\\x00\\x00\\x00'

        """
        return self.filled(fill_value).tobytes(order=order)

    def tofile(self, fid, sep="", format="%s"):
        """
        Save a masked array to a file in binary format.

        .. warning::
          This function is not implemented yet.

        Raises
        ------
        NotImplementedError
            When `tofile` is called.

        """
        raise NotImplementedError("MaskedArray.tofile() not implemented yet.")

    def toflex(self):
        """
        Transforms a masked array into a flexible-type array.

        The flexible type array that is returned will have two fields:

        * the ``_data`` field stores the ``_data`` part of the array.
        * the ``_mask`` field stores the ``_mask`` part of the array.

        Parameters
        ----------
        None

        Returns
        -------
        record : ndarray
            A new flexible-type `ndarray` with two fields: the first element
            containing a value, the second element containing the corresponding
            mask boolean. The returned record shape matches self.shape.

        Notes
        -----
        A side-effect of transforming a masked array into a flexible `ndarray` is
        that meta information (``fill_value``, ...) will be lost.

        Examples
        --------
        >>> x = np.ma.array([[1,2,3],[4,5,6],[7,8,9]], mask=[0] + [1,0]*4)
        >>> x
        masked_array(
          data=[[1, --, 3],
                [--, 5, --],
                [7, --, 9]],
          mask=[[False,  True, False],
                [ True, False,  True],
                [False,  True, False]],
          fill_value=999999)
        >>> x.toflex()
        array([[(1, False), (2,  True), (3, False)],
               [(4,  True), (5, False), (6,  True)],
               [(7, False), (8,  True), (9, False)]],
              dtype=[('_data', '<i8'), ('_mask', '?')])

        """
        # Get the basic dtype.
        ddtype = self.dtype
        # Make sure we have a mask
        _mask = self._mask
        if _mask is None:
            _mask = make_mask_none(self.shape, ddtype)
        # And get its dtype
        mdtype = self._mask.dtype

        record = np.ndarray(shape=self.shape,
                            dtype=[('_data', ddtype), ('_mask', mdtype)])
        record['_data'] = self._data
        record['_mask'] = self._mask
        return record
    torecords = toflex

    # Pickling
    def __getstate__(self):
        """Return the internal state of the masked array, for pickling
        purposes.

        """
        cf = 'CF'[self.flags.fnc]
        data_state = super(MaskedArray, self).__reduce__()[2]
        return data_state + (getmaskarray(self).tobytes(cf), self._fill_value)

    def __setstate__(self, state):
        """Restore the internal state of the masked array, for
        pickling purposes.  ``state`` is typically the output of the
        ``__getstate__`` output, and is a 5-tuple:

        - class name
        - a tuple giving the shape of the data
        - a typecode for the data
        - a binary string for the data
        - a binary string for the mask.

        """
        (_, shp, typ, isf, raw, msk, flv) = state
        super(MaskedArray, self).__setstate__((shp, typ, isf, raw))
        self._mask.__setstate__((shp, make_mask_descr(typ), isf, msk))
        self.fill_value = flv

    def __reduce__(self):
        """Return a 3-tuple for pickling a MaskedArray.

        """
        return (_mareconstruct,
                (self.__class__, self._baseclass, (0,), 'b',),
                self.__getstate__())

    def __deepcopy__(self, memo=None):
        from copy import deepcopy
        copied = MaskedArray.__new__(type(self), self, copy=True)
        if memo is None:
            memo = {}
        memo[id(self)] = copied
        for (k, v) in self.__dict__.items():
            copied.__dict__[k] = deepcopy(v, memo)
        return copied


def _mareconstruct(subtype, baseclass, baseshape, basetype,):
    """Internal function that builds a new MaskedArray from the
    information stored in a pickle.

    """
    _data = ndarray.__new__(baseclass, baseshape, basetype)
    _mask = ndarray.__new__(ndarray, baseshape, make_mask_descr(basetype))
    return subtype.__new__(subtype, _data, mask=_mask, dtype=basetype,)


class mvoid(MaskedArray):
    """
    Fake a 'void' object to use for masked array with structured dtypes.
    """

    def __new__(self, data, mask=nomask, dtype=None, fill_value=None,
                hardmask=False, copy=False, subok=True):
        _data = np.array(data, copy=copy, subok=subok, dtype=dtype)
        _data = _data.view(self)
        _data._hardmask = hardmask
        if mask is not nomask:
            if isinstance(mask, np.void):
                _data._mask = mask
            else:
                try:
                    # Mask is already a 0D array
                    _data._mask = np.void(mask)
                except TypeError:
                    # Transform the mask to a void
                    mdtype = make_mask_descr(dtype)
                    _data._mask = np.array(mask, dtype=mdtype)[()]
        if fill_value is not None:
            _data.fill_value = fill_value
        return _data

    @property
    def _data(self):
        # Make sure that the _data part is a np.void
        return super(mvoid, self)._data[()]

    def __getitem__(self, indx):
        """
        Get the index.

        """
        m = self._mask
        if isinstance(m[indx], ndarray):
            # Can happen when indx is a multi-dimensional field:
            # A = ma.masked_array(data=[([0,1],)], mask=[([True,
            #                     False],)], dtype=[("A", ">i2", (2,))])
            # x = A[0]; y = x["A"]; then y.mask["A"].size==2
            # and we can not say masked/unmasked.
            # The result is no longer mvoid!
            # See also issue #6724.
            return masked_array(
                data=self._data[indx], mask=m[indx],
                fill_value=self._fill_value[indx],
                hard_mask=self._hardmask)
        if m is not nomask and m[indx]:
            return masked
        return self._data[indx]

    def __setitem__(self, indx, value):
        self._data[indx] = value
        if self._hardmask:
            self._mask[indx] |= getattr(value, "_mask", False)
        else:
            self._mask[indx] = getattr(value, "_mask", False)

    def __str__(self):
        m = self._mask
        if m is nomask:
            return str(self._data)

        rdtype = _replace_dtype_fields(self._data.dtype, "O")
        data_arr = super(mvoid, self)._data
        res = data_arr.astype(rdtype)
        _recursive_printoption(res, self._mask, masked_print_option)
        return str(res)

    __repr__ = __str__

    def __iter__(self):
        "Defines an iterator for mvoid"
        (_data, _mask) = (self._data, self._mask)
        if _mask is nomask:
            yield from _data
        else:
            for (d, m) in zip(_data, _mask):
                if m:
                    yield masked
                else:
                    yield d

    def __len__(self):
        return self._data.__len__()

    def filled(self, fill_value=None):
        """
        Return a copy with masked fields filled with a given value.

        Parameters
        ----------
        fill_value : array_like, optional
            The value to use for invalid entries. Can be scalar or
            non-scalar. If latter is the case, the filled array should
            be broadcastable over input array. Default is None, in
            which case the `fill_value` attribute is used instead.

        Returns
        -------
        filled_void
            A `np.void` object

        See Also
        --------
        MaskedArray.filled

        """
        return asarray(self).filled(fill_value)[()]

    def tolist(self):
        """
    Transforms the mvoid object into a tuple.

    Masked fields are replaced by None.

    Returns
    -------
    returned_tuple
        Tuple of fields
        """
        _mask = self._mask
        if _mask is nomask:
            return self._data.tolist()
        result = []
        for (d, m) in zip(self._data, self._mask):
            if m:
                result.append(None)
            else:
                # .item() makes sure we return a standard Python object
                result.append(d.item())
        return tuple(result)


##############################################################################
#                                Shortcuts                                   #
##############################################################################


[docs]def isMaskedArray(x):
    """
    Test whether input is an instance of MaskedArray.

    This function returns True if `x` is an instance of MaskedArray
    and returns False otherwise.  Any object is accepted as input.

    Parameters
    ----------
    x : object
        Object to test.

    Returns
    -------
    result : bool
        True if `x` is a MaskedArray.

    See Also
    --------
    isMA : Alias to isMaskedArray.
    isarray : Alias to isMaskedArray.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.eye(3, 3)
    >>> a
    array([[ 1.,  0.,  0.],
           [ 0.,  1.,  0.],
           [ 0.,  0.,  1.]])
    >>> m = ma.masked_values(a, 0)
    >>> m
    masked_array(
      data=[[1.0, --, --],
            [--, 1.0, --],
            [--, --, 1.0]],
      mask=[[False,  True,  True],
            [ True, False,  True],
            [ True,  True, False]],
      fill_value=0.0)
    >>> ma.isMaskedArray(a)
    False
    >>> ma.isMaskedArray(m)
    True
    >>> ma.isMaskedArray([0, 1, 2])
    False

    """
    return isinstance(x, MaskedArray)



isarray = isMaskedArray
isMA = isMaskedArray  # backward compatibility


class MaskedConstant(MaskedArray):
    # the lone np.ma.masked instance
    __singleton = None

    @classmethod
    def __has_singleton(cls):
        # second case ensures `cls.__singleton` is not just a view on the
        # superclass singleton
        return cls.__singleton is not None and type(cls.__singleton) is cls

    def __new__(cls):
        if not cls.__has_singleton():
            # We define the masked singleton as a float for higher precedence.
            # Note that it can be tricky sometimes w/ type comparison
            data = np.array(0.)
            mask = np.array(True)

            # prevent any modifications
            data.flags.writeable = False
            mask.flags.writeable = False

            # don't fall back on MaskedArray.__new__(MaskedConstant), since
            # that might confuse it - this way, the construction is entirely
            # within our control
            cls.__singleton = MaskedArray(data, mask=mask).view(cls)

        return cls.__singleton

    def __array_finalize__(self, obj):
        if not self.__has_singleton():
            # this handles the `.view` in __new__, which we want to copy across
            # properties normally
            return super(MaskedConstant, self).__array_finalize__(obj)
        elif self is self.__singleton:
            # not clear how this can happen, play it safe
            pass
        else:
            # everywhere else, we want to downcast to MaskedArray, to prevent a
            # duplicate maskedconstant.
            self.__class__ = MaskedArray
            MaskedArray.__array_finalize__(self, obj)

    def __array_prepare__(self, obj, context=None):
        return self.view(MaskedArray).__array_prepare__(obj, context)

    def __array_wrap__(self, obj, context=None):
        return self.view(MaskedArray).__array_wrap__(obj, context)

    def __str__(self):
        return str(masked_print_option._display)

    def __repr__(self):
        if self is MaskedConstant.__singleton:
            return 'masked'
        else:
            # it's a subclass, or something is wrong, make it obvious
            return object.__repr__(self)

    def __format__(self, format_spec):
        # Replace ndarray.__format__ with the default, which supports no format characters.
        # Supporting format characters is unwise here, because we do not know what type
        # the user was expecting - better to not guess.
        try:
            return object.__format__(self, format_spec)
        except TypeError:
            # 2020-03-23, NumPy 1.19.0
            warnings.warn(
                "Format strings passed to MaskedConstant are ignored, but in future may "
                "error or produce different behavior",
                FutureWarning, stacklevel=2
            )
            return object.__format__(self, "")

    def __reduce__(self):
        """Override of MaskedArray's __reduce__.
        """
        return (self.__class__, ())

    # inplace operations have no effect. We have to override them to avoid
    # trying to modify the readonly data and mask arrays
    def __iop__(self, other):
        return self
    __iadd__ = \
    __isub__ = \
    __imul__ = \
    __ifloordiv__ = \
    __itruediv__ = \
    __ipow__ = \
        __iop__
    del __iop__  # don't leave this around

    def copy(self, *args, **kwargs):
        """ Copy is a no-op on the maskedconstant, as it is a scalar """
        # maskedconstant is a scalar, so copy doesn't need to copy. There's
        # precedent for this with `np.bool_` scalars.
        return self

    def __copy__(self):
        return self

    def __deepcopy__(self, memo):
        return self

    def __setattr__(self, attr, value):
        if not self.__has_singleton():
            # allow the singleton to be initialized
            return super(MaskedConstant, self).__setattr__(attr, value)
        elif self is self.__singleton:
            raise AttributeError(
                f"attributes of {self!r} are not writeable")
        else:
            # duplicate instance - we can end up here from __array_finalize__,
            # where we set the __class__ attribute
            return super(MaskedConstant, self).__setattr__(attr, value)


masked = masked_singleton = MaskedConstant()
masked_array = MaskedArray


def array(data, dtype=None, copy=False, order=None,
          mask=nomask, fill_value=None, keep_mask=True,
          hard_mask=False, shrink=True, subok=True, ndmin=0):
    """
    Shortcut to MaskedArray.

    The options are in a different order for convenience and backwards
    compatibility.

    """
    return MaskedArray(data, mask=mask, dtype=dtype, copy=copy,
                       subok=subok, keep_mask=keep_mask,
                       hard_mask=hard_mask, fill_value=fill_value,
                       ndmin=ndmin, shrink=shrink, order=order)
array.__doc__ = masked_array.__doc__


def is_masked(x):
    """
    Determine whether input has masked values.

    Accepts any object as input, but always returns False unless the
    input is a MaskedArray containing masked values.

    Parameters
    ----------
    x : array_like
        Array to check for masked values.

    Returns
    -------
    result : bool
        True if `x` is a MaskedArray with masked values, False otherwise.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> x = ma.masked_equal([0, 1, 0, 2, 3], 0)
    >>> x
    masked_array(data=[--, 1, --, 2, 3],
                 mask=[ True, False,  True, False, False],
           fill_value=0)
    >>> ma.is_masked(x)
    True
    >>> x = ma.masked_equal([0, 1, 0, 2, 3], 42)
    >>> x
    masked_array(data=[0, 1, 0, 2, 3],
                 mask=False,
           fill_value=42)
    >>> ma.is_masked(x)
    False

    Always returns False if `x` isn't a MaskedArray.

    >>> x = [False, True, False]
    >>> ma.is_masked(x)
    False
    >>> x = 'a string'
    >>> ma.is_masked(x)
    False

    """
    m = getmask(x)
    if m is nomask:
        return False
    elif m.any():
        return True
    return False


##############################################################################
#                             Extrema functions                              #
##############################################################################


class _extrema_operation(_MaskedUFunc):
    """
    Generic class for maximum/minimum functions.

    .. note::
      This is the base class for `_maximum_operation` and
      `_minimum_operation`.

    """
    def __init__(self, ufunc, compare, fill_value):
        super(_extrema_operation, self).__init__(ufunc)
        self.compare = compare
        self.fill_value_func = fill_value

    def __call__(self, a, b=None):
        "Executes the call behavior."
        if b is None:
            # 2016-04-13, 1.13.0
            warnings.warn(
                f"Single-argument form of np.ma.{self.__name__} is deprecated. Use "
                f"np.ma.{self.__name__}.reduce instead.",
                DeprecationWarning, stacklevel=2)
            return self.reduce(a)
        return where(self.compare(a, b), a, b)

    def reduce(self, target, axis=np._NoValue):
        "Reduce target along the given axis."
        target = narray(target, copy=False, subok=True)
        m = getmask(target)

        if axis is np._NoValue and target.ndim > 1:
            # 2017-05-06, Numpy 1.13.0: warn on axis default
            warnings.warn(
                f"In the future the default for ma.{self.__name__}.reduce will be axis=0, "
                f"not the current None, to match np.{self.__name__}.reduce. "
                "Explicitly pass 0 or None to silence this warning.",
                MaskedArrayFutureWarning, stacklevel=2)
            axis = None

        if axis is not np._NoValue:
            kwargs = dict(axis=axis)
        else:
            kwargs = dict()

        if m is nomask:
            t = self.f.reduce(target, **kwargs)
        else:
            target = target.filled(
                self.fill_value_func(target)).view(type(target))
            t = self.f.reduce(target, **kwargs)
            m = umath.logical_and.reduce(m, **kwargs)
            if hasattr(t, '_mask'):
                t._mask = m
            elif m:
                t = masked
        return t

    def outer(self, a, b):
        "Return the function applied to the outer product of a and b."
        ma = getmask(a)
        mb = getmask(b)
        if ma is nomask and mb is nomask:
            m = nomask
        else:
            ma = getmaskarray(a)
            mb = getmaskarray(b)
            m = logical_or.outer(ma, mb)
        result = self.f.outer(filled(a), filled(b))
        if not isinstance(result, MaskedArray):
            result = result.view(MaskedArray)
        result._mask = m
        return result

def min(obj, axis=None, out=None, fill_value=None, keepdims=np._NoValue):
    kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

    try:
        return obj.min(axis=axis, fill_value=fill_value, out=out, **kwargs)
    except (AttributeError, TypeError):
        # If obj doesn't have a min method, or if the method doesn't accept a
        # fill_value argument
        return asanyarray(obj).min(axis=axis, fill_value=fill_value,
                                   out=out, **kwargs)
min.__doc__ = MaskedArray.min.__doc__

def max(obj, axis=None, out=None, fill_value=None, keepdims=np._NoValue):
    kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}

    try:
        return obj.max(axis=axis, fill_value=fill_value, out=out, **kwargs)
    except (AttributeError, TypeError):
        # If obj doesn't have a max method, or if the method doesn't accept a
        # fill_value argument
        return asanyarray(obj).max(axis=axis, fill_value=fill_value,
                                   out=out, **kwargs)
max.__doc__ = MaskedArray.max.__doc__


def ptp(obj, axis=None, out=None, fill_value=None, keepdims=np._NoValue):
    kwargs = {} if keepdims is np._NoValue else {'keepdims': keepdims}
    try:
        return obj.ptp(axis, out=out, fill_value=fill_value, **kwargs)
    except (AttributeError, TypeError):
        # If obj doesn't have a ptp method or if the method doesn't accept
        # a fill_value argument
        return asanyarray(obj).ptp(axis=axis, fill_value=fill_value,
                                   out=out, **kwargs)
ptp.__doc__ = MaskedArray.ptp.__doc__


##############################################################################
#           Definition of functions from the corresponding methods           #
##############################################################################


class _frommethod:
    """
    Define functions from existing MaskedArray methods.

    Parameters
    ----------
    methodname : str
        Name of the method to transform.

    """

    def __init__(self, methodname, reversed=False):
        self.__name__ = methodname
        self.__doc__ = self.getdoc()
        self.reversed = reversed

    def getdoc(self):
        "Return the doc of the function (from the doc of the method)."
        meth = getattr(MaskedArray, self.__name__, None) or\
            getattr(np, self.__name__, None)
        signature = self.__name__ + get_object_signature(meth)
        if meth is not None:
            doc = """    %s\n%s""" % (
                signature, getattr(meth, '__doc__', None))
            return doc

    def __call__(self, a, *args, **params):
        if self.reversed:
            args = list(args)
            a, args[0] = args[0], a

        marr = asanyarray(a)
        method_name = self.__name__
        method = getattr(type(marr), method_name, None)
        if method is None:
            # use the corresponding np function
            method = getattr(np, method_name)

        return method(marr, *args, **params)


all = _frommethod('all')
anomalies = anom = _frommethod('anom')
any = _frommethod('any')
compress = _frommethod('compress', reversed=True)
cumprod = _frommethod('cumprod')
cumsum = _frommethod('cumsum')
copy = _frommethod('copy')
diagonal = _frommethod('diagonal')
harden_mask = _frommethod('harden_mask')
ids = _frommethod('ids')
maximum = _extrema_operation(umath.maximum, greater, maximum_fill_value)
mean = _frommethod('mean')
minimum = _extrema_operation(umath.minimum, less, minimum_fill_value)
nonzero = _frommethod('nonzero')
prod = _frommethod('prod')
product = _frommethod('prod')
ravel = _frommethod('ravel')
repeat = _frommethod('repeat')
shrink_mask = _frommethod('shrink_mask')
soften_mask = _frommethod('soften_mask')
std = _frommethod('std')
sum = _frommethod('sum')
swapaxes = _frommethod('swapaxes')
#take = _frommethod('take')
trace = _frommethod('trace')
var = _frommethod('var')

count = _frommethod('count')

def take(a, indices, axis=None, out=None, mode='raise'):
    """
    """
    a = masked_array(a)
    return a.take(indices, axis=axis, out=out, mode=mode)


def power(a, b, third=None):
    """
    Returns element-wise base array raised to power from second array.

    This is the masked array version of `numpy.power`. For details see
    `numpy.power`.

    See Also
    --------
    numpy.power

    Notes
    -----
    The *out* argument to `numpy.power` is not supported, `third` has to be
    None.

    """
    if third is not None:
        raise MaskError("3-argument power not supported.")
    # Get the masks
    ma = getmask(a)
    mb = getmask(b)
    m = mask_or(ma, mb)
    # Get the rawdata
    fa = getdata(a)
    fb = getdata(b)
    # Get the type of the result (so that we preserve subclasses)
    if isinstance(a, MaskedArray):
        basetype = type(a)
    else:
        basetype = MaskedArray
    # Get the result and view it as a (subclass of) MaskedArray
    with np.errstate(divide='ignore', invalid='ignore'):
        result = np.where(m, fa, umath.power(fa, fb)).view(basetype)
    result._update_from(a)
    # Find where we're in trouble w/ NaNs and Infs
    invalid = np.logical_not(np.isfinite(result.view(ndarray)))
    # Add the initial mask
    if m is not nomask:
        if not result.ndim:
            return masked
        result._mask = np.logical_or(m, invalid)
    # Fix the invalid parts
    if invalid.any():
        if not result.ndim:
            return masked
        elif result._mask is nomask:
            result._mask = invalid
        result._data[invalid] = result.fill_value
    return result

argmin = _frommethod('argmin')
argmax = _frommethod('argmax')

def argsort(a, axis=np._NoValue, kind=None, order=None, endwith=True, fill_value=None):
    "Function version of the eponymous method."
    a = np.asanyarray(a)

    # 2017-04-11, Numpy 1.13.0, gh-8701: warn on axis default
    if axis is np._NoValue:
        axis = _deprecate_argsort_axis(a)

    if isinstance(a, MaskedArray):
        return a.argsort(axis=axis, kind=kind, order=order,
                         endwith=endwith, fill_value=fill_value)
    else:
        return a.argsort(axis=axis, kind=kind, order=order)
argsort.__doc__ = MaskedArray.argsort.__doc__

def sort(a, axis=-1, kind=None, order=None, endwith=True, fill_value=None):
    """
    Return a sorted copy of the masked array.

    Equivalent to creating a copy of the array
    and applying the  MaskedArray ``sort()`` method.

    Refer to ``MaskedArray.sort`` for the full documentation

    See Also
    --------
    MaskedArray.sort : equivalent method
    """
    a = np.array(a, copy=True, subok=True)
    if axis is None:
        a = a.flatten()
        axis = 0

    if isinstance(a, MaskedArray):
        a.sort(axis=axis, kind=kind, order=order,
               endwith=endwith, fill_value=fill_value)
    else:
        a.sort(axis=axis, kind=kind, order=order)
    return a


def compressed(x):
    """
    Return all the non-masked data as a 1-D array.

    This function is equivalent to calling the "compressed" method of a
    `MaskedArray`, see `MaskedArray.compressed` for details.

    See Also
    --------
    MaskedArray.compressed
        Equivalent method.

    """
    return asanyarray(x).compressed()


def concatenate(arrays, axis=0):
    """
    Concatenate a sequence of arrays along the given axis.

    Parameters
    ----------
    arrays : sequence of array_like
        The arrays must have the same shape, except in the dimension
        corresponding to `axis` (the first, by default).
    axis : int, optional
        The axis along which the arrays will be joined. Default is 0.

    Returns
    -------
    result : MaskedArray
        The concatenated array with any masked entries preserved.

    See Also
    --------
    numpy.concatenate : Equivalent function in the top-level NumPy module.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = ma.arange(3)
    >>> a[1] = ma.masked
    >>> b = ma.arange(2, 5)
    >>> a
    masked_array(data=[0, --, 2],
                 mask=[False,  True, False],
           fill_value=999999)
    >>> b
    masked_array(data=[2, 3, 4],
                 mask=False,
           fill_value=999999)
    >>> ma.concatenate([a, b])
    masked_array(data=[0, --, 2, 2, 3, 4],
                 mask=[False,  True, False, False, False, False],
           fill_value=999999)

    """
    d = np.concatenate([getdata(a) for a in arrays], axis)
    rcls = get_masked_subclass(*arrays)
    data = d.view(rcls)
    # Check whether one of the arrays has a non-empty mask.
    for x in arrays:
        if getmask(x) is not nomask:
            break
    else:
        return data
    # OK, so we have to concatenate the masks
    dm = np.concatenate([getmaskarray(a) for a in arrays], axis)
    dm = dm.reshape(d.shape)

    # If we decide to keep a '_shrinkmask' option, we want to check that
    # all of them are True, and then check for dm.any()
    data._mask = _shrink_mask(dm)
    return data


def diag(v, k=0):
    """
    Extract a diagonal or construct a diagonal array.

    This function is the equivalent of `numpy.diag` that takes masked
    values into account, see `numpy.diag` for details.

    See Also
    --------
    numpy.diag : Equivalent function for ndarrays.

    """
    output = np.diag(v, k).view(MaskedArray)
    if getmask(v) is not nomask:
        output._mask = np.diag(v._mask, k)
    return output


def left_shift(a, n):
    """
    Shift the bits of an integer to the left.

    This is the masked array version of `numpy.left_shift`, for details
    see that function.

    See Also
    --------
    numpy.left_shift

    """
    m = getmask(a)
    if m is nomask:
        d = umath.left_shift(filled(a), n)
        return masked_array(d)
    else:
        d = umath.left_shift(filled(a, 0), n)
        return masked_array(d, mask=m)


def right_shift(a, n):
    """
    Shift the bits of an integer to the right.

    This is the masked array version of `numpy.right_shift`, for details
    see that function.

    See Also
    --------
    numpy.right_shift

    """
    m = getmask(a)
    if m is nomask:
        d = umath.right_shift(filled(a), n)
        return masked_array(d)
    else:
        d = umath.right_shift(filled(a, 0), n)
        return masked_array(d, mask=m)


[docs]def put(a, indices, values, mode='raise'):
    """
    Set storage-indexed locations to corresponding values.

    This function is equivalent to `MaskedArray.put`, see that method
    for details.

    See Also
    --------
    MaskedArray.put

    """
    # We can't use 'frommethod', the order of arguments is different
    try:
        return a.put(indices, values, mode=mode)
    except AttributeError:
        return narray(a, copy=False).put(indices, values, mode=mode)



[docs]def putmask(a, mask, values):  # , mode='raise'):
    """
    Changes elements of an array based on conditional and input values.

    This is the masked array version of `numpy.putmask`, for details see
    `numpy.putmask`.

    See Also
    --------
    numpy.putmask

    Notes
    -----
    Using a masked array as `values` will **not** transform a `ndarray` into
    a `MaskedArray`.

    """
    # We can't use 'frommethod', the order of arguments is different
    if not isinstance(a, MaskedArray):
        a = a.view(MaskedArray)
    (valdata, valmask) = (getdata(values), getmask(values))
    if getmask(a) is nomask:
        if valmask is not nomask:
            a._sharedmask = True
            a._mask = make_mask_none(a.shape, a.dtype)
            np.copyto(a._mask, valmask, where=mask)
    elif a._hardmask:
        if valmask is not nomask:
            m = a._mask.copy()
            np.copyto(m, valmask, where=mask)
            a.mask |= m
    else:
        if valmask is nomask:
            valmask = getmaskarray(values)
        np.copyto(a._mask, valmask, where=mask)
    np.copyto(a._data, valdata, where=mask)
    return



def transpose(a, axes=None):
    """
    Permute the dimensions of an array.

    This function is exactly equivalent to `numpy.transpose`.

    See Also
    --------
    numpy.transpose : Equivalent function in top-level NumPy module.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> x = ma.arange(4).reshape((2,2))
    >>> x[1, 1] = ma.masked
    >>> x
    masked_array(
      data=[[0, 1],
            [2, --]],
      mask=[[False, False],
            [False,  True]],
      fill_value=999999)

    >>> ma.transpose(x)
    masked_array(
      data=[[0, 2],
            [1, --]],
      mask=[[False, False],
            [False,  True]],
      fill_value=999999)
    """
    # We can't use 'frommethod', as 'transpose' doesn't take keywords
    try:
        return a.transpose(axes)
    except AttributeError:
        return narray(a, copy=False).transpose(axes).view(MaskedArray)


def reshape(a, new_shape, order='C'):
    """
    Returns an array containing the same data with a new shape.

    Refer to `MaskedArray.reshape` for full documentation.

    See Also
    --------
    MaskedArray.reshape : equivalent function

    """
    # We can't use 'frommethod', it whine about some parameters. Dmmit.
    try:
        return a.reshape(new_shape, order=order)
    except AttributeError:
        _tmp = narray(a, copy=False).reshape(new_shape, order=order)
        return _tmp.view(MaskedArray)


def resize(x, new_shape):
    """
    Return a new masked array with the specified size and shape.

    This is the masked equivalent of the `numpy.resize` function. The new
    array is filled with repeated copies of `x` (in the order that the
    data are stored in memory). If `x` is masked, the new array will be
    masked, and the new mask will be a repetition of the old one.

    See Also
    --------
    numpy.resize : Equivalent function in the top level NumPy module.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = ma.array([[1, 2] ,[3, 4]])
    >>> a[0, 1] = ma.masked
    >>> a
    masked_array(
      data=[[1, --],
            [3, 4]],
      mask=[[False,  True],
            [False, False]],
      fill_value=999999)
    >>> np.resize(a, (3, 3))
    masked_array(
      data=[[1, 2, 3],
            [4, 1, 2],
            [3, 4, 1]],
      mask=False,
      fill_value=999999)
    >>> ma.resize(a, (3, 3))
    masked_array(
      data=[[1, --, 3],
            [4, 1, --],
            [3, 4, 1]],
      mask=[[False,  True, False],
            [False, False,  True],
            [False, False, False]],
      fill_value=999999)

    A MaskedArray is always returned, regardless of the input type.

    >>> a = np.array([[1, 2] ,[3, 4]])
    >>> ma.resize(a, (3, 3))
    masked_array(
      data=[[1, 2, 3],
            [4, 1, 2],
            [3, 4, 1]],
      mask=False,
      fill_value=999999)

    """
    # We can't use _frommethods here, as N.resize is notoriously whiny.
    m = getmask(x)
    if m is not nomask:
        m = np.resize(m, new_shape)
    result = np.resize(x, new_shape).view(get_masked_subclass(x))
    if result.ndim:
        result._mask = m
    return result


def ndim(obj):
    """
    maskedarray version of the numpy function.

    """
    return np.ndim(getdata(obj))

ndim.__doc__ = np.ndim.__doc__


[docs]def shape(obj):
    "maskedarray version of the numpy function."
    return np.shape(getdata(obj))

shape.__doc__ = np.shape.__doc__


[docs]def size(obj, axis=None):
    "maskedarray version of the numpy function."
    return np.size(getdata(obj), axis)

size.__doc__ = np.size.__doc__


##############################################################################
#                            Extra functions                                 #
##############################################################################


def where(condition, x=_NoValue, y=_NoValue):
    """
    Return a masked array with elements from `x` or `y`, depending on condition.

    .. note::
        When only `condition` is provided, this function is identical to
        `nonzero`. The rest of this documentation covers only the case where
        all three arguments are provided.

    Parameters
    ----------
    condition : array_like, bool
        Where True, yield `x`, otherwise yield `y`.
    x, y : array_like, optional
        Values from which to choose. `x`, `y` and `condition` need to be
        broadcastable to some shape.

    Returns
    -------
    out : MaskedArray
        An masked array with `masked` elements where the condition is masked,
        elements from `x` where `condition` is True, and elements from `y`
        elsewhere.

    See Also
    --------
    numpy.where : Equivalent function in the top-level NumPy module.
    nonzero : The function that is called when x and y are omitted

    Examples
    --------
    >>> x = np.ma.array(np.arange(9.).reshape(3, 3), mask=[[0, 1, 0],
    ...                                                    [1, 0, 1],
    ...                                                    [0, 1, 0]])
    >>> x
    masked_array(
      data=[[0.0, --, 2.0],
            [--, 4.0, --],
            [6.0, --, 8.0]],
      mask=[[False,  True, False],
            [ True, False,  True],
            [False,  True, False]],
      fill_value=1e+20)
    >>> np.ma.where(x > 5, x, -3.1416)
    masked_array(
      data=[[-3.1416, --, -3.1416],
            [--, -3.1416, --],
            [6.0, --, 8.0]],
      mask=[[False,  True, False],
            [ True, False,  True],
            [False,  True, False]],
      fill_value=1e+20)

    """

    # handle the single-argument case
    missing = (x is _NoValue, y is _NoValue).count(True)
    if missing == 1:
        raise ValueError("Must provide both 'x' and 'y' or neither.")
    if missing == 2:
        return nonzero(condition)

    # we only care if the condition is true - false or masked pick y
    cf = filled(condition, False)
    xd = getdata(x)
    yd = getdata(y)

    # we need the full arrays here for correct final dimensions
    cm = getmaskarray(condition)
    xm = getmaskarray(x)
    ym = getmaskarray(y)

    # deal with the fact that masked.dtype == float64, but we don't actually
    # want to treat it as that.
    if x is masked and y is not masked:
        xd = np.zeros((), dtype=yd.dtype)
        xm = np.ones((),  dtype=ym.dtype)
    elif y is masked and x is not masked:
        yd = np.zeros((), dtype=xd.dtype)
        ym = np.ones((),  dtype=xm.dtype)

    data = np.where(cf, xd, yd)
    mask = np.where(cf, xm, ym)
    mask = np.where(cm, np.ones((), dtype=mask.dtype), mask)

    # collapse the mask, for backwards compatibility
    mask = _shrink_mask(mask)

    return masked_array(data, mask=mask)


def choose(indices, choices, out=None, mode='raise'):
    """
    Use an index array to construct a new array from a set of choices.

    Given an array of integers and a set of n choice arrays, this method
    will create a new array that merges each of the choice arrays.  Where a
    value in `a` is i, the new array will have the value that choices[i]
    contains in the same place.

    Parameters
    ----------
    a : ndarray of ints
        This array must contain integers in ``[0, n-1]``, where n is the
        number of choices.
    choices : sequence of arrays
        Choice arrays. The index array and all of the choices should be
        broadcastable to the same shape.
    out : array, optional
        If provided, the result will be inserted into this array. It should
        be of the appropriate shape and `dtype`.
    mode : {'raise', 'wrap', 'clip'}, optional
        Specifies how out-of-bounds indices will behave.

        * 'raise' : raise an error
        * 'wrap' : wrap around
        * 'clip' : clip to the range

    Returns
    -------
    merged_array : array

    See Also
    --------
    choose : equivalent function

    Examples
    --------
    >>> choice = np.array([[1,1,1], [2,2,2], [3,3,3]])
    >>> a = np.array([2, 1, 0])
    >>> np.ma.choose(a, choice)
    masked_array(data=[3, 2, 1],
                 mask=False,
           fill_value=999999)

    """
    def fmask(x):
        "Returns the filled array, or True if masked."
        if x is masked:
            return True
        return filled(x)

    def nmask(x):
        "Returns the mask, True if ``masked``, False if ``nomask``."
        if x is masked:
            return True
        return getmask(x)
    # Get the indices.
    c = filled(indices, 0)
    # Get the masks.
    masks = [nmask(x) for x in choices]
    data = [fmask(x) for x in choices]
    # Construct the mask
    outputmask = np.choose(c, masks, mode=mode)
    outputmask = make_mask(mask_or(outputmask, getmask(indices)),
                           copy=False, shrink=True)
    # Get the choices.
    d = np.choose(c, data, mode=mode, out=out).view(MaskedArray)
    if out is not None:
        if isinstance(out, MaskedArray):
            out.__setmask__(outputmask)
        return out
    d.__setmask__(outputmask)
    return d


def round_(a, decimals=0, out=None):
    """
    Return a copy of a, rounded to 'decimals' places.

    When 'decimals' is negative, it specifies the number of positions
    to the left of the decimal point.  The real and imaginary parts of
    complex numbers are rounded separately. Nothing is done if the
    array is not of float type and 'decimals' is greater than or equal
    to 0.

    Parameters
    ----------
    decimals : int
        Number of decimals to round to. May be negative.
    out : array_like
        Existing array to use for output.
        If not given, returns a default copy of a.

    Notes
    -----
    If out is given and does not have a mask attribute, the mask of a
    is lost!

    """
    if out is None:
        return np.round_(a, decimals, out)
    else:
        np.round_(getdata(a), decimals, out)
        if hasattr(out, '_mask'):
            out._mask = getmask(a)
        return out
round = round_


# Needed by dot, so move here from extras.py. It will still be exported
# from extras.py for compatibility.
def mask_rowcols(a, axis=None):
    """
    Mask rows and/or columns of a 2D array that contain masked values.

    Mask whole rows and/or columns of a 2D array that contain
    masked values.  The masking behavior is selected using the
    `axis` parameter.

      - If `axis` is None, rows *and* columns are masked.
      - If `axis` is 0, only rows are masked.
      - If `axis` is 1 or -1, only columns are masked.

    Parameters
    ----------
    a : array_like, MaskedArray
        The array to mask.  If not a MaskedArray instance (or if no array
        elements are masked).  The result is a MaskedArray with `mask` set
        to `nomask` (False). Must be a 2D array.
    axis : int, optional
        Axis along which to perform the operation. If None, applies to a
        flattened version of the array.

    Returns
    -------
    a : MaskedArray
        A modified version of the input array, masked depending on the value
        of the `axis` parameter.

    Raises
    ------
    NotImplementedError
        If input array `a` is not 2D.

    See Also
    --------
    mask_rows : Mask rows of a 2D array that contain masked values.
    mask_cols : Mask cols of a 2D array that contain masked values.
    masked_where : Mask where a condition is met.

    Notes
    -----
    The input array's mask is modified by this function.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = np.zeros((3, 3), dtype=int)
    >>> a[1, 1] = 1
    >>> a
    array([[0, 0, 0],
           [0, 1, 0],
           [0, 0, 0]])
    >>> a = ma.masked_equal(a, 1)
    >>> a
    masked_array(
      data=[[0, 0, 0],
            [0, --, 0],
            [0, 0, 0]],
      mask=[[False, False, False],
            [False,  True, False],
            [False, False, False]],
      fill_value=1)
    >>> ma.mask_rowcols(a)
    masked_array(
      data=[[0, --, 0],
            [--, --, --],
            [0, --, 0]],
      mask=[[False,  True, False],
            [ True,  True,  True],
            [False,  True, False]],
      fill_value=1)

    """
    a = array(a, subok=False)
    if a.ndim != 2:
        raise NotImplementedError("mask_rowcols works for 2D arrays only.")
    m = getmask(a)
    # Nothing is masked: return a
    if m is nomask or not m.any():
        return a
    maskedval = m.nonzero()
    a._mask = a._mask.copy()
    if not axis:
        a[np.unique(maskedval[0])] = masked
    if axis in [None, 1, -1]:
        a[:, np.unique(maskedval[1])] = masked
    return a


# Include masked dot here to avoid import problems in getting it from
# extras.py. Note that it is not included in __all__, but rather exported
# from extras in order to avoid backward compatibility problems.
[docs]def dot(a, b, strict=False, out=None):
    """
    Return the dot product of two arrays.

    This function is the equivalent of `numpy.dot` that takes masked values
    into account. Note that `strict` and `out` are in different position
    than in the method version. In order to maintain compatibility with the
    corresponding method, it is recommended that the optional arguments be
    treated as keyword only.  At some point that may be mandatory.

    .. note::
      Works only with 2-D arrays at the moment.


    Parameters
    ----------
    a, b : masked_array_like
        Inputs arrays.
    strict : bool, optional
        Whether masked data are propagated (True) or set to 0 (False) for
        the computation. Default is False.  Propagating the mask means that
        if a masked value appears in a row or column, the whole row or
        column is considered masked.
    out : masked_array, optional
        Output argument. This must have the exact kind that would be returned
        if it was not used. In particular, it must have the right type, must be
        C-contiguous, and its dtype must be the dtype that would be returned
        for `dot(a,b)`. This is a performance feature. Therefore, if these
        conditions are not met, an exception is raised, instead of attempting
        to be flexible.

        .. versionadded:: 1.10.2

    See Also
    --------
    numpy.dot : Equivalent function for ndarrays.

    Examples
    --------
    >>> a = np.ma.array([[1, 2, 3], [4, 5, 6]], mask=[[1, 0, 0], [0, 0, 0]])
    >>> b = np.ma.array([[1, 2], [3, 4], [5, 6]], mask=[[1, 0], [0, 0], [0, 0]])
    >>> np.ma.dot(a, b)
    masked_array(
      data=[[21, 26],
            [45, 64]],
      mask=[[False, False],
            [False, False]],
      fill_value=999999)
    >>> np.ma.dot(a, b, strict=True)
    masked_array(
      data=[[--, --],
            [--, 64]],
      mask=[[ True,  True],
            [ True, False]],
      fill_value=999999)

    """
    # !!!: Works only with 2D arrays. There should be a way to get it to run
    # with higher dimension
    if strict and (a.ndim == 2) and (b.ndim == 2):
        a = mask_rowcols(a, 0)
        b = mask_rowcols(b, 1)
    am = ~getmaskarray(a)
    bm = ~getmaskarray(b)

    if out is None:
        d = np.dot(filled(a, 0), filled(b, 0))
        m = ~np.dot(am, bm)
        if d.ndim == 0:
            d = np.asarray(d)
        r = d.view(get_masked_subclass(a, b))
        r.__setmask__(m)
        return r
    else:
        d = np.dot(filled(a, 0), filled(b, 0), out._data)
        if out.mask.shape != d.shape:
            out._mask = np.empty(d.shape, MaskType)
        np.dot(am, bm, out._mask)
        np.logical_not(out._mask, out._mask)
        return out



def inner(a, b):
    """
    Returns the inner product of a and b for arrays of floating point types.

    Like the generic NumPy equivalent the product sum is over the last dimension
    of a and b. The first argument is not conjugated.

    """
    fa = filled(a, 0)
    fb = filled(b, 0)
    if fa.ndim == 0:
        fa.shape = (1,)
    if fb.ndim == 0:
        fb.shape = (1,)
    return np.inner(fa, fb).view(MaskedArray)
inner.__doc__ = doc_note(np.inner.__doc__,
                         "Masked values are replaced by 0.")
innerproduct = inner


def outer(a, b):
    "maskedarray version of the numpy function."
    fa = filled(a, 0).ravel()
    fb = filled(b, 0).ravel()
    d = np.outer(fa, fb)
    ma = getmask(a)
    mb = getmask(b)
    if ma is nomask and mb is nomask:
        return masked_array(d)
    ma = getmaskarray(a)
    mb = getmaskarray(b)
    m = make_mask(1 - np.outer(1 - ma, 1 - mb), copy=False)
    return masked_array(d, mask=m)
outer.__doc__ = doc_note(np.outer.__doc__,
                         "Masked values are replaced by 0.")
outerproduct = outer


def _convolve_or_correlate(f, a, v, mode, propagate_mask):
    """
    Helper function for ma.correlate and ma.convolve
    """
    if propagate_mask:
        # results which are contributed to by either item in any pair being invalid
        mask = (
            f(getmaskarray(a), np.ones(np.shape(v), dtype=bool), mode=mode)
          | f(np.ones(np.shape(a), dtype=bool), getmaskarray(v), mode=mode)
        )
        data = f(getdata(a), getdata(v), mode=mode)
    else:
        # results which are not contributed to by any pair of valid elements
        mask = ~f(~getmaskarray(a), ~getmaskarray(v))
        data = f(filled(a, 0), filled(v, 0), mode=mode)

    return masked_array(data, mask=mask)


def correlate(a, v, mode='valid', propagate_mask=True):
    """
    Cross-correlation of two 1-dimensional sequences.

    Parameters
    ----------
    a, v : array_like
        Input sequences.
    mode : {'valid', 'same', 'full'}, optional
        Refer to the `np.convolve` docstring.  Note that the default
        is 'valid', unlike `convolve`, which uses 'full'.
    propagate_mask : bool
        If True, then a result element is masked if any masked element contributes towards it.
        If False, then a result element is only masked if no non-masked element
        contribute towards it

    Returns
    -------
    out : MaskedArray
        Discrete cross-correlation of `a` and `v`.

    See Also
    --------
    numpy.correlate : Equivalent function in the top-level NumPy module.
    """
    return _convolve_or_correlate(np.correlate, a, v, mode, propagate_mask)


def convolve(a, v, mode='full', propagate_mask=True):
    """
    Returns the discrete, linear convolution of two one-dimensional sequences.

    Parameters
    ----------
    a, v : array_like
        Input sequences.
    mode : {'valid', 'same', 'full'}, optional
        Refer to the `np.convolve` docstring.
    propagate_mask : bool
        If True, then if any masked element is included in the sum for a result
        element, then the result is masked.
        If False, then the result element is only masked if no non-masked cells
        contribute towards it

    Returns
    -------
    out : MaskedArray
        Discrete, linear convolution of `a` and `v`.

    See Also
    --------
    numpy.convolve : Equivalent function in the top-level NumPy module.
    """
    return _convolve_or_correlate(np.convolve, a, v, mode, propagate_mask)


[docs]def allequal(a, b, fill_value=True):
    """
    Return True if all entries of a and b are equal, using
    fill_value as a truth value where either or both are masked.

    Parameters
    ----------
    a, b : array_like
        Input arrays to compare.
    fill_value : bool, optional
        Whether masked values in a or b are considered equal (True) or not
        (False).

    Returns
    -------
    y : bool
        Returns True if the two arrays are equal within the given
        tolerance, False otherwise. If either array contains NaN,
        then False is returned.

    See Also
    --------
    all, any
    numpy.ma.allclose

    Examples
    --------
    >>> a = np.ma.array([1e10, 1e-7, 42.0], mask=[0, 0, 1])
    >>> a
    masked_array(data=[10000000000.0, 1e-07, --],
                 mask=[False, False,  True],
           fill_value=1e+20)

    >>> b = np.array([1e10, 1e-7, -42.0])
    >>> b
    array([  1.00000000e+10,   1.00000000e-07,  -4.20000000e+01])
    >>> np.ma.allequal(a, b, fill_value=False)
    False
    >>> np.ma.allequal(a, b)
    True

    """
    m = mask_or(getmask(a), getmask(b))
    if m is nomask:
        x = getdata(a)
        y = getdata(b)
        d = umath.equal(x, y)
        return d.all()
    elif fill_value:
        x = getdata(a)
        y = getdata(b)
        d = umath.equal(x, y)
        dm = array(d, mask=m, copy=False)
        return dm.filled(True).all(None)
    else:
        return False



[docs]def allclose(a, b, masked_equal=True, rtol=1e-5, atol=1e-8):
    """
    Returns True if two arrays are element-wise equal within a tolerance.

    This function is equivalent to `allclose` except that masked values
    are treated as equal (default) or unequal, depending on the `masked_equal`
    argument.

    Parameters
    ----------
    a, b : array_like
        Input arrays to compare.
    masked_equal : bool, optional
        Whether masked values in `a` and `b` are considered equal (True) or not
        (False). They are considered equal by default.
    rtol : float, optional
        Relative tolerance. The relative difference is equal to ``rtol * b``.
        Default is 1e-5.
    atol : float, optional
        Absolute tolerance. The absolute difference is equal to `atol`.
        Default is 1e-8.

    Returns
    -------
    y : bool
        Returns True if the two arrays are equal within the given
        tolerance, False otherwise. If either array contains NaN, then
        False is returned.

    See Also
    --------
    all, any
    numpy.allclose : the non-masked `allclose`.

    Notes
    -----
    If the following equation is element-wise True, then `allclose` returns
    True::

      absolute(`a` - `b`) <= (`atol` + `rtol` * absolute(`b`))

    Return True if all elements of `a` and `b` are equal subject to
    given tolerances.

    Examples
    --------
    >>> a = np.ma.array([1e10, 1e-7, 42.0], mask=[0, 0, 1])
    >>> a
    masked_array(data=[10000000000.0, 1e-07, --],
                 mask=[False, False,  True],
           fill_value=1e+20)
    >>> b = np.ma.array([1e10, 1e-8, -42.0], mask=[0, 0, 1])
    >>> np.ma.allclose(a, b)
    False

    >>> a = np.ma.array([1e10, 1e-8, 42.0], mask=[0, 0, 1])
    >>> b = np.ma.array([1.00001e10, 1e-9, -42.0], mask=[0, 0, 1])
    >>> np.ma.allclose(a, b)
    True
    >>> np.ma.allclose(a, b, masked_equal=False)
    False

    Masked values are not compared directly.

    >>> a = np.ma.array([1e10, 1e-8, 42.0], mask=[0, 0, 1])
    >>> b = np.ma.array([1.00001e10, 1e-9, 42.0], mask=[0, 0, 1])
    >>> np.ma.allclose(a, b)
    True
    >>> np.ma.allclose(a, b, masked_equal=False)
    False

    """
    x = masked_array(a, copy=False)
    y = masked_array(b, copy=False)

    # make sure y is an inexact type to avoid abs(MIN_INT); will cause
    # casting of x later.
    dtype = np.result_type(y, 1.)
    if y.dtype != dtype:
        y = masked_array(y, dtype=dtype, copy=False)

    m = mask_or(getmask(x), getmask(y))
    xinf = np.isinf(masked_array(x, copy=False, mask=m)).filled(False)
    # If we have some infs, they should fall at the same place.
    if not np.all(xinf == filled(np.isinf(y), False)):
        return False
    # No infs at all
    if not np.any(xinf):
        d = filled(less_equal(absolute(x - y), atol + rtol * absolute(y)),
                   masked_equal)
        return np.all(d)

    if not np.all(filled(x[xinf] == y[xinf], masked_equal)):
        return False
    x = x[~xinf]
    y = y[~xinf]

    d = filled(less_equal(absolute(x - y), atol + rtol * absolute(y)),
               masked_equal)

    return np.all(d)



def asarray(a, dtype=None, order=None):
    """
    Convert the input to a masked array of the given data-type.

    No copy is performed if the input is already an `ndarray`. If `a` is
    a subclass of `MaskedArray`, a base class `MaskedArray` is returned.

    Parameters
    ----------
    a : array_like
        Input data, in any form that can be converted to a masked array. This
        includes lists, lists of tuples, tuples, tuples of tuples, tuples
        of lists, ndarrays and masked arrays.
    dtype : dtype, optional
        By default, the data-type is inferred from the input data.
    order : {'C', 'F'}, optional
        Whether to use row-major ('C') or column-major ('FORTRAN') memory
        representation.  Default is 'C'.

    Returns
    -------
    out : MaskedArray
        Masked array interpretation of `a`.

    See Also
    --------
    asanyarray : Similar to `asarray`, but conserves subclasses.

    Examples
    --------
    >>> x = np.arange(10.).reshape(2, 5)
    >>> x
    array([[0., 1., 2., 3., 4.],
           [5., 6., 7., 8., 9.]])
    >>> np.ma.asarray(x)
    masked_array(
      data=[[0., 1., 2., 3., 4.],
            [5., 6., 7., 8., 9.]],
      mask=False,
      fill_value=1e+20)
    >>> type(np.ma.asarray(x))
    <class 'numpy.ma.core.MaskedArray'>

    """
    order = order or 'C'
    return masked_array(a, dtype=dtype, copy=False, keep_mask=True,
                        subok=False, order=order)


def asanyarray(a, dtype=None):
    """
    Convert the input to a masked array, conserving subclasses.

    If `a` is a subclass of `MaskedArray`, its class is conserved.
    No copy is performed if the input is already an `ndarray`.

    Parameters
    ----------
    a : array_like
        Input data, in any form that can be converted to an array.
    dtype : dtype, optional
        By default, the data-type is inferred from the input data.
    order : {'C', 'F'}, optional
        Whether to use row-major ('C') or column-major ('FORTRAN') memory
        representation.  Default is 'C'.

    Returns
    -------
    out : MaskedArray
        MaskedArray interpretation of `a`.

    See Also
    --------
    asarray : Similar to `asanyarray`, but does not conserve subclass.

    Examples
    --------
    >>> x = np.arange(10.).reshape(2, 5)
    >>> x
    array([[0., 1., 2., 3., 4.],
           [5., 6., 7., 8., 9.]])
    >>> np.ma.asanyarray(x)
    masked_array(
      data=[[0., 1., 2., 3., 4.],
            [5., 6., 7., 8., 9.]],
      mask=False,
      fill_value=1e+20)
    >>> type(np.ma.asanyarray(x))
    <class 'numpy.ma.core.MaskedArray'>

    """
    # workaround for #8666, to preserve identity. Ideally the bottom line
    # would handle this for us.
    if isinstance(a, MaskedArray) and (dtype is None or dtype == a.dtype):
        return a
    return masked_array(a, dtype=dtype, copy=False, keep_mask=True, subok=True)


##############################################################################
#                               Pickling                                     #
##############################################################################

def _pickle_warn(method):
    # NumPy 1.15.0, 2017-12-10
    warnings.warn(
        f"np.ma.{method} is deprecated, use pickle.{method} instead",
        DeprecationWarning, stacklevel=3)


def fromfile(file, dtype=float, count=-1, sep=''):
    raise NotImplementedError(
        "fromfile() not yet implemented for a MaskedArray.")


def fromflex(fxarray):
    """
    Build a masked array from a suitable flexible-type array.

    The input array has to have a data-type with ``_data`` and ``_mask``
    fields. This type of array is output by `MaskedArray.toflex`.

    Parameters
    ----------
    fxarray : ndarray
        The structured input array, containing ``_data`` and ``_mask``
        fields. If present, other fields are discarded.

    Returns
    -------
    result : MaskedArray
        The constructed masked array.

    See Also
    --------
    MaskedArray.toflex : Build a flexible-type array from a masked array.

    Examples
    --------
    >>> x = np.ma.array(np.arange(9).reshape(3, 3), mask=[0] + [1, 0] * 4)
    >>> rec = x.toflex()
    >>> rec
    array([[(0, False), (1,  True), (2, False)],
           [(3,  True), (4, False), (5,  True)],
           [(6, False), (7,  True), (8, False)]],
          dtype=[('_data', '<i8'), ('_mask', '?')])
    >>> x2 = np.ma.fromflex(rec)
    >>> x2
    masked_array(
      data=[[0, --, 2],
            [--, 4, --],
            [6, --, 8]],
      mask=[[False,  True, False],
            [ True, False,  True],
            [False,  True, False]],
      fill_value=999999)

    Extra fields can be present in the structured array but are discarded:

    >>> dt = [('_data', '<i4'), ('_mask', '|b1'), ('field3', '<f4')]
    >>> rec2 = np.zeros((2, 2), dtype=dt)
    >>> rec2
    array([[(0, False, 0.), (0, False, 0.)],
           [(0, False, 0.), (0, False, 0.)]],
          dtype=[('_data', '<i4'), ('_mask', '?'), ('field3', '<f4')])
    >>> y = np.ma.fromflex(rec2)
    >>> y
    masked_array(
      data=[[0, 0],
            [0, 0]],
      mask=[[False, False],
            [False, False]],
      fill_value=999999,
      dtype=int32)

    """
    return masked_array(fxarray['_data'], mask=fxarray['_mask'])


class _convert2ma:

    """
    Convert functions from numpy to numpy.ma.

    Parameters
    ----------
        _methodname : string
            Name of the method to transform.

    """
    __doc__ = None

    def __init__(self, funcname, params=None):
        self._func = getattr(np, funcname)
        self.__doc__ = self.getdoc()
        self._extras = params or {}

    def getdoc(self):
        "Return the doc of the function (from the doc of the method)."
        doc = getattr(self._func, '__doc__', None)
        sig = get_object_signature(self._func)
        if doc:
            # Add the signature of the function at the beginning of the doc
            if sig:
                sig = "%s%s\n" % (self._func.__name__, sig)
            doc = sig + doc
        return doc

    def __call__(self, *args, **params):
        # Find the common parameters to the call and the definition
        _extras = self._extras
        common_params = set(params).intersection(_extras)
        # Drop the common parameters from the call
        for p in common_params:
            _extras[p] = params.pop(p)
        # Get the result
        result = self._func.__call__(*args, **params).view(MaskedArray)
        if "fill_value" in common_params:
            result.fill_value = _extras.get("fill_value", None)
        if "hardmask" in common_params:
            result._hardmask = bool(_extras.get("hard_mask", False))
        return result

arange = _convert2ma('arange', params=dict(fill_value=None, hardmask=False))
clip = np.clip
diff = np.diff
empty = _convert2ma('empty', params=dict(fill_value=None, hardmask=False))
empty_like = _convert2ma('empty_like')
frombuffer = _convert2ma('frombuffer')
fromfunction = _convert2ma('fromfunction')
identity = _convert2ma(
    'identity', params=dict(fill_value=None, hardmask=False))
indices = np.indices
ones = _convert2ma('ones', params=dict(fill_value=None, hardmask=False))
ones_like = np.ones_like
squeeze = np.squeeze
zeros = _convert2ma('zeros', params=dict(fill_value=None, hardmask=False))
zeros_like = np.zeros_like


def append(a, b, axis=None):
    """Append values to the end of an array.

    .. versionadded:: 1.9.0

    Parameters
    ----------
    a : array_like
        Values are appended to a copy of this array.
    b : array_like
        These values are appended to a copy of `a`.  It must be of the
        correct shape (the same shape as `a`, excluding `axis`).  If `axis`
        is not specified, `b` can be any shape and will be flattened
        before use.
    axis : int, optional
        The axis along which `v` are appended.  If `axis` is not given,
        both `a` and `b` are flattened before use.

    Returns
    -------
    append : MaskedArray
        A copy of `a` with `b` appended to `axis`.  Note that `append`
        does not occur in-place: a new array is allocated and filled.  If
        `axis` is None, the result is a flattened array.

    See Also
    --------
    numpy.append : Equivalent function in the top-level NumPy module.

    Examples
    --------
    >>> import numpy.ma as ma
    >>> a = ma.masked_values([1, 2, 3], 2)
    >>> b = ma.masked_values([[4, 5, 6], [7, 8, 9]], 7)
    >>> ma.append(a, b)
    masked_array(data=[1, --, 3, 4, 5, 6, --, 8, 9],
                 mask=[False,  True, False, False, False, False,  True, False,
                       False],
           fill_value=999999)
    """
    return concatenate([a, b], axis)
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  Source code for regrid2.crossSection

# Automatically adapted for numpy.oldnumeric Aug 02, 2007 by

import cdms2
import numpy
import copy
# from . import _regrid
import regrid2._regrid as _regrid
from .error import RegridError


[docs]class CrossSectionRegridder:
    """

        PURPOSE: To perform all the tasks required to regrid the input data into the ouput data in the
                 latitude-level plane for all times

        PROCEDURE:
            Step One:
                  Make an instance of class CrossSectionRegridder passing it input and output grid information
            Step Two:
                  Pass the input data with some descriptive parameters and get the output data
                  in return

    """

    def __init__(self, latIn, latOut, levIn, levOut, latTypeIn=None, latSizeIn=None,
                 latTypeOut=None, latSizeOut=None):
        """
        To make an instance which entails setting up the input and output grids

        Parameters
        ----------
        latIn : the axis specifying the latitude grid for the input data
        latOut : the axis specifying the latitude grid for the output data
        levIn : the axis specifying the pressure grid for the input data
        levOut : the axis specifying the pressure grid for the output data

        * Additional information is required if a latitude grid is not global. It may be generic.
        Otherwise it is a subset of one of the standard global grids. Correspondingly, the choice
        for the grid type must be 'gaussian', 'equalarea', 'uniform' or 'generic'. In addition, the
        computation requires the size of the global grid from which the subset was choosen. Consequently,
        the user must assemble:

        latTypeIn : for input latitude, one of the following:
           * 'gaussian'
           * 'equalarea'
           * 'uniform'
           * 'generic'

        latSizeIn : for input latitude, the size of the goblal grid used in selecting the region
        latTypeOut : for output latitude, one of the following:
           * 'gaussian'
           * 'equalarea'
           * 'uniform'
           * 'generic'
        latSizeOut : for output latitude, the size of the goblal grid used in selecting the region

        Note
        ----
        To  make an instance preparing for a global to global regrid, type
           * r = CrossSectionRegridder(latIn, latOut, levIn, levOut)

        To  make an instance preparing for a global to a regional grid which, for example, is a subset of
        a global gaussian grid of size 64, type

           * r = CrossSectionRegridder(latIn, latOut, levIn, levOut, latTypeOut = 'gaussian', latSizeOut = 64)
                * where the latOut axis must have been selected from the global 64 length gaussian grid
        """

        # ---  set the instance grid data attributes used to describe input and output grid sizes

        self.latOut = latOut
        self.levIn = levIn
        self.levOut = levOut
        self.nlevi = len(levIn)
        self.nlevo = len(levOut)

        latIn, self.nlati = checkdimension(latIn, 'input latitude')
        latOut, self.nlato = checkdimension(latOut, 'output latitude')

        # --- check for a single grid point in the latitude-level plane

        if self.nlevo == 1 and self.nlato != 1:
            sendmsg(
                'Error  in output grid - a single level value requires a single latitude value')
            raise ValueError
        if self.nlevo != 1 and self.nlato == 1:
            sendmsg(
                'Error  in output grid - a single latitude value requires a single longitude value')
            raise ValueError
        if self.nlevo == 1 and self.nlato == 1:
            calculateMean = 1
            msg = 'Warning -- regridding a cross section to a single point does not produce the global mean'
            sendmsg(msg)
        else:
            calculateMean = 0

        # ---  get the latitude coordinate grid boundaries for the input grid

        if latTypeIn is None:                                                  # global latIn
            lat_wts_bndsIn = get_latitude_wts_bnds(latIn)
        else:
            lat_wts_bndsIn = get_region_latitude_wts_bnds(
                latIn, latTypeIn, latSizeIn)

        lat_bndsIn = lat_wts_bndsIn[1]
        bnin, bsin = latitude_bounds(lat_bndsIn)

        if calculateMean == 0:                                                   # meaningful grid

            # ---  get the latitude coordinate grid boundaries for the output grid

            if latTypeOut is None:                                                  # global latOut
                lat_wts_bndsOut = get_latitude_wts_bnds(latOut)
            else:
                lat_wts_bndsOut = get_region_latitude_wts_bnds(
                    latOut, latTypeOut, latSizeOut)

            lat_bndsOut = lat_wts_bndsOut[1]
            bnout, bsout = latitude_bounds(lat_bndsOut)

        else:
            bnout = numpy.array([90.0], numpy.float32)
            bsout = numpy.array([-90.0], numpy.float32)

        # ---  call maplength to get the rest of the self data needed by rgrdlength

        t = _regrid.maplength(self.nlati, self.nlato, bnin, bnout, bsin, bsout)

        self.latdx, self.latpt, self.wtlat = t

    def __call__(self, ar, missing=None, order=None, method="log"):
        """
        Call the regridder function.
        ar is the input array.
        missing is the missing data value, if any. It defaults to the missing/fill value
          defined for the input array, if any.
        order is of the form "tzyx", "tyx", etc.
        method is either 'log' to interpolate in the log of pressure, or 'linear' for linear interpolation.
        """

        from cdms2.avariable import AbstractVariable
        from cdms2.tvariable import TransientVariable

        # Save Variable metadata for output
        if isinstance(ar, AbstractVariable):
            attrs = copy.copy(ar.attributes)
            varid = ar.id
            axislist = list([x[0].clone() for x in ar.getDomain()])
            inputIsVariable = 1
            if order is None:
                order = ar.getOrder()
            # this expects contiguous arrays
            if isinstance(
                    ar, TransientVariable) and ar.iscontiguous() is False:
                ar = ar.ascontiguous()
        else:
            inputIsVariable = 0

        # Turn ar into a numpy array.
        if numpy.ma.isMaskedArray(ar):
            armiss = ar.fill_value
            ar = numpy.ma.filled(ar)
        elif isinstance(ar, AbstractVariable):
            tempar = ar.getValue(squeeze=0)
            armiss = ar.getMissing()
            ar = numpy.ma.filled(tempar)
        elif isinstance(ar, numpy.ndarray):
            armiss = None
        else:
            raise RegridError(
                "Input array is not a Variable, numpy.ma, or numpy array")

        # If neither mask nor missing value is specified, get them from
        # the input array.
        if missing is None:
            missing = armiss
        if isinstance(missing, numpy.ndarray):
            missing = missing[0]

        rank = len(ar.shape)
        assert 2 <= rank <= 3, 'Array rank is %i, must be 2, or 3' % rank

        # Set the default order to match the input grid order
        if order is None:
            if rank == 2:
                order = "zy"
            else:
                order = "tzy"

        assert rank == len(
            order), 'Order must be same length as array rank: %i' % len(ar.shape)

        order = str.lower(order)

        # Map order to positionIn
        positionIn = [None] * 3
        for i in range(len(order)):
            if order[i] == 'y':
                positionIn[0] = i
                if inputIsVariable:
                    axislist[i] = self.latOut
            elif order[i] == 'z':
                positionIn[1] = i
                if inputIsVariable:
                    axislist[i] = self.levOut
            else:
                positionIn[2] = i

        # Regrid
        if method == 'log':
            logYes = 'yes'
        else:
            logYes = 'no'
        outar = self.rgrd(ar, missing, 'greater', logYes, positionIn)

        # Reconstruct the same class as on input
        # Mask fill_value and return results
        if inputIsVariable == 1:
            result = numpy.ma.masked_values(outar, missing)
            result = cdms2.createVariable(result, fill_value=missing,
                                          axes=axislist, attributes=attrs, id=varid)
        else:
            result = numpy.ma.masked_array(outar, fill_value=missing)
            result = numpy.ma.masked_values(result, missing)

        return result

[docs]    def rgrd(self, dataIn, missingValueIn, missingMatch, logYes='yes',
             positionIn=None, maskIn=None, missingValueOut=None):
        """
        To perform all the tasks required to regrid the input data, dataIn, into the ouput data, dataout in
        the latitude-level plane.

        Parameters
        ----------
        dataIn : data to regrid

        missingValueIn : the missing data value to use in setting missing in the mask. It is required.
          * None -- there is no missing data
          * A number -- if  the value to use in the search for possible missing data.
            The presence of missing data at a grid point leads to recording 0.0 in the mask.

        missingMatch : the comparison scheme used in searching for missing data in dataIn using the value
                       passed in as missingValueIn.
          * None -- used if None is the entry for missingValueIn
          * exact -- used if missingValue is the exact value from the file
          * greater -- the missing data value is equal to or greater than missingValueIn
          * less -- the missing data value is equal to or less than missingValueIn

        logYes : choose the level regrid as linear in log of level or linear in level.
          * Set to 'yes' for log. Anything else is linear in level.

        positionIn : a tuple with the numerical position of the dimensions
          * in C or Python order specified in the sequence latitude,
            level and time. Latitude and level are required. If time is missing submit None in its
            slot in the tuple. Notice that the length of the tuple is
            always three.

            Explicitly, in terms of the shape of dataIn as returned by python's shape function

            positionIn[0] contains the position of latitude in dataIn
            positionIn[1] contains the position of level in dataIn or None
            positionIn[2] contains the position of time in dataIn or None

            If the c order shape of 3D data is
            (number of times, number of levels, number of latitudes)
            submit
            (2, 1, 0).

            If the c order shape of 2D data is
            (number of times, number of latitudes)
            submit
            (1, None, 0).

            Send in None if the shape is a subset of (time, level, latitude) which is evaluated
            as follows:
                * 2D -- code assumes (1,0,None)
                * 3D -- code assumes (2,1,0)

        maskIn : an array of 1.0 and 0.0 values where the 0.0 value is used to mask the input data.
          This mask only works on the latitude grid. It is not possible to mask out a region in the level
          plane. The 0.0 value removes the data from correponding grid point. The user can supply the
          following choices:

            * None -- an array of 1.0s is created followed by substituting 0.0s for grid points with missing
              data in the input data array, dataIn

            * array -- an array of 1.0s or 0.0s which must be either 2D or the actual size of the input data,
              dataIn. This user supplied mask might be used to mask a latitude region. It is not
              required to account for missing data in the input data. The code uses missingValueIn
              and missingMatch to supply the 0.0s for grid points with missing data in the input
              data array, dataIn.

        missingValueOut : the value for the missing data used in writing the output data.
            * If left at the default entry, None, the code uses missingValueIn
            * If present or as a last resort 1.0e20

        Returns
        -------
        dataOut : the regridded data

        Example
        -------

        To regrid dataIn into dataOut using all the defaults where None, None signifies no
        missing data.
            * dataOut = x.rgrd(dataIn, None, None)

        To regrid dataIn into dataOut using 1.0e20 and greater as the missing data
            * dataOut = x.rgrd(dataIn, 1.e20, 'greater')

        Note:  This code does not regrid cross sections which have a single dummy longitude value!
        """

        # check the required input -- dataIn, missingValueIn and  missingMatch

        # make sure that dataIn is an array

        try:
            len(dataIn)
        except TypeError:
            sendmsg('Error in calling the rgrd method -- dataIn must be an array')
            raise TypeError

        # try to identify a single dummy longitude

        dataShape = dataIn.shape

        if len(dataShape) > 3:
            msg = 'Error in call to rgrd -- cross section data can not have more than 3 dimensions'
            sendmsg(msg)
            raise TypeError

        if positionIn is not None:
            if self.nlati != (dataShape[positionIn[0]]):
                msg = 'Latitude vector is inconsistent with input data'
                sendmsg(msg)
                raise ValueError

            if self.nlevi != (dataShape[positionIn[1]]):
                msg = 'Level vector is inconsistent with input data'
                sendmsg(msg)
                raise ValueError

        # check the missingValueIn pass

        if missingValueIn is not None:
            try:
                abs(missingValueIn)
            except TypeError:
                sendmsg(
                    'Error in calling the rgrd method -- missingvalueIn must be None or a number. Now it is  ',
                    missingValueIn)
                raise TypeError

        # check the missingMatch pass

        missingPossibilities = ['greater', 'equal', 'less', None]
        if missingMatch not in missingPossibilities:
            msg = 'Error in missingMatch -- it must be None or the string greater, equal, or less. Now it is '
            sendmsg(msg, missingMatch)
            raise ValueError

        # set missing value to be used in dataOut

        if missingValueOut is None:
            if missingValueIn is not None:
                # default
                omit = missingValueIn
            else:
                # default
                omit = 1.0e20
        else:
            # user choice
            omit = missingValueOut

        # --- Check data type and change to float if necessary ----

        if dataIn.dtype.char != 'f':
            dataIn = dataIn.astype(numpy.float32)

        # produce the input for rgdlength not generated by maplength

        dataShape = dataIn.shape
        numberDim = len(dataShape)

        if numberDim < 2:
            msg = 'Error in call to rgrd -- data must have at least 2 dimensions'
            sendmsg(msg)
            raise TypeError

        if positionIn is None:               # construct the default positionIn tuple
            positionList = []
            for n in range(numberDim):       # insert a sequence of numbers
                positionList.append(n)
            positionList.reverse()

            if numberDim == 2:               # fill end of list with a None
                positionList.append(None)

            positionIn = tuple(positionList)

        if len(positionIn) != 3:
            msg = 'Error in call to rgrd -- positionIn must be a tuple of length 3'
            sendmsg(msg)
            raise TypeError

        # set ilon, ilat in Fortran order except that the first index is 0 -
        # not 1
        ilat = numberDim - 1 - positionIn[0]

        itim1 = itim2 = -1
        ntim1 = ntim2 = 0

        if numberDim == 2:                         # lat and level field
            itim1 = numberDim - 1 - positionIn[1]
            ntim1 = dataShape[positionIn[1]]

        if numberDim == 3:                         # lon_lat field + level + time
            itim1 = numberDim - 1 - positionIn[1]
            ntim1 = dataShape[positionIn[1]]
            itim2 = numberDim - 1 - positionIn[2]
            ntim2 = dataShape[positionIn[2]]

        # check for consistency between the grid axiss and the dataIn shape

        if self.nlati != (dataShape[positionIn[0]]):
            msg = 'Latitude vector is inconsistent with input data'
            sendmsg(msg)
            raise ValueError

        if self.nlevi != (dataShape[positionIn[1]]):
            msg = 'Level vector is inconsistent with input data'
            sendmsg(msg)
            raise ValueError

        # allocate memory for aout -- the array with original number of levels
        # but the new number of latitudes

        aoutList = list(dataIn.shape)
        aoutList[positionIn[0]] = self.nlato
        # memory for aout
        aout = numpy.zeros(tuple(aoutList), numpy.float32)

        # generate the mask

        amskin = sectionmask(
            dataIn,
            positionIn,
            maskIn,
            missingValueIn,
            missingMatch)

        #      ------------- call rgdlength to regrid latitude  ---------------

        _regrid.rgdlength(
            ilat,
            itim1,
            itim2,
            ntim1,
            ntim2,
            self.nlati,
            self.nlato,
            omit,
            self.latdx,
            self.latpt,
            self.wtlat,
            amskin,
            dataIn,
            aout)

        #      ------------- call rgdpressure to regrid pressure  -------------

        # allocate memory for ap -- the array with new number of levels and the
        # new number of latitudes

        apList = list(dataIn.shape)
        apList[positionIn[0]] = self.nlato
        apList[positionIn[1]] = self.nlevo
        # memory for ap
        ap = numpy.zeros(tuple(apList), numpy.float32)

        nlon = 0
        if missingMatch is None:                                                # if no missing do not pass None
            missingMatch = 'none'

        # if no missing do not pass None
        if missingValueIn is None:
            missingValueIn = 1.333e33

        if logYes != 'yes':
            logYes = 'no'

        levIn = self.levIn[:].astype(numpy.float64)
        levOut = self.levOut[:].astype(numpy.float64)
        _regrid.rgdpressure(
            self.nlevi,
            self.nlevo,
            self.nlato,
            nlon,
            ntim2,
            missingValueIn,
            missingMatch,
            logYes,
            levIn,
            levOut,
            aout,
            ap)

        if missingMatch == 'none':                    # if no missing do not pass None
            missingMatch = None
        if missingValueIn == 1.333e33:
            missingValueIn = None

        return ap




[docs]def checkdimension(x, name):
    """
    Purpose : dimension  checks
              1. has a len method
              2. data type is float32
              3. monotonically increasing vectors

    Parameters
    ----------
    x : coordinate vector

    name : coordinate vector ID

    Returns
    -------
    x, xsize -- dimension vector and its size
    """

    data = x[:]
    try:
        xsize = len(x)
    except TypeError:
        sendmsg('Hgrid instance error -- instance requires a ' + name)
        raise TypeError

    if data.dtype.char != 'f':
        x[:] = x[:].astype(numpy.float32)

    # -----  check for consistency  -----

    if x[0] > x[xsize - 1]:
        for n in range(1, xsize):
            if x[n] > x[n - 1]:
                sendmsg('Hgrid instance error -- ' + name + 'not monotonic')
                raise ValueError
                return
    else:
        for n in range(1, xsize):
            if x[n] < x[n - 1]:
                sendmsg('Hgrid instance error -- ' + name + 'not monotonic')
                raise ValueError
                return

    return x, xsize



[docs]def generic_wts_bnds(lat):
    try:
        bnds = lat.getBounds()
        if bnds is None:  # No bounds defined
            newLat = lat.clone()
            newLat.setBounds(None)
        bnds = lat.getBounds()
    except BaseException:  # just an array....
        newLat = cdms2.createAxis(lat)
        newLat.setBounds(None)
        bnds = newLat.getBounds()
    outBnds = bnds[:, 0].tolist()
    outBnds.append(bnds[-1][-1])
    outBnds = numpy.array(outBnds)
    wts = [outBnds[i + 1] - outBnds[i] for i in range(len(lat))]
    wts = numpy.array(wts) / numpy.sum(wts)
    return wts, outBnds



[docs]def get_latitude_wts_bnds(checklatpass):
    """get_latitude_wts_bnds

    Compare the passed checklatpass with the correct geophysical ones
    calculated here. After finding a match call the function to get the bounds.

    wts,bnds = get_latitude_wts_bnds(checklatpass)

    Parameters
    ----------
    checklatpass : is the grid to check

    Returns
    -------
    wts, bnds - tuple with weights and bounds

    """
    small = 0.001                     # use as tolerance in checking values

    nlat = len(checklatpass)

    reverse_latitude = 'no'

    # ------ set latitude direction to n to s for comparisons -------

    if checklatpass[0] < checklatpass[nlat -
                                      1]:                         # need a copy?
        checklat = numpy.array(checklatpass, numpy.float64)
        checklat = checklat[::-1]
        reverse_latitude = 'yes'
    else:
        checklat = checklatpass

    # ------ check the pass for evenly spaced latitudes -------

    firstdelta = abs(checklat[0] - checklat[1])
    maxdiff = 0.0
    for i in range(1, nlat - 1):
        diff = abs(firstdelta - (checklat[i] - checklat[i + 1]))
        if diff > maxdiff:
            maxdiff = diff

    if maxdiff < small:
        #        if abs(90. - checklat[0]) > small or abs(-90. -
        #                                                 checklat[nlat - 1]) > small:
        #            grid_type = 'even'                                # evenly spaced without poles
        #            wts, bnds = generic_wts_bnds(checklat)
        #            if reverse_latitude == 'yes':
        #                wts = wts[::-1]
        #                bnds = bnds[::-1]
        #            return (wts, bnds)
        #        else:
        grid_type = 'uniform'                             # evenly spaced with poles
        pts_wts_bnds = _regrid.gridattr(nlat, grid_type)
        wts = pts_wts_bnds[1]
        bnds = pts_wts_bnds[2]
        if reverse_latitude == 'yes':
            wts = wts[::-1]
            bnds = bnds[::-1]
        return (wts, bnds)

    # ------ check the pass for gaussian latitudes -------

    grid_type = 'gaussian'
    pts_wts_bnds = _regrid.gridattr(nlat, grid_type)
    latvals = pts_wts_bnds[0]
    laterror = max(abs(latvals - checklat))
    if laterror < small:
        wts = pts_wts_bnds[1]
        bnds = pts_wts_bnds[2]
        if reverse_latitude == 'yes':
            wts = wts[::-1]
            bnds = bnds[::-1]
        return (wts, bnds)

    # ------ check the pass for equalarea latitudes -------

    grid_type = 'equalarea'
    pts_wts_bnds = _regrid.gridattr(nlat, grid_type)
    latvals = pts_wts_bnds[0]
    laterror = max(abs(latvals - checklat))
    if laterror < small:
        wts = pts_wts_bnds[1]
        bnds = pts_wts_bnds[2]
        if reverse_latitude == 'yes':
            wts = wts[::-1]
            bnds = bnds[::-1]
        return (wts, bnds)

    # ------ must be generic latitude -------
    wts, bnds = generic_wts_bnds(checklatpass)
    return (wts, bnds)



[docs]def latitude_bounds(lat_bnds):
    """

    Purpose:

    set up the shape and bounds for use by maparea

    Usage:

    Returns
    -------

    tuple ( bn,bs )

    """

    latbnds = lat_bnds.astype(numpy.float32)

    if latbnds[0] > latbnds[len(latbnds) - 1]:
        bn = latbnds[:-1]
        bs = latbnds[1:]
    else:
        bn = latbnds[1:]
        bs = latbnds[:-1]

    return (bn, bs)



[docs]def get_region_latitude_wts_bnds(latRegionpass, latType, latSize):
    """

    Routine : get_region_latitude_wts_bnds

    Purpose : compare the passed latitudes, latRegion, with the global
              ones calculated here and extract the wts and bounds for
             the region

    Usage : wts,bnds = get_region_latitude_wts_bnds(latRegion, latType, latSize)
            where latRegion is the regional grid to check

    Returns
    -------

    wts, bnds - tuple with weights and bounds

    """

    latTypeList = ['gaussian', 'equalarea', 'uniform', 'generic']

    if latType not in latTypeList:
        sendmsg(
            "Error in latType -- it must be 'gaussian', 'equalarea', 'even' or 'generic' and not ",
            latType)
        raise ValueError
        return

    if latSize is None:
        sendmsg('Error in latSize -- it must be a number')
        raise ValueError
        return

    nlat = len(latRegionpass)
    reverse_latitude = 'no'

    # ------ set latitude direction to n to s for comparisons -------

    if latRegionpass[0] < latRegionpass[nlat -
                                        1]:                         # need a copy?
        latRegion = numpy.array(latRegionpass, numpy.float64)
        latRegion = latRegion[::-1]
        reverse_latitude = 'yes'
    else:
        latRegion = latRegionpass

    small = 0.001                     # use as tolerance in checking values

    # ------ check the pass for gaussian latitudes -------

    if latType != 'generic':
        # n to s global pts, wts and bnds
        pts_wts_bnds = _regrid.gridattr(latSize, latType)
        latvals = pts_wts_bnds[0]

        imatch = -1
        i = 0
        while(imatch == -1):
            if abs(latvals[i] - latRegion[0]) < small:    # first index found
                startIndex = i
                imatch = 0
            i = i + 1
        imatch = -1
        while(imatch == -1):
            if abs(latvals[i] - latRegion[nlat - 1]
                   ) < small:    # last index found
                lastIndex = i
                imatch = 0
            i = i + 1

        wts = pts_wts_bnds[1][startIndex:lastIndex + 1]
        bnds = pts_wts_bnds[2][startIndex:lastIndex + 2]

        if reverse_latitude == 'yes':
            wts = wts[::-1]
            bnds = bnds[::-1]

        return (wts, bnds)


#    else:                            # must be generic latitude -------
#
#        wts, bnds = generic_wts_bnds(latIn)
#        if reverse_latitude == 'yes':
#            wts = wts[::-1]
#            bnds = bnds[::-1]
#        return (wts, bnds)


[docs]def sectionmask(dataIn, positionIn, maskIn, missingValueIn, missingMatch):
    """

    Purpose : construct the mask for the input data for use by rgdlength

    Usage : amskin = mask(dataIn, positionIn, maskIn, missingValueIn, missingValueOut, flag2D)

    Returns
    -------

    amskin

    """
    # Logic outline
    # START NO USER MASK SECTION ?
    #
    # START USER MASK SECTION ?
    #    USER SUPPLIED MASK IS 2D ?
    #    USER SUPPLIED MASK IS FULL SIZE ?

    # ---- check the missingMatch pass --------

    missingPossibilities = ['greater', 'equal', 'less', None]
    if missingMatch not in missingPossibilities:
        msg = 'Error in missingMatch -- it must be None or the string greater, equal, or less'
        sendmsg(msg)
        raise ValueError

    # ----- Check for missing data in dataIn, set missingFlag and miss, the va

    # missingFlag = 0 if there is no missing data
    # missingFlag = 1 if there is missing data found using greater than missingValueIn
    # missingFlag = 1 if there is missing data found using the default 1.0e20
    # missingFlag = 2 if there is missing data found using equal to missingValueIn
    # missingFlag = 3 if there is missing data found using less than
    # missingValueIn

    missingFlag = 0

    # use value from the file
    if missingValueIn is not None:

        if missingMatch == 'greater':
            if missingValueIn > 0:
                miss = 0.99 * missingValueIn
            else:
                miss = 1.01 * missingValueIn
            n = numpy.add.reduce(
                numpy.where(
                    numpy.greater(
                        numpy.ravel(dataIn),
                        miss),
                    1,
                    0))
            if n > 0:
                missingFlag = 1

        elif missingMatch == 'equal':
            miss = missingValueIn
            n = numpy.add.reduce(
                numpy.where(
                    numpy.equal(
                        numpy.ravel(dataIn),
                        miss),
                    1,
                    0))
            if n > 0:
                missingFlag = 2

        elif missingMatch == 'less':
            if missingValueIn > 0:
                miss = 1.01 * missingValueIn
            else:
                miss = 0.99 * missingValueIn
            n = numpy.add.reduce(
                numpy.where(
                    numpy.less(
                        numpy.ravel(dataIn),
                        miss),
                    1,
                    0))
            if n > 0:
                missingFlag = 3

    # ----- get the shape of dataIn and set the number of dimensions in the da

    dataShape = dataIn.shape
    # set size and check against positionIn
    numberDataDim = len(dataShape)

    # remove the None fillers
    reducedPositionIn = []
    for i in range(len(positionIn)):
        if positionIn[i] is not None:
            reducedPositionIn.append(positionIn[i])

    if numberDataDim != len(reducedPositionIn):
        msg = 'positionIn does not describe the number of dimensions in the data'
        sendmsg(msg)
        raise ValueError

    # ----- Determine the order of latitude and level in the data -------

    # sequence is standard (lat,lon)
    if positionIn[0] > positionIn[1]:
        levlatFlag = 1
    else:
        levlatFlag = 0

    # ------------------------------------------------------------------------------------------------------
    # -----------------------------------------  Generate the mask -----------
    # ------------------------------------------------------------------------------------------------------

    # ------------------------------------------------------------------------------------------------------
    # ---------- START NO USER MASK SECTION

    if maskIn is None:                                        # ---- need to generate the mask from scratch ----

        # allocate memory
        amskin = numpy.ones(dataShape, numpy.float32)

    # ---------- START USER MASK SECTION

    else:                                                   # ---- use the users supplied mask ----

        numberMaskDim = len(maskIn.shape)

        if numberMaskDim == 2:  # ----------------------- USER SUPPLIED MASK IS 2D

            # mask shape is (lat,lon)
            if levlatFlag == 1:
                checkmaskShape = (
                    dataShape[positionIn[1]], dataShape[positionIn[0]])
            # mask shape is (lon,lat)
            else:
                checkmaskShape = (
                    dataShape[positionIn[0]], dataShape[positionIn[1]])

            if maskIn.shape != checkmaskShape:                                             # check the mask shape
                msg = 'Error -- 2D mask supplied mask must have the same shape as corresponding slice in the input data'
                sendmsg(msg)
                raise IndexError

            # FINAL MASK IS FULL SIZED WITH USERS 2D MASK REPLICATED

            if numberDataDim > 2:
                # replicate the mask to size of dataIn
                amskin = numpy.resize(maskIn, dataShape)

        else:                                                 # ----------------------   USER SUPPLIED MASK IS FULL SIZE

            amskin = maskIn

            if numberMaskDim != numberDataDim:
                msg = 'Error -- user supplied mask must be 2D or the size of the data'
                sendmsg(msg)
                raise IndexError

            if amskin.shape != dataIn.shape:
                msg = 'Error -- full size mask supplied must have the same shape as the input data'
                sendmsg(msg)
                raise IndexError

    # there is missing data in dataIn to add to amskin
    if missingFlag != 0:
        if missingFlag == 1:
            amskin = numpy.where(numpy.greater(dataIn, miss), 0.0, amskin)
        elif missingFlag == 2:
            amskin = numpy.where(numpy.equal(dataIn, miss), 0.0, amskin)
        elif missingFlag == 3:
            amskin = numpy.where(numpy.greater(dataIn, miss), 0.0, amskin)

    amskin = amskin.astype(numpy.float32)

    return amskin



[docs]def sendmsg(msg, value1=None, value2=None):
    """

    Purpose : send the same message to the screen

    Passed : msg - the string


    Parmeters
    ---------
    value : the number associated with the string

    Returns
    -------

    return

    """

    print('*******************************************************************')
    if value1 is None:
        print(msg)
    elif value2 is None:
        print((msg, value1))
    else:
        print((msg, value1, value2))
    print('*******************************************************************')

    return None



[docs]def section(latvals, levvals):
    """

    Purpose : make the crossi section analytical test case

    Passed : the grid coordinate vectors

    Returns
    -------

    xsection : a temerature like cross section

    """

    nlev = len(levvals)

    nlat = len(latvals)
    theta = (math.pi / 180.) * latvals

    xsection = numpy.zeros((nlev, nlat), numpy.float32)     # memory

    t0 = 60.
    p0 = 1000.

    for j in range(nlat):
        for i in range(nlev):
            x = math.cos(theta[j])**2
            y = t0 * ((levvals[i] / p0)**.3)
            xsection[i, j] = x * y - 30.

    return xsection



[docs]def rmserror(data1, data2):
    """

    Purpose : compute the rms error for two data sets having the same shape


    Passed : the two data sets


    Returns
    -------

    rms error

   """

    if data1.shape != data2.shape:
        print('Error in shape in rmserror')
        print(('data1 shape = ', data1.shape))
        print(('data2 shape = ', data2.shape))
        raise ValueError

    d1 = numpy.ravel(data1)
    d2 = numpy.ravel(data2)

    sq = (d1 - d2) * (d1 - d2)
    error = numpy.sum(sq) / len(d1)
    rmserror = numpy.sqrt(error)

    return rmserror



if __name__ == '__main__':
    import math

    latIn = cdms2.createUniformLatitudeAxis(90.0, 46, -4.0)
    levList = [10., 40., 75., 100., 150., 250., 350., 500.,
               650., 850., 1000.]                  # pick some levels
    levIn = cdms2.createAxis(numpy.array(levList, numpy.float64), id='level')
    latOut = cdms2.createGaussianAxis(64)
    levList = [10., 30., 50., 70., 100., 200., 300., 400.,
               500., 700., 850., 1000.]         # pick some levels
    levOut = cdms2.createAxis(numpy.array(levList, numpy.float64), id='level')

    xregridf = CrossSectionRegridder(latIn, latOut, levIn, levOut)

    # make some artificial data
    dataIn = section(latIn[:], levIn[:])
    var = cdms2.createVariable(
        dataIn, axes=(
            levIn, latIn), attributes={
            'units': 'N/A'}, id='test')

    dataOut = xregridf(dataIn)

    # make the exact answer
    dataCheck = section(latOut[:], levOut[:])
    # find the rms error
    error = rmserror(dataOut, dataCheck)

    print('expected cross section test case rms error =  0.18581882')
    # print 'expected cross section test case rms error =  0.23062'
    print(('calculated cross section test case rms error = ', error))
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  Source code for regrid2.error

[docs]class RegridError (Exception):
    def __init__(self, args="Unspecified error from regrid package"):
        self.args = (args,)





            

          

      

      

    

  

  
    
    
    regrid2.esmf
    

    

    
 
  

    
      
          
            
  Source code for regrid2.esmf

#!/usr/bin/env python

#
# Copyright (c) 2008-2012, Tech-X Corporation
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the conditions
# specified in the license file 'license.txt' are met.
#
# Authors: David Kindig and Alex Pletzer
#

import re
import time
import numpy
from regrid2 import RegridError
import ESMF
from functools import reduce

# constants
R8 = ESMF.TypeKind.R8
R4 = ESMF.TypeKind.R4
I8 = ESMF.TypeKind.I8
I4 = ESMF.TypeKind.I4
CENTER = ESMF.StaggerLoc.CENTER  # Same as ESMF.StaggerLoc.CENTER_VCENTER
CENTER_VCENTER = ESMF.StaggerLoc.CENTER_VCENTER
CORNER = ESMF.StaggerLoc.CORNER
VCORNER = ESMF.StaggerLoc.CORNER_VFACE
VFACE = VCORNER
CONSERVE = ESMF.RegridMethod.CONSERVE
PATCH = ESMF.RegridMethod.PATCH
BILINEAR = ESMF.RegridMethod.BILINEAR
IGNORE = ESMF.UnmappedAction.IGNORE
ERROR = ESMF.UnmappedAction.ERROR


[docs]class EsmfUnstructGrid:
    """
    Constructor

    Parameters
    ----------
    numTopoDims :  number of topological dimensions

    numSpaceDims : number of space dimensions
    """

[docs]    def __init__(self, numTopoDims, numSpaceDims):
        # handle to the grid object
        self.grid = None
        # whether or not nodes were added
        self.nodesAdded = False
        # whether or not cells were added
        self.cellsAdded = False
        # the local processor rank
        self.pe = 0
        # number of processors
        self.nprocs = 1
        # communicator
        self.comm = None

        vm = ESMF.ESMP_VMGetGlobal()
        self.pe, self.nprocs = ESMF.ESMP_VMGet(vm)

        self.grid = ESMF.Mesh(
            parametric_dim=numTopoDims,
            spatial_dim=numSpaceDims)


[docs]    def setCells(self, cellIndices, cellTypes, connectivity,
                 cellMask=None, cellAreas=None):
        """
        Set Cell connectivity.

        Parameters
        ----------

        cellIndices : any 0-based.

        cellTypes : any one of ESMF_MESHELEMTYPE_{TRI,QUAD,TETRA,HEX}.

        connectivityNode : any connectivity array, see below for node ordering.

        cellMask : any cellAreas area (volume) of each cell.



        Notes
        -----

::
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              \  |  /                       |  /            |  /
               \ | /                        | /             | /
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       ESMF_MESHELEMTYPE_TETRA             ESMF.MESHELEMTYPE_HEX

        """
        n = len(cellIndices)
        if not self.cellsAdded:
            # node/cell indices are 1-based in ESMF
            cellIndices += 1
            self.grid.add_elements(n, cellIndices, cellTypes,
                                   connectivity, elementMask=cellMask,
                                   elementArea=cellAreas)
        self.cellsAdded = True


[docs]    def setNodes(self, indices, coords, peOwners=None):
        """
        Set the nodal coordinates

        Parameters
        ----------
        indices : Ids of the nodes (0-based)

        coords : nodal coordinates

        peOwners : processor ranks where the coordinates reside (0-based)
        """
        n = len(indices)
        if not self.nodesAdded:
            if peOwners is None:
                peOwners = numpy.ones((n,), numpy.int32) * self.pe
            # node indices are 1-based
            indices += 1
            self.grid.add_nodes(n, indices, coords, peOwners)
        self.nodesAdded = True


[docs]    def toVTK(self, filename):
        """
        Write grid to VTK file format

        Parameters
        ----------
        filename : VTK file name

        """
        self.grid.write(filename)


    def __del__(self):
        self.grid.destroy()


##########################################################################


[docs]class EsmfStructGrid:
    """
    Structured grid

    Parameters
    ----------

    shape : Tuple of cell sizes along each axis

    coordSys : coordinate system
               ESMF.CoordSys.CART Cartesian
               ESMF.CoordSys.SPH_DEG (default) Degrees
               ESMF.CoordSys.SPH_RAD Radians

    periodicity : Does the grid have a periodic coordinate
                  0 No periodicity
                  1 Periodic in x (1st) axis
                  2 Periodic in x, y axes

    staggerloc : ESMF stagger location. ESMF.StaggerLoc.XXXX
                 The stagger constants are listed at the top

    hasBounds : If the grid has bounds, Run AddCoords for the bounds
    """

[docs]    def __init__(self, shape, coordSys=ESMF.CoordSys.SPH_DEG,
                 periodicity=0, staggerloc=ESMF.StaggerLoc.CENTER,
                 hasBounds=False):
        """

        """
        # ESMF grid object
        self.grid = None
        # number of cells in [z,] y, x on all processors
        self.shape = shape[::-1]
        # number of dimensions
        self.ndims = len(self.shape)
        # whether or not cell areas were set
        self.cellAreasSet = False
        # whether or not nodal coords were set
        self.nodesSet = False
        # whether or not cell centered coordinates were set
        self.centersSet = False

        # assume last 2 dimensions are Y,X
        # For esmf reverse to X, Y
        maxIndex = numpy.array(shape[::-1], dtype=numpy.int32)

        self.centersSet = False
        periodic_dim = 0
        pole_dim = 1
        if periodicity == 0:
            self.grid = ESMF.Grid(max_index=maxIndex, num_peri_dims=0, staggerloc=[staggerloc],
                                  coord_sys=coordSys)
        elif periodicity == 1:
            self.grid = ESMF.Grid(max_index=maxIndex, num_peri_dims=1,
                                  periodic_dim=periodic_dim, pole_dim=pole_dim,
                                  staggerloc=[staggerloc], coord_sys=coordSys)
        else:
            msg = """
esmf.EsmfStructGrid.__init__: ERROR periodic dimensions %d > 1 not permitted.
            """ % periodicity
            raise RegridError(msg)

        # Grid add coordinates call must go here for parallel runs
        # This occur before the fields are created, making the fields
        # parallel aware.
        if ((staggerloc == CENTER) and (not self.centersSet)):
            self.centersSet = True
        elif (staggerloc == CORNER) and (not self.nodesSet):
            self.nodesSet = True

        if hasBounds is not None:
            if self.ndims == 2:
                self.grid.add_coords([CORNER], coord_dim=None, from_file=False)
            if self.ndims == 3:
                self.grid.add_coords(
                    [VCORNER], coord_dim=None, from_file=False)


[docs]    def getLocalSlab(self, staggerloc):
        """
        Get the local slab (ellipsis). You can use this to grab
        the data local to this processor

        Parameters
        -----------
        staggerloc : (e.g. ESMF.StaggerLoc.CENTER)


        Returns
        -------
        tuple of slices.
        """
        lo, hi = self.getLoHiBounds(staggerloc)
        return tuple([slice(lo[i], hi[i], None)
                      for i in range(self.ndims)])[::-1]


[docs]    def getLoHiBounds(self, staggerloc):
        """
        Get the local lo/hi index values for the coordinates (per processor)
        (hi is not inclusive, lo <= index < hi)

        Parameters
        ----------
        staggerloc : (e.g. ESMF.StaggerLoc.CENTER)


        Returns
        -------
        lo, hi lists.
        """
        lo = self.grid.lower_bounds[staggerloc]
        hi = self.grid.upper_bounds[staggerloc]
        return lo, hi


[docs]    def getCoordShape(self, staggerloc):
        """
        Get the local coordinate shape (may be different on each processor)

        Parameters
        ----------
        staggerloc : (e.g. ESMF.StaggerLoc.CENTER)


        Returns
        -------
        tuple
        """
        lo, hi = self.getLoHiBounds(staggerloc)
        return tuple([hi[i] - lo[i] for i in range(self.ndims)])[::-1]


[docs]    def setCoords(self, coords, staggerloc=CENTER, globalIndexing=False):
        """
        Populate the grid with staggered coordinates (e.g. corner or center).

        Parameters
        ----------

        coords : The curvilinear coordinates of the grid. List of numpy arrays.
                 Must exist on all procs.

        staggerloc : The stagger location ESMF.StaggerLoc.CENTER (default)
                     ESMF.StaggerLoc.CORNER

        globalIndexing : if True array was allocated over global index space, otherwise array was
                         allocated over local index space on this processor. This is only relevant
                         if rootPe is None

        Notes
        -----
        coord dims in cdms2 are ordered in y, x, but ESMF expects x, y, hence the
        dimensions are reversed here.
        """
        # allocate space for coordinates, can only add coordinates once
        for i in range(self.ndims):
            ptr = self.grid.get_coords(coord_dim=i, staggerloc=staggerloc)
            if globalIndexing:
                slab = self.getLocalSlab(staggerloc)[::-1]
                # Populate self.grid with coordinates or the bounds as needed
                ptr[:] = numpy.array(coords[self.ndims - i - 1]).T[slab]
            else:
                ptr[:] = numpy.array(coords[self.ndims - i - 1]).T[:]


[docs]    def getCoords(self, dim, staggerloc):
        """
        Return the coordinates for a dimension

        Parameters
        ----------
        dim : desired dimension (zero based indexing)

        staggerloc : Stagger location
        """
        gridPtr = self.grid.get_coords(coord_dim=dim, staggerloc=staggerloc)
        shp = self.getCoordShape(staggerloc)[::-1]
        return numpy.reshape(gridPtr, shp).T


[docs]    def setCellAreas(self, areas):
        """
        Set the cell areas

        Parameters
        ----------
        areas : numpy array

        """
        self.grid.add_item(item=ESMF.GridItem.Area)
        areaPtr = self.grid.get_item(
            item=ESMF.GridItem.AREA,
            staggerloc=self.staggerloc)
        areaPtr[:] = areas.T.flat
        self.cellAreasSet = True


[docs]    def getCellAreas(self):
        """
        Get Cell Areas

        Returns
        -------
        cell areas or None if setCellAreas was not called
        """
        if self.cellAreasSet:
            areaPtr = self.grid.get_item(
                item=ESMF.GridItem.AREA,
                staggerloc=self.staggerloc)
            return numpy.reshape(areaPtr, self.shape).T
        else:
            return None


[docs]    def getMask(self, staggerloc=CENTER):
        """
        Get mask array. In ESMF, the mask is applied to cells.

        Returns
        -------
        mask numpy array 1 is invalid by default

        Note
        ----
        This array exists on all procs
        """
        try:
            maskPtr = self.grid.get_item(
                item=ESMF.GridItem.MASK, staggerloc=staggerloc)
        except BaseException:
            maskPtr = None
        return maskPtr.T


[docs]    def setMask(self, mask, staggerloc=CENTER):
        """
        Set mask array. In ESMF, the mask is applied to cells.

        Returns
        -------
        mask numpy array 1 is invalid by default


        Notes
        -----
        This array exists on all procs


        """
        self.grid.add_item(item=ESMF.GridItem.MASK, staggerloc=staggerloc)
        maskPtr = self.grid.get_item(
            item=ESMF.GridItem.MASK,
            staggerloc=staggerloc)
        slab = self.getLocalSlab(CENTER)[::-1]
        maskPtr[:] = mask.T[slab]


    def __del__(self):
        self.grid.destroy()


##########################################################################


[docs]class EsmfStructField:
    """
    Structured field.

    Creator for structured ESMF Field

    Parameters
    ----------

             esmfGrid
                 instance of an ESMF

             name field
                  name (must be unique)

             datatype
                  data type, one of 'float64', 'float32', 'int64', or 'int32'
                  (or equivalent numpy dtype)

             staggerloc
                  ESMF.StaggerLoc.CENTER
                  ESMF.StaggerLoc.CORNER
    """

[docs]    def __init__(self, esmfGrid, name, datatype, staggerloc=CENTER):
        """

        """
        # field object
        self.field = None
        # the local processor rank
        self.pe = 0
        # the number of processors
        self.nprocs = 1
        # associated grid
        self.grid = esmfGrid
        # staggering
        self.staggerloc = staggerloc
        # communicator
        self.comm = None

        try:
            from mpi4py import MPI
            self.comm = MPI.COMM_WORLD
        except BaseException:
            pass

        etype = None
        sdatatype = str(datatype)  # in case user passes a numpy dtype
        if re.search('float64', sdatatype):
            etype = R8
        elif re.search('float32', sdatatype):
            etype = R4
        elif re.search('int64', sdatatype):
            etype = I8
        elif re.search('int32', sdatatype):
            etype = I4
        else:
            msg = 'esmf.EsmfStructField.__init__: ERROR invalid type %s' % datatype
            raise RegridError(msg)

        self.field = ESMF.Field(
            grid=esmfGrid.grid,
            name=name,
            typekind=etype,
            staggerloc=staggerloc)
        vm = ESMF.ESMP_VMGetGlobal()
        self.pe, self.nprocs = ESMF.ESMP_VMGet(vm)


[docs]    def getPointer(self):
        """
        Get field data as a flat array

        Returns
        -------
        flat array pointer.
        """
        return numpy.ravel(self.field.data)


[docs]    def getData(self, rootPe):
        """
        Get field data as a numpy array

        Parameters
        ----------
        rootPe : if None then local data will be fetched, otherwise gather the
                 data on processor "rootPe" (all other procs will return None).

        Returns
        -------
        numpy array or None.

        """
        ptr = self.getPointer()
        if rootPe is None:
            shp = self.grid.getCoordShape(staggerloc=self.staggerloc)[::-1]
            # local data, copy
            return numpy.reshape(ptr, shp).T
        else:
            # gather the data on rootPe
            lo, hi = self.grid.getLoHiBounds(self.staggerloc)
            los = [lo]
            his = [hi]
            ptrs = [ptr]
            ptr = numpy.reshape(ptr, hi)
            if self.comm is not None:
                los = self.comm.gather(lo)  # Local
                his = self.comm.gather(hi)  # Local
                ptrs = self.comm.gather(ptr, root=rootPe)

            if self.pe == rootPe:    # Local
                # reassemble, find the largest hi indices to set
                # the shape of the data container
                bigHi = [0 for i in range(self.grid.ndims)]
                for i in range(self.grid.ndims):
                    bigHi[i] = reduce(lambda x, y: max(x, y),
                                      [his[p][i] for p in range(self.nprocs)])
                # allocate space to retrieve the data
                bigData = numpy.empty(bigHi, ptr.dtype)
                bigData[:] = 0.0

            # populate the data
                for p in range(self.nprocs):
                    slab = tuple([slice(los[p][i], his[p][i], None) for
                                  i in range(self.grid.ndims)])
                    # copy
                    bigData[slab].flat = ptrs[p]
                return bigData.T         # Local

        # rootPe is not None and self.pe != rootPe
        return None


[docs]    def setLocalData(self, data, staggerloc, globalIndexing=False):
        """
        Set local field data

        Parameters
        ----------
        data : full numpy array, this method will take care of setting
               a the subset of the data that reside on the local processor

        staggerloc : stagger location of the data

        globalIndexing : if True array was allocated over global index space, array
                         was allocated over local index space (on this processor)
        """
        ptr = self.field.data
        if globalIndexing:
            slab = self.grid.getLocalSlab(staggerloc)[::-1]
            ptr[:] = data.T[slab]
        else:
            ptr[:] = data.T




##########################################################################

[docs]class EsmfRegrid:
    """
    Regrid source grid data to destination grid data

    Constuct regrid object

    Parameters
    ----------
    srcField :
        the source field object of type EsmfStructFields
    dstField :
        the destination field object of type EsmfStructField
    srcMaskValues :
        Value of masked cells in source
    dstMaskValues :
        Value of masked cells in destination
    srcFrac :
        Cell fractions on source grid (type EsmfStructField
    dstFrac :
        Cell fractions on destination grid (type EsmfStructField)
    regridMethod :
        ESMF.RegridMethod.{BILINEAR,CONSERVE,PATCH}
    unMappedAction :
        ESMF.UnmappedAction.{IGNORE,ERROR}
    ignoreDegenerate :
        Ignore degenerate cells when checking inputs
    """

[docs]    def __init__(self, srcField, dstField,
                 srcFrac=None,
                 dstFrac=None,
                 srcMaskValues=None,
                 dstMaskValues=None,
                 regridMethod=BILINEAR,
                 ignoreDegenerate=False,
                 unMappedAction=IGNORE):
        """

        """
        self.srcField = srcField
        self.dstField = dstField
        self.regridMethod = regridMethod
        self.srcAreaField = None
        self.dstAreaField = None
        self.srcFracField = srcFrac
        self.dstFracField = dstFrac
        self.regridHandle = None
        self.ignoreDegenerate = ignoreDegenerate

        timeStamp = re.sub('\.', '', str(time.time()))

        # create and initialize the cell areas to zero
        if regridMethod == CONSERVE:
            self.srcAreaField = EsmfStructField(self.srcField.grid,
                                                name='src_areas_%s' % timeStamp,
                                                datatype='float64',
                                                staggerloc=CENTER)
            dataPtr = self.srcAreaField.getPointer()
            dataPtr[:] = 0.0
            self.dstAreaField = EsmfStructField(self.dstField.grid,
                                                name='dst_areas_%s' % timeStamp,
                                                datatype='float64',
                                                staggerloc=CENTER)
            dataPtr = self.dstAreaField.getPointer()
            dataPtr[:] = 0.0

        # initialize fractional areas to 1 (unless supplied)
        if srcFrac is None:
            self.srcFracField = EsmfStructField(self.srcField.grid,
                                                name='src_cell_area_fractions_%s' % timeStamp,
                                                datatype='float64',
                                                staggerloc=CENTER)
            dataPtr = self.srcFracField.getPointer()
            dataPtr[:] = 1.0

        if dstFrac is None:
            self.dstFracField = EsmfStructField(self.dstField.grid,
                                                name='dst_cell_area_fractions_%s' % timeStamp,
                                                datatype='float64',
                                                staggerloc=CENTER)
            dataPtr = self.dstFracField.getPointer()
            dataPtr[:] = 1.0

        srcMaskValueArr = None
        if srcMaskValues is not None:
            srcMaskValueArr = numpy.array(srcMaskValues, dtype=numpy.int32)

        dstMaskValueArr = None
        if dstMaskValues is not None:
            dstMaskValueArr = numpy.array(dstMaskValues, dtype=numpy.int32)

        self.regridHandle = ESMF.Regrid(
            srcField.field,
            dstField.field,
            src_frac_field=self.srcFracField.field,
            dst_frac_field=self.dstFracField.field,
            src_mask_values=srcMaskValueArr,
            dst_mask_values=dstMaskValueArr,
            regrid_method=regridMethod,
            unmapped_action=unMappedAction,
            ignore_degenerate=self.ignoreDegenerate)


[docs]    def getSrcAreas(self, rootPe):
        """
        Get the src grid areas as used by conservative interpolation

        Parameters
        ----------
        rootPe : None is local areas are returned, otherwise provide rootPe and
                 the data will be gathered


        Returns
        -------
        numpy array or None if interpolation is not conservative
        """
        if self.srcAreaField is not None:
            return self.srcAreaField.data.T
        return None


[docs]    def getDstAreas(self, rootPe):
        """
        Get the dst grid areas as used by conservative interpolation

        Parameters
        ----------
        rootPe : None is local areas are returned, otherwise provide rootPe and the data will be gathered


        Returns
        -------
            numpy array or None if interpolation is not conservative
        """
        if self.srcAreaField is not None:
            return self.dstAreaField.data.T
        return None


[docs]    def getSrcAreaFractions(self, rootPe):
        """
        Get the source grid fraction areas as used by conservative interpolation

        Parameters
        ----------
        rootPe : None is local areas are returned, otherwise provide rootPe and the data will be gathered


        Returns
        -------
        numpy array
        """
        if self.srcFracField is not None:
            #            self.srcFracField.get_area()
            return self.srcFracField.data.T
        return None


[docs]    def getDstAreaFractions(self, rootPe):
        """
        Get the destination grid fraction areas as used by conservative interpolation

        Parameters
        ----------
        rootPe : None is local areas are returned, otherwise provide rootPe and the data will be gathered


        Returns
        -------
        numpy array
        """
        if self.dstFracField is not None:
            #            self.dstFracField.get_area()
            return self.dstFracField.data.T
        return None


[docs]    def __call__(self, srcField=None, dstField=None, zero_region=None):
        """
        Apply interpolation weights

        Parameters
        ----------

        srcField : source field (or None if src field passed to constructor is to be used)

        dstField : destination field (or None if dst field passed to constructor is to be used)

        zero_region : specify which region of the field indices will be zeroed (or None default
                      to TOTAL Region)
        """
        if srcField is None:
            srcField = self.srcField
        if dstField is None:
            dstField = self.dstField

        # default is keep the masked values intact
        zeroregion = ESMF.Region.SELECT
        if self.regridMethod == CONSERVE:
            zeroregion = None  # will initalize to zero

        self.regridHandle(
            srcfield=srcField.field,
            dstfield=dstField.field,
            zero_region=zeroregion)


    def __del__(self):
        if self.regridHandle is not None:
            self.regridHandle.destroy()
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  Source code for regrid2.gsRegrid

# !/usr/bin/env python
# Alex Pletzer and Dave Kindig, Tech-X (2011)
# This code is provided with the hope that it will be useful.
# No guarantee is provided whatsoever. Use at your own risk.
"""
Regridding of curvilinear structured grids

"""
# standard python includes
# from re import search, sub
from ctypes import c_double, c_float, c_int, \
    c_wchar_p, CDLL, byref, POINTER
# import ctypes
import operator
import sys
import os
import copy
import numpy
import warnings
from regrid2 import RegridError
from functools import reduce
import fnmatch

C_DOUBLE_P = POINTER(c_double)

# libcf
try:
    from pycf import libCFConfig, __path__
except BaseException:
    raise ImportError('Error: could not import pycf')

LIBCFDIR = __path__[0] + "/pylibcf"

__FILE__ = sys._getframe().f_code.co_filename


[docs]def catchError(status, lineno):
    if status != 0:
        raise RegridError("ERROR in %s: status = %d at line %d"
                          % (__FILE__, status, lineno))



[docs]def getTensorProduct(axis, dim, dims):
    """
    Convert an axis into a curvilinear coordinate by applying
    a tensor product

    Parameters
    ----------

       axis
          1D array of coordinates

       dim
          dimensional index of the above coordinate

       dims
          sizes of all coordinates

    Returns
    -------

       coordinate values obtained by tensor product
    """
    return numpy.outer(numpy.outer(numpy.ones(dims[:dim], axis.dtype), axis),
                       numpy.ones(dims[dim + 1:], axis.dtype)).reshape(dims)



[docs]def makeCurvilinear(coords):
    """
    Turn a mixture of axes and curvilinear coordinates into
    full curvilinear coordinates

    Parameters
    ----------

       coords
          list of coordinates
       _: None

    Returns
    -------

       new list of coordinates and associated dimensions
    """
    rank = len(coords)

    count1DAxes = 0
    dims = []
    for i in range(rank):
        coord = coords[i]
        if len(coord.shape) == 1:
            # axis
            dims.append(len(coord))
            count1DAxes += 1
        elif len(coord.shape) == rank:
            # fully curvilinear
            dims.append(coord.shape[i])
        else:
            # assumption: all 1D axes preceed curvilinear
            # coordinates!!!
            dims.append(coord.shape[i - count1DAxes])

    for i in range(rank):
        nd = len(coords[i].shape)
        if nd == rank:
            # already in curvilinear form, keep as is
            pass
        elif nd == 1:
            # it's an axis
            coords[i] = getTensorProduct(coords[i][:], i, dims)
        elif rank == 3 and nd == 2 and i > 0:
            # assume leading coordinate is an axis
            o1 = numpy.ones((len(coords[0]),), coords[i].dtype)
            coords[i] = numpy.ma.outer(o1, coords[i]).reshape(dims)
        else:
            raise RegridError("ERROR in %s: funky mixture of axes and curvilinear coords %s"
                              % (__FILE__, str([x.shape for x in coords])))
    return coords, dims



[docs]def makeCoordsCyclic(coords, dims):
    """
    Make coordinates cyclic

    Parameters
    ----------

       coords
          input coordinates

       dims
          input dimensions

    Returns
    -------

       new, extended coordinates such that the longitudes cover the sphere and new dimensions
    """
    # assume lon is the last coordinate!!

    # check if already extended
    eps = 1.e-3

    # some models already overlap
    diff1 = abs(coords[-1][..., -2] - coords[-1][..., 0])
    diff2 = abs(coords[-1][..., -2] - coords[-1][..., 0] - 360.0)
    diff3 = abs(coords[-1][..., -2] - coords[-1][..., 0] + 360.0)
    adiff = numpy.sum(numpy.minimum(diff1, numpy.minimum(diff2, diff3))) \
        / float(dims[-1])
    if adiff < eps:
        # cyclic, return input coordinates unchanged
        return coords, dims

    # some models are already periodic
    diff1 = abs(coords[-1][..., -1] - coords[-1][..., 0])
    diff2 = abs(coords[-1][..., -1] - coords[-1][..., 0] - 360.0)
    diff3 = abs(coords[-1][..., -1] - coords[-1][..., 0] + 360.0)
    adiff = numpy.sum(numpy.minimum(diff1, numpy.minimum(diff2, diff3))) \
        / float(dims[-1])
    if adiff < eps:
        # cyclic, return input coordinates unchanged
        return coords, dims

    # make cyclic by appending a column to the coordinates
    newCoords = []
    newDims = list(copy.copy(dims))
    newDims[-1] += 1  # append to the right
    for i in range(len(coords)):
        newCoords.append(numpy.zeros(newDims, coords[i].dtype))
        newCoords[i][..., 0:-1] = coords[i][...]
        newCoords[i][..., -1] = coords[i][..., 0]

    # add modulo term, want deltas ~ order of dlon otherwise add
    # or subtract a periodicity length
    nlon = dims[-1]
    dlon = 360.0 / float(nlon)  # average resolution
    tol = 360.0 - min(5, nlon) * dlon
    mask1 = (newCoords[-1][..., -1] - newCoords[-1][..., -2] < -tol)
    mask2 = (newCoords[-1][..., -1] - newCoords[-1][..., -2] > +tol)
    newCoords[-1][..., -1] += 360.0 * mask1
    newCoords[-1][..., -1] -= 360.0 * mask2

    return newCoords, newDims



[docs]def checkForCoordCut(coords, dims):
    """
    Look for a cut in a coordinate system (e.g. tri-polar grid)
    Assume latitude is next to last coordinate and longitude is last coordinate!!!

    Parameters
    ----------

       coords
          input coordinates

       dims
          input dimensions

    Returns
    -------

       True for cut found
       False for no cut
    """

    # Assume latitude is next to last coordinate and longitude is last
    # coordinate!!!

    rank = len(dims)
    if rank < 2:
        # print 'no cut: dims < 2'
        return False
    if len(coords[-2].shape) < 2:
        # Is the 'lat' coordinate an axis?
        return False

    nlat, nlon = dims[-2], dims[-1]
    lat = coords[-2]
    eps = 1.e-7

    # Check to see if the top row has already be dealt with by the modeling
    # agency. Last row is repeated in reverse.

    topRow = coords[-2][..., nlat - 1, :]
    revTop = coords[-2][..., nlat - 1, ::-1]
    nextRow = coords[-2][..., nlat - 2, :]  # Reverse nextRow
    diffs = abs(revTop - nextRow)

    # If already accounted for all diffs are 0.
    if numpy.all(diffs < eps):
        # print "no cut: reversed"
        return False

    # Lon of max latitude -- Looking for a rotated pole
    maxLats = numpy.where(abs(lat - numpy.max(lat)) < eps)
    inTopRow = False
    if len(maxLats[0] > 0):
        inTopRow = numpy.all(maxLats[-2] == nlat - 1)
    if not inTopRow:
        # The max lats are not in the top row. The cut may already be handled
        # print 'no cut: max lat not in top row.' + \
        #         'Either: it is a funky grid or rotated pole'
        return False

    # Only in top row.
    maxLatInd = lat[..., nlat - 1, :].argmax()
    maxLonInd = lat[..., maxLatInd].argmax()
    rowOfMaxLat = lat[..., maxLonInd, :]
    diffs = rowOfMaxLat - topRow

    if diffs.max() != 0:
        # Rotated Pole
        # print "no cut: rotated pole"
        return False

    # Find locale minima.
    # A rotated pole grid has only one minimum. A tripolar grid should
    # have two, though they may not be at the same latitude

    minInds = numpy.where(abs(topRow - topRow.min()) < eps)
    if len(minInds[0]) > 2:
        # Account for the end points matching
        # Multiple minima in the top row
        return True

    # Now if we have an offset tri-pole. The extra poles are not at the same
    # latitude
    minCount = 0
    firstInd = topRow.argmin()
    diffs = numpy.diff(topRow)
    if firstInd == 0:
        if revTop.argmin() == 0:
            if topRow[firstInd] == revTop[0]:
                minCount += 1
    else:
        minCount += 1
        # Look for next Minima
    index = firstInd + 1
    while diffs[index] > 0:
        index += 1
        if index == nlon:
            break
    nextIndex = topRow[index + 1:].argmin() + index + 1
    if nextIndex != index + 1 and nextIndex != nlon - 1:
        minCount += 1
    if minCount == 1:
        # print "no cut: one pole"
        return False

    return True



[docs]def handleCoordsCut(coords, dims, bounds):
    """
    Generate connectivity across a cut. e.g. from a tri-polar grid.
    Assume latitude is next to last coordinate and longitude is last coordinate!!!

    Parameters
    ----------

       coords
          input coordinates list of rank

       dims
          input dimensions

       bounds
          boundaries for each coordinate

    Returns
    -------

        extended coordinates such that there is an extra row containing connectivity information across the cut
    """

    # Assume latitude is next to last coordinate and longitude is
    # last coordinate!!!

    dims = coords[-2].shape

    # Add row to top with connectivity information. This means rearranging
    # the top row
    def getIndices(array, nlon, newI):
        """
        Find indices where a cell edge matches for two cells

        Parameters
        ----------

            array
               Array of booleans

            nlon
               number of longitudes

            newI
               index row with connectivity to be updated

        Returns
        -------

            new coordinates, new dimensions, index row
        """
        for i in range(len(array)):
            # An edge
            if len(numpy.where(array[i, :] == True)[0]) >= 2:  # noqa
                if newI[i] < 0:
                    newI[i] = (nlon - 1) - i
                if newI[(nlon - 1) - i] < 0:
                    newI[(nlon - 1) - i] = i

            # Assume mkCyclic == True
            newI = numpy.arange(nlon - 1, -1, -1) - 1
            newI[nlon - 1] = 0  # Complete the rotation

            # Build new coordinate array and adjust dims
            newCoords = []
            newDims = list(copy.copy(dims))
            newDims[-2] += 1

            for i in range(len(coords)):
                newCoords.append(numpy.zeros(newDims, coords[i].dtype))
                newCoords[i][..., 0:dims[-2], :] = coords[i][...]
                newCoords[i][..., dims[-2],
                             :] = coords[i][..., dims[-2] - 1, newI]

            return newCoords, newDims, newI



[docs]class Regrid:

    """
    Constructor

    Parameters
    ----------
    src_grid
        source grid, a list of [x, y, ...] coordinates or a cdms2.grid.Transient
    dst_grid
        destination grid, a list of [x, y, ...] coordinate
    src_bounds
        list of cell bounding coordinates (to be used when handling a cut in coordinates)
    mkCyclic
        Add a column to the right side of the grid to complete a cyclic grid
    handleCut
        Add a row to the top of grid to handle a cut for grids such as the tri-polar
        grid verbose print diagnostic messages

       Note
       ----
       the grid coordinates can either be axes (rectilinear grid) or n-dimensional
       for curvilinear grids. Rectilinear grids will be converted to curvilinear grids.
    """

    def __init__(self, src_grid, dst_grid, src_bounds=None, mkCyclic=False,
                 handleCut=False, verbose=False):
        """
        Constructor


        """
        self.regridid = c_int(-1)
        self.src_gridid = c_int(-1)
        self.dst_gridid = c_int(-1)
        self.rank = 0
        self.src_dims = []
        self.dst_dims = []
        self.src_coords = []
        self.dst_coords = []
        self.lib = None
        self.extendedGrid = False
        self.handleCut = False
        self.dst_Index = []
        self.verbose = verbose
        self.weightsComputed = False
        self.maskSet = False

        # Open the shaped library
        dynLibFound = False
        for sosuffix in '.dylib', '.dll', '.DLL', '.so', '.a':
            if os.path.exists(LIBCFDIR + sosuffix):
                dynLibFound = True
        CFfile = self.find('pylibcf.*', __path__[0])
        if os.path.exists(CFfile):
            try:
                self.lib = CDLL(CFfile)
            except BaseException:
                pass
#        for sosuffix in '.dylib', '.dll', '.DLL', '.so', '.a':
#            if os.path.exists(LIBCFDIR + sosuffix):
#                dynLibFound = True
#                try:
#                    self.lib = CDLL(LIBCFDIR + sosuffix)
#                    break
#                except:
#                    pass
        if self.lib is None:
            if not dynLibFound:
                raise RegridError("ERROR in %s: could not find shared library %s.{so,dylib,dll,DLL}"
                                  % (__FILE__, LIBCFDIR))
            raise RegridError("ERROR in %s: could not open shared library %s.{so,dylib,dll,DLL}"
                              % (__FILE__, LIBCFDIR))

        # Number of space dimensions
        self.rank = len(src_grid)

        if len(dst_grid) != self.rank:
            raise RegridError("ERROR in %s: len(dst_grid) = %d != %d"
                              % (__FILE__, len(dst_grid), self.rank))

        if self.rank <= 0:
            raise RegridError("ERROR in %s: must have at least one dimension, rank = %d"
                              % (__FILE__, self.rank))

        # Convert src_grid/dst_grid to curvilinear grid, if need be
        if self.rank > 1:
            src_grid, src_dims = makeCurvilinear(src_grid)
            dst_grid, dst_dims = makeCurvilinear(dst_grid)

        # Make sure coordinates wrap around if mkCyclic is True
        if mkCyclic:
            src_gridNew, src_dimsNew = makeCoordsCyclic(src_grid, src_dims)
            if self.verbose:
                aa, bb = str(src_dims), str(src_dimsNew)
                print(('...  src_dims = %s, after making cyclic src_dimsNew = %s'
                       % (aa, bb)))
                for i in range(self.rank):
                    print(('...... src_gridNew[%d].shape = %s'
                           % (i, str(src_gridNew[i].shape))))
            # flag indicating that the grid was extended
            if reduce(lambda x, y: x + y,
                      [src_dimsNew[i] - src_dims[i]
                       for i in range(self.rank)]) > 0:
                self.extendedGrid = True
            # reset
            src_grid = src_gridNew
            src_dims = src_dimsNew

        # Handle a cut in the coordinate system. Run after mkCyclic.
        # e.g. a tri-polar grid
        if handleCut and src_bounds is not None:
            # Test for the presence of a cut.
            isCut = checkForCoordCut(src_grid, src_dims)
            if isCut:
                # No cut
                src_gridNew, src_dimsNew, dst_Index = handleCoordsCut(src_grid,
                                                                      src_dims, src_bounds)
                if dst_Index is not None:
                    self.handleCut = True
                    self.extendedGrid = self.extendedGrid
                else:
                    self.handleCut = False
                    self.extendedGrid = self.extendedGrid
                if self.verbose:
                    aa, bb = str(src_dims), str(src_dimsNew)
                    print(('...  src_dims = %s, after making cyclic src_dimsNew = %s'
                           % (aa, bb)))
                src_grid = src_gridNew
                src_dims = src_dimsNew
                self.dst_Index = dst_Index

        self.src_dims = (c_int * self.rank)()
        self.dst_dims = (c_int * self.rank)()

        # Build coordinate objects
        src_dimnames = (c_wchar_p * self.rank)()
        dst_dimnames = (c_wchar_p * self.rank)()
        for i in range(self.rank):
            src_dimnames[i] = 'src_n%d' % i
            dst_dimnames[i] = 'dst_n%d' % i
            self.src_dims[i] = src_dims[i]
            self.dst_dims[i] = dst_dims[i]
        self.src_coordids = (c_int * self.rank)()
        self.dst_coordids = (c_int * self.rank)()
        save = 0
        standard_name = ""
        units = ""
        coordid = c_int(-1)
        for i in range(self.rank):
            data = numpy.array(src_grid[i], numpy.float64)
            self.src_coords.append(data)
            dataPtr = data.ctypes.data_as(C_DOUBLE_P)
            name = "src_coord%d" % i
            # assume [lev,] lat, lon ordering
            if i == self.rank - 2:
                standard_name = 'latitude'
                units = 'degrees_north'
            elif i == self.rank - 1:
                standard_name = 'longitude'
                units = 'degrees_east'
            status = self.lib.nccf_def_coord(self.rank, self.src_dims,
                                             src_dimnames,
                                             dataPtr, save, name,
                                             standard_name, units,
                                             byref(coordid))
            catchError(status, sys._getframe().f_lineno)
            self.src_coordids[i] = coordid

            data = numpy.array(dst_grid[i], numpy.float64)
            self.dst_coords.append(data)
            dataPtr = data.ctypes.data_as(C_DOUBLE_P)
            name = "dst_coord%d" % i
            status = self.lib.nccf_def_coord(self.rank, self.dst_dims,
                                             dst_dimnames,
                                             dataPtr, save, name,
                                             standard_name, units,
                                             byref(coordid))
            catchError(status, sys._getframe().f_lineno)
            self.dst_coordids[i] = coordid

        # Build grid objects
        status = self.lib.nccf_def_grid(self.src_coordids, "src_grid",
                                        byref(self.src_gridid))
        catchError(status, sys._getframe().f_lineno)

        status = self.lib.nccf_def_grid(self.dst_coordids, "dst_grid",
                                        byref(self.dst_gridid))
        catchError(status, sys._getframe().f_lineno)

        # Create regrid object
        status = self.lib.nccf_def_regrid(self.src_gridid, self.dst_gridid,
                                          byref(self.regridid))
        catchError(status, sys._getframe().f_lineno)

[docs]    def getPeriodicities(self):
        """
        Get the periodicity lengths of the coordinates

        Returns
        -------

           numpy array, values inf indicate no periodicity
        """
        coord_periodicity = numpy.zeros((self.rank,), numpy.float64)
        status = self.lib.nccf_inq_grid_periodicity(self.src_gridid,
                                                    coord_periodicity.ctypes.data_as(C_DOUBLE_P))
        catchError(status, sys._getframe().f_lineno)
        return coord_periodicity


    def __del__(self):
        """
        Destructor, will be called automatically
        """
        status = self.lib.nccf_free_regrid(self.regridid)
        catchError(status, sys._getframe().f_lineno)

        status = self.lib.nccf_free_grid(self.src_gridid)
        catchError(status, sys._getframe().f_lineno)

        status = self.lib.nccf_free_grid(self.dst_gridid)
        catchError(status, sys._getframe().f_lineno)

        for i in range(self.rank):

            status = self.lib.nccf_free_coord(self.src_coordids[i])
            catchError(status, sys._getframe().f_lineno)

            status = self.lib.nccf_free_coord(self.dst_coordids[i])
            catchError(status, sys._getframe().f_lineno)

[docs]    def find(self, pattern, path):
        result = ""
        for root, dirs, files in os.walk(path):
            for name in files:
                if fnmatch.fnmatch(name, pattern):
                    result = os.path.join(root, name)
        return result


[docs]    def setValidMask(self, inMask):
        """
        Set valid mask array for the grid

        Parameters
        ----------

           inMask
              flat numpy array of type numpy.int32 or a valid cdms2 variable with its mask set.
                 0 - invalid, 1 - valid data

            _: None

        Note:  This must be invoked before computing the weights, the mask is a property of the grid (not the data).
        """
        if self.weightsComputed:
            raise RegridError('Must set mask before computing weights')

        mask = numpy.array(inMask, dtype=numpy.int32)

        # extend src data if grid was made cyclic and or had a cut accounted
        # for
        newMask = self._extend(mask)
        c_intmask = newMask.ctypes.data_as(POINTER(c_int))
        status = self.lib.nccf_set_grid_validmask(self.src_gridid,
                                                  c_intmask)
        catchError(status, sys._getframe().f_lineno)
        self.maskSet = True


[docs]    def setMask(self, inDataOrMask):
        """
        Set mask array. The mask is defined for nodes

        Parameters
        ----------

           inDataOrMask
              cdms2 array or flat mask array,
                 0 - valid data
                 1 - invalid data

           _: None

        Note:  this definition is compatible with the numpy masked arrays

        Note:  note see setValidMask for the opposite definition

        Note:  should be called before computing the weights
        """
        mask = None
        if hasattr(inDataOrMask, 'getmask'):
            # cdms2 variable
            mask = inDataOrMask.getmask()
        else:
            # flat mask array
            mask = inDataOrMask
        # reversing the meaning 1 == valid, 0 == invalid
        mask = 1 - numpy.array(inDataOrMask, dtype=numpy.int32)
        # now calling our own mask setter
        self.setValidMask(mask)


[docs]    def computeWeights(self, nitermax=100, tolpos=1.e-2):
        """
        Compute the the interpolation weights

        Parameters
        ----------

           nitermax
              max number of iterations

           tolpos
              max tolerance when locating destination positions in index space
        """
        status = self.lib.nccf_compute_regrid_weights(self.regridid,
                                                      nitermax,
                                                      c_double(tolpos))
        catchError(status, sys._getframe().f_lineno)
        self.weightsComputed = True


[docs]    def apply(self, src_data_in, dst_data, missingValue=None):
        """
        Apply interpolation

        Parameters
        ----------

           src_data
               data on source grid

           dst_data
               data on destination grid

           missingValue
               value that should be set for points falling outside
               the src domain, pass None if these should not be touched.
        """
        if not self.weightsComputed:
            raise RegridError('Weights must be set before applying the regrid')
        # extend src data if grid was made cyclic and or had a cut accounted
        # for
        src_data = self._extend(src_data_in)

        # Check
        if reduce(operator.iand, [src_data.shape[i] == self.src_dims[i]
                                  for i in range(self.rank)]) == False:  # noqa
            raise RegridError(("ERROR in %s: supplied src_data have wrong shape " +
                               "%s != %s") % (__FILE__, str(src_data.shape),
                                              str(tuple([d for d in self.src_dims]))))
        if reduce(operator.iand, [dst_data.shape[i] == self.dst_dims[i]
                                  for i in range(self.rank)]) == False:  # noqa
            raise RegridError(("ERROR in %s: supplied dst_data have wrong shape " +
                               "%s != %s") % (__FILE__, str(dst_data.shape),
                                              str(tuple([d for d in self.dst_dims]))))

        # Create temporary data objects
        src_dataid = c_int(-1)
        dst_dataid = c_int(-1)
        save = 0
        standard_name = ""
        units = ""
        time_dimname = ""

        status = self.lib.nccf_def_data(self.src_gridid, "src_data",
                                        standard_name, units, time_dimname,
                                        byref(src_dataid))
        catchError(status, sys._getframe().f_lineno)

        if src_data.dtype != dst_data.dtype:
            try:  # try recasting
                warnings.warn("mismatch in src and dst data types (%s vs %s) we recasted src to dst"
                              % (src_data.dtype, dst_data.dtype))
                src_data = src_data.astype(dst_data.dtype)
            except BaseException:
                try:
                    warnings.warn("mismatch in src and dst data types (%s vs %s) we recasted dst to src"
                                  % (src_data.dtype, dst_data.dtype))
                    dst_data = dst_data.astype(src_data.dtype)
                except BaseException:
                    raise RegridError("ERROR in %s: mismatch in src and dst data types (%s vs %s)"
                                      % (__FILE__, src_data.dtype, dst_data.dtype))

        # only float64 and float32 data types are supported for interpolation
        if src_data.dtype == numpy.float64:
            fill_value = c_double(libCFConfig.NC_FILL_DOUBLE)
            if missingValue is not None:
                fill_value = c_double(missingValue)
            ptr = src_data.ctypes.data_as(POINTER(c_double))
            status = self.lib.nccf_set_data_double(
                src_dataid, ptr, save, fill_value)
            catchError(status, sys._getframe().f_lineno)
        elif src_data.dtype == numpy.float32:
            fill_value = c_float(libCFConfig.NC_FILL_FLOAT)
            if missingValue is not None:
                fill_value = c_float(missingValue)
            ptr = src_data.ctypes.data_as(POINTER(c_float))
            status = self.lib.nccf_set_data_float(
                src_dataid, ptr, save, fill_value)
            catchError(status, sys._getframe().f_lineno)
        else:
            raise RegridError("ERROR in %s: invalid src_data type %s (neither float nor double)"
                              % (__FILE__, src_data.dtype))

        status = self.lib.nccf_def_data(self.dst_gridid, "dst_data",
                                        standard_name, units, time_dimname,
                                        byref(dst_dataid))
        catchError(status, sys._getframe().f_lineno)
        if dst_data.dtype == numpy.float64:
            fill_value = c_double(libCFConfig.NC_FILL_DOUBLE)
            if missingValue is not None:
                fill_value = c_double(missingValue)
                dst_data[:] = missingValue
            ptr = dst_data.ctypes.data_as(POINTER(c_double))
            status = self.lib.nccf_set_data_double(
                dst_dataid, ptr, save, fill_value)
            catchError(status, sys._getframe().f_lineno)
        elif dst_data.dtype == numpy.float32:
            fill_value = c_float(libCFConfig.NC_FILL_FLOAT)
            if missingValue is not None:
                fill_value = c_float(missingValue)
                dst_data[:] = missingValue
            ptr = dst_data.ctypes.data_as(POINTER(c_float))
            status = self.lib.nccf_set_data_float(
                dst_dataid, ptr, save, fill_value)
            catchError(status, sys._getframe().f_lineno)
        else:
            raise RegridError("ERROR in %s: invalid dst_data type = %s"
                              % (__FILE__, dst_data.dtype))

        # Now apply weights
        status = self.lib.nccf_apply_regrid(
            self.regridid, src_dataid, dst_dataid)
        catchError(status, sys._getframe().f_lineno)

        # Clean up
        status = self.lib.nccf_free_data(src_dataid)
        catchError(status, sys._getframe().f_lineno)
        status = self.lib.nccf_free_data(dst_dataid)
        catchError(status, sys._getframe().f_lineno)

        return dst_data


    def __call__(self, src_data, dst_data, missingValue=None):
        """
        Apply interpolation (synonymous to apply method)

        Parameters
        ----------

            src_data
               data on source grid

            dst_data
               data on destination grid

            missingValue
               value that should be set for points falling outside the src domain,
               pass None if these should not be touched.
        """
        self.apply(src_data, dst_data, missingValue)

[docs]    def getNumValid(self):
        """
        Return the number of valid destination points. Destination points
        falling outside the source domain, more gnerally, points which
        could not be located on the source grid, reduce the number of
        valid points.

        Returns
        -------

             number of points
        """
        res = c_int(-1)
        status = self.lib.nccf_inq_regrid_nvalid(self.regridid,
                                                 byref(res))
        catchError(status, sys._getframe().f_lineno)
        return res.value


[docs]    def getNumDstPoints(self):
        """
        Return the number of points on the destination grid

        Returns
        -------

             number of points
        """
        res = c_int(-1)
        status = self.lib.nccf_inq_regrid_ntargets(self.regridid,
                                                   byref(res))
        catchError(status, sys._getframe().f_lineno)
        return res.value


[docs]    def getSrcGrid(self):
        """
        Return the source grid

        Returns
        -------

             grid
        """
        return self.src_coords


[docs]    def getDstGrid(self):
        """
        Return the destination grid

        Returns
        -------

             grid
        """
        return self.dst_coords


[docs]    def getIndicesAndWeights(self, dst_indices):
        """
        Get the indices and weights for a single target location

        Parameters
        ----------

           dst_indices
               index set on the target grid

           _: None

        Returns
        -------

           [index sets on original grid, weights]
        """
        dinds = numpy.array(dst_indices)
        sinds = (c_int * 2**self.rank)()
        weights = numpy.zeros((2**self.rank,), numpy.float64)
        status = self.lib.nccf_inq_regrid_weights(self.regridid,
                                                  dinds.ctypes.data_as(
                                                      POINTER(c_double)),
                                                  sinds,
                                                  weights.ctypes.data_as(POINTER(c_double)))
        catchError(status, sys._getframe().f_lineno)
        # convert the flat indices to index sets
        ori_inds = []
        for i in range(2**self.rank):
            inx = numpy.zeros((self.rank,), numpy.int32)
            self.lib.nccf_get_multi_index(self.rank, self.src_dims,
                                          sinds[i],
                                          inx.ctypes.data_as(POINTER(c_int)))
            ori_inds.append(inx)

        return ori_inds, weights


    def _extend(self, src_data):
        """
        Extend the data by padding a column and a row, depending on whether the
        grid was made cyclic and a fold was added or not

        Parameters
        ----------
        src_data :
            input source data

        Returns
        -------
            extended source data (or source input data of no padding was applied)
        """

        # nlatX, nlonX = self.src_dims[-2], self.src_dims[-1]
        # original dimensions, before extension
        # assuming ..., lat, lon ordering
        nlat, nlon = src_data.shape[-2:]

        # no cut and no cyclic extension
        src_dataNew = src_data

        if self.handleCut or self.extendedGrid:
            # copy data into new, extended container
            src_dataNew = numpy.zeros(self.src_dims, src_data.dtype)
            # start filling in...
            src_dataNew[..., :nlat, :nlon] = src_data[...]

        if self.handleCut:
            # fill in polar cut (e.g. tripolar cut), top row
            # self.dst_Index[i] knows how to fold
            for i in range(nlon):
                src_dataNew[..., -1, i] = src_data[..., -2, self.dst_Index[i]]

        if self.extendedGrid:
            # make data periodic in longitudes
            src_dataNew[..., -1] = src_dataNew[..., 0]

        return src_dataNew

    def _findIndices(self, targetPos, nitermax, tolpos,
                     dindicesGuess):
        """
        Find the floating point indices

        Parameters
        ----------

           targetPos
               numpy array of target positions

           nitermax
               max number of iterations

           tolpos
               max toelrance in positions

           dindicesGuess
               guess for the floating point indices

        Returns
        -------

             indices, number of iterations, achieved tolerance
        """
        posPtr = targetPos.ctypes.data_as(POINTER(c_double))
        adjustFunc = None
        hit_bounds = numpy.zeros((self.rank),
                                 dtype=int).ctypes.data_as(POINTER(c_int))
        # no periodicity
        coord_periodicity = float(
            'inf') * numpy.ones((self.rank), targetPos.dtype)
        coord_periodicity_ptr = coord_periodicity.ctypes.data_as(
            POINTER(c_double))
        res = copy.copy(dindicesGuess)
        resPtr = res.ctypes.data_as(POINTER(c_double))
        src_coords = (POINTER(c_double) * self.rank)()
        niter = c_int(nitermax)
        tol = c_double(tolpos)
        for i in range(self.rank):
            ptr = self.src_coords[i].ctypes.data_as(POINTER(c_double))
            src_coords[i] = ptr
        status = self.lib.nccf_find_indices_double(self.rank,
                                                   self.src_dims,
                                                   src_coords,
                                                   coord_periodicity_ptr,
                                                   posPtr,
                                                   byref(niter),
                                                   byref(tol),
                                                   adjustFunc,
                                                   resPtr,
                                                   hit_bounds)
        catchError(status, sys._getframe().f_lineno)
        return resPtr.contents.value, niter.value, tol.value


######################################################################


[docs]def testMakeCyclic():

    y = numpy.array([-90.0 + i * 30.0 for i in range(7)])
    x = numpy.array([(i + 0.5) * 60.0 for i in range(6)])
    yy = getTensorProduct(y, 0, [len(y), len(x)])
    xx = getTensorProduct(x, 1, [len(y), len(x)])
    coords = [yy, xx]
    dims = [len(y), len(x)]
    newCoords, newDims = makeCoordsCyclic(coords, dims)

#    print 'cyclic lats'
#    print newCoords[0]
#    print 'cyclic lons'
#    print newCoords[1]


[docs]def testHandleCut():

    import cdms2
    # Need tripolar grid
    filename = "data/so_Omon_GFDL-ESM2M_1pctCO2_r1i1p2_000101-000512_2timesteps.nc"
    f = cdms2.open(filename)
    if not f:
        return

    # so = f.variables['so'][0, 0, :, :]
    if 'lon' in list(f.variables.keys()):
        alllat = f.variables['lat']
        alllon = f.variables['lon']
    else:
        alllat = f.getAxis("lat").getData()
        alllon = f.getAxis("lon").getData()

    bounds = [f.variables['bounds_lon'][:].data,
              f.variables['bounds_lat'][:].data]
    coords = [alllat[:].data, alllon[:].data]
    dims = alllat.shape
    newCoords, newDims = makeCoordsCyclic(coords, dims)
    newCoords, newDims = handleCoordsCut(newCoords, newDims, bounds)



# def testOuterProduct():

    # 2d
    # x = numpy.array([1, 2, 3, 4])
    # y = numpy.array([10, 20, 30])
    # xx = getTensorProduct(x, 0, [len(x), len(y)])
    # yy = getTensorProduct(y, 1, [len(x), len(y)])

    # z = numpy.array([100, 200])
    # Mixed coordinates and axes
    # aa = makeCurvilinear([z, yy, xx])
    # for g in aa:
    #     print g

[docs]def test():
    def func1(coords):
        return coords[0] * coords[1] + coords[2]

    def func2(coords):
        return coords[0] * coords[1]

    # source grid, tensor product of axes
    src_x = numpy.array([1, 2, 3, 4, 5, 6])
    src_y = numpy.array([10, 20, 30, 40, 50])
    src_z = numpy.array([100, 200])

    # destination grid, product of axes
    dst_x = numpy.array([1.5, 2.0, 2.5, 3.5, 4.5, 5.5, 6.5, 7.5])
    dst_y = numpy.array([15., 20., 25., 30., 40.])
    dst_z = numpy.array([120.0, 180.0, 240.])

    # regridding constructor
    rg = Regrid([src_x, src_y, src_z],
                [dst_x, dst_y, dst_z])
#    rg = Regrid([src_x, src_y],
#                [dst_x, dst_y])

    # initialIndexGuess = numpy.array([0.0, 0.0, 0.0])
    # indices = rg._findIndices(numpy.array([1.5, 18.0, 140.0]),
    #                           20, 1.e-2, initialIndexGuess)
    maxNumIters = 20
    posTol = 1.e-3
    rg.computeWeights(maxNumIters, posTol)

    # number of valid points (some destination points may fall
    # outside the domain)
    nvalid = rg.getNumValid()

    # number of destination points
    ndstpts = rg.getNumDstPoints()
    print(('nvalid = ', nvalid, ' ndstpts = ', ndstpts))

    # get the indices and weights for a single target location
    dst_indices = [4, 2, 1]
    inds, weights = rg.getIndicesAndWeights(dst_indices)
    print(('indices and weights are: ', inds, weights))

    # data
    src_coords = rg.getSrcGrid()
    dst_coords = rg.getDstGrid()
    # print 'src_coords = ', src_coords
    # print 'dst_coords = ', dst_coords
    src_data = numpy.array(func1(src_coords), numpy.float32)
    dst_data = -numpy.ones(dst_coords[0].shape, numpy.float32)

    # regrid
    rg(src_data, dst_data)
    print(('after interp: dst_data = ', dst_data))

    # check
    error = numpy.sum(abs(dst_data - func1(dst_coords)))
    # print dst_data
    # print func(dst_coords)
    print(('error = ', error))



[docs]def testMasking():
    import numpy.ma as ma

    def func1(coords):
        return coords[0] * coords[1]

    def func2(coords):
        return coords[0] * coords[1]

    # source grid, tensor product of axes
    src_x = ma.masked_array([1, 2, 3, 4, 5, 6], mask=[0, 0, 1, 0, 0, 0])
    src_y = ma.masked_array([10, 20, 30, 40, 50], mask=[0, 0, 0, 1, 0])

    # destination grid, product of axes
    dst_x = numpy.array([0.5, 1, 1.5, 2.0, 2.5, 3.5,
                         4.5, 5.5, 6.5, 7.5, 8.5, 9.5])
    dst_y = numpy.array([15., 20., 25., 30., 35., 40., 45., 50., 55])

    # regridding constructor
    rg = Regrid([src_x, src_y],
                [dst_x, dst_y])

    # initialIndexGuess = numpy.array([0.0, 0.0, 0.0])
    # indices = rg._findIndices(numpy.array([1.5, 18.0, 140.0]),
    #                           20, 1.e-2, initialIndexGuess)
    # Mask needs to be set before weights are computed
    mask = rg.getSrcGrid()[0] == 3
    mask[:, 3] = True
    rg.setValidMask(mask)
    rg.setMask(mask)
    maxNumIters = 20
    posTol = 1.e-2
    rg.computeWeights(maxNumIters, posTol)

    # number of valid points (some destination points may fall
    # outside the domain)
    nvalid = rg.getNumValid()

    # number of destination points
    ndstpts = rg.getNumDstPoints()
    print(('nvalid = ', nvalid, ' ndstpts = ', ndstpts))

    # get the indices and weights for a single target location
    dst_indices = [4, 2, 1]
    inds, weights = rg.getIndicesAndWeights(dst_indices)
    print(('indices and weights are: ', inds, weights))

    # data
    src_coords = rg.getSrcGrid()
    dst_coords = rg.getDstGrid()
    # print 'src_coords = ', src_coords
    # print 'dst_coords = ', dst_coords
    src_data = numpy.array(func1(src_coords), numpy.float32)
    dst_data = -numpy.ones(dst_coords[0].shape, numpy.float32)

    # regrid
    rg(src_data, dst_data)
    print(('after interp: dst_data =\n', dst_data))

    # check
    error = numpy.sum(abs(dst_data - func1(dst_coords)))
    # print dst_data
    # print func(dst_coords)
    print(('error = ', error))



if __name__ == '__main__':
    # testOuterProduct()
    test()
    testMasking()
    # testMakeCyclic()
    # testHandleCut()
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  Source code for regrid2.horizontal

# Automatically adapted for numpy.oldnumeric Aug 02, 2007 by

import numpy
import copy
# from . import _regrid
import regrid2._regrid as _regrid
from .error import RegridError
import warnings
import cdms2

_debug = 0                              # Set to 1 for debug

# Map (n,2) boundary arrays to individual boundary arrays. Returns
# (lowerBounds, upperBounds)


[docs]def extractBounds(bounds):
    if bounds[0, 0] < bounds[0, 1]:
        lower = bounds[:, 0]
        upper = bounds[:, 1]
    else:
        lower = bounds[:, 1]
        upper = bounds[:, 0]

    return (lower.astype(numpy.float32), upper.astype(numpy.float32))


# Create a horizontal regridder. ingrid and outgrid are CDMS AbstractGrid
# objects.


[docs]class Horizontal:

    def __init__(self, ingrid, outgrid):
        """
        Constructor for regridding class

        Parameters
        ----------

             ingrid cdms2,
                 ndarray variable

             outgrid cdms2,
                 ndarray variable
        """

        inlat = ingrid.getLatitude()
        outlat = outgrid.getLatitude()
        inlon = ingrid.getLongitude()
        outlon = outgrid.getLongitude()
        inlatBounds, inlonBounds = ingrid.getBounds()
        outlatBounds, outlonBounds = outgrid.getBounds()

        self.nlati = len(inlat)
        self.nlato = len(outlat)
        self.nloni = len(inlon)
        self.nlono = len(outlon)
        self.inmask = ingrid.getMask()
        self.outmask = outgrid.getMask()
        # Make grid masks consistent with 'internal' convention:
        # 0 == invalid
        if self.inmask is not None:
            self.inmask = 1. - self.inmask
        if self.outmask is not None:
            self.outmask = 1. - self.outmask
        self.inshape = ingrid.shape
        self.inorder = ingrid.getOrder()
        self.outlat = outgrid.getLatitude().clone()
        self.outlon = outgrid.getLongitude().clone()

        bsin, bnin = extractBounds(inlatBounds)
        bwin, bein = extractBounds(inlonBounds)
        bsout, bnout = extractBounds(outlatBounds)
        bwout, beout = extractBounds(outlonBounds)

        if _debug == 1:
            import sys
            sys.stdout = open('debug_regrid.txt', 'w')
            print(("bsin = ", numpy.array2string(bsin, precision=3)))
            print(("bnin = ", numpy.array2string(bnin, precision=3)))
            print(("bwin = ", numpy.array2string(bwin, precision=3)))
            print(("bein = ", numpy.array2string(bein, precision=3)))
            print(("bsout = ", numpy.array2string(bsout, precision=3)))
            print(("bnout = ", numpy.array2string(bnout, precision=3)))
            print(("bwout = ", numpy.array2string(bwout, precision=3)))
            print(("beout = ", numpy.array2string(beout, precision=3)))

        self.londx, self.lonpt, self.wtlon, self.latdx, self.latpt, self.wtlat = _regrid.maparea(
            self.nloni, self.nlono, self.nlati, self.nlato, bnin, bnout, bsin, bsout, bein, beout, bwin, bwout)

    def __call__(self, ar, missing=None, order=None,
                 mask=None, returnTuple=0, **args):
        """
        Call the regridder function.

        Parameters
        ----------

        ar :
            is the input array.

        order :
            is of the form "tzyx", "tyx", etc.

        missing :
            is the missing data value, if any.

        mask :
            is either 2-D or the same shape as ar.

        returnTuple :
            If true, return the tuple (outArray, outWeights) where outWeights is
            the fraction of each zone of the output grid which overlaps non-missing
            zones of the input grid; it has the same shape as the output array.
        """

        from cdms2.avariable import AbstractVariable
        from cdms2.tvariable import TransientVariable

        # Compatibility
        if mask is numpy.ma.nomask:
            mask = None

        if ar.dtype.type is numpy.bool_:
            ar = numpy.asarray(ar, numpy.float32)

        # Make sense of mask consistent with 'internal' convention (0 ==
        # invalid)
        if mask is not None:
            mask = 1. - mask

        # Save Variable metadata for output
        if isinstance(ar, AbstractVariable):
            attrs = copy.copy(ar.attributes)
            varid = ar.id
            axislist = list([x[0].clone() for x in ar.getDomain()])
            inputIsVariable = 1
            if order is None:
                order = ar.getOrder()
            # this expects contiguous arrays
            if isinstance(
                    ar, TransientVariable) and ar.iscontiguous() is False:
                ar = ar.ascontiguous()

        else:
            inputIsVariable = 0

        # Turn ar into a numpy array.
        if numpy.ma.isMaskedArray(ar):
            armiss = ar.fill_value
            armask = ar.mask
            if armask is numpy.ma.nomask:
                armask = None
            else:
                armask = 1. - armask  # Reverse numpy.ma convention for rgdarea
            ar = numpy.ma.filled(ar)
        elif isinstance(ar, AbstractVariable):
            tempar = ar.getValue(squeeze=0)
            armiss = ar.getMissing()
            armask = tempar.mask
            if armask is numpy.ma.nomask:
                armask = None
            else:
                armask = 1. - armask  # Reverse numpy.ma convention for rgdarea
            ar = numpy.ma.filled(tempar)
        elif isinstance(ar, numpy.ndarray):
            armask = armiss = None
        else:
            raise RegridError(
                "Input array is not a Variable, numpy.ma, or numpy array")

        # If neither mask nor missing value is specified, get them from
        # the input array.
        if mask is None and missing is None:
            missing = armiss
            mask = armask
        if isinstance(missing, numpy.ndarray):
            missing = missing[0]

        rank = len(ar.shape)
        assert 2 <= rank <= 4, 'Array rank is %i, must be 2, 3, or 4' % rank

        # Set the default order to match the input grid order
        if order is None:
            if rank == 2:
                order = self.inorder
            elif rank == 3:
                order = "t" + self.inorder
            else:
                order = "tz" + self.inorder

        assert rank == len(
            order), 'Order must be same length as array rank: %i' % len(ar.shape)

        order = order.lower()

        # Map order to ilon, ilat ...
        itim1 = itim2 = 0
        ilon = ilat = -1
        idim = 0
        for i in range(rank - 1, -1, -1):
            c = order[i]
            if c == 'x':
                ilon = idim
            elif c == 'y':
                ilat = idim
            elif c == 'z':
                itim1 = idim
            elif c == 't':
                if rank == 3:
                    itim1 = idim
                else:
                    itim2 = idim
            idim = idim + 1

        # Map array shape to nloni, nlati, ...
        ntim1 = ntim2 = 0
        shape = ar.shape
        if ilon == -1:
            raise RegridError("Input grid does not have a longitude axis")
        if ilat == -1:
            raise RegridError("Input grid does not have a latitude axis")
        nlati = shape[rank - ilat - 1]
        nloni = shape[rank - ilon - 1]
        if nlati != self.nlati or nloni != self.nloni:
            raise (
                'array lat,lon (%i,%i) does not match grid lat,lon (%i,%i)' %
                (nlati, nloni, self.nlati, self.nloni))

        if itim1 != 0:
            ntim1 = shape[rank - itim1 - 1]
        if itim2 != 0:
            ntim2 = shape[rank - itim2 - 1]

        # Construct the input mask:
        # If user mask is 2-D or not specified, use the logical AND of the mask (or input grid mask
        # if no user mask is specified)
        # with the 'implicit mask' generated from the missing data, if any
        if (mask is None) or len(mask.shape) == 2:
            flag2D = 1
            if mask is not None:
                assert mask.shape == self.inshape, '2-D mask must be same shape as input grid'
                inmask = mask
            elif self.inmask is None:
                inmask = numpy.ones(self.inshape)
            else:
                inmask = self.inmask

            if missing is not None:
                if rank == 2:
                    firstslice = ar
                elif rank == 3:
                    firstslice = ar[0]
                else:
                    firstslice = ar[0, 0]
                # inmask = numpy.logical_and( numpy.greater( numpy.absolute( firstslice - missing),
                # numpy.absolute( 0.001*missing)), inmask)
                if issubclass(ar.dtype.type, numpy.floating):
                    inmask = numpy.where(
                        numpy.greater(
                            numpy.absolute(
                                firstslice -
                                missing),
                            numpy.absolute(
                                0.001 *
                                missing)),
                        inmask,
                        0)

        # If the user mask was specified and is > 2-D, it overrides the grid
        # mask
        else:
            assert mask.shape == ar.shape, 'Mask must be 2-D or same shape as input array'
            inmask = mask
            flag2D = 0                  # 2-D user masks are handled above
            # If armask is derived from the input array, it is probably consistent
            # with the missing value - don't bother recalculating it
            if missing is not None and armask is None:
                # inmask = numpy.logical_and( numpy.greater( numpy.absolute( ar - missing),
                #  numpy.absolute( 0.001*missing)), inmask)
                if issubclass(ar.dtype.type, numpy.floating):
                    inmask = numpy.where(
                        numpy.greater(
                            numpy.absolute(
                                ar - missing),
                            numpy.absolute(
                                0.001 * missing)),
                        inmask,
                        0)
        # Cast the mask to float
        inmask = inmask.astype(numpy.float32)
        if missing is None:
            missing = 1.0e20

        # Cast the input array to 32-bit floats, if necessary
        if ar.dtype.char != numpy.float32:
            ar = ar.astype(numpy.float32)

        # Malloc return array
        outshape = list(shape)
        outshape[rank - ilat - 1] = self.nlato
        outshape[rank - ilon - 1] = self.nlono
        outar = numpy.zeros(tuple(outshape), numpy.float32)

        # Perform the regridding. The return array has the same shape
        # as the output array, and is the fraction of the zone which overlaps
        # a non-masked zone of the input grid.
        amskout = _regrid.rgdarea(
            ilon,
            ilat,
            itim1,
            itim2,
            ntim1,
            ntim2,
            nloni,
            self.nlono,
            nlati,
            self.nlato,
            flag2D,
            missing,
            self.londx,
            self.lonpt,
            self.wtlon,
            self.latdx,
            self.latpt,
            self.wtlat,
            inmask,
            ar,
            outar)

        # Correct the shape of output weights
        amskout.shape = outar.shape

        # Set the missing data mask of the output array, if any.
        hasMissing = not numpy.ma.alltrue(numpy.ma.ravel(amskout))
        if hasMissing:
            slabMask = numpy.ma.where(numpy.ma.equal(amskout, 0), 1, 0)
        else:
            slabMask = None

        # Combine missing data mask and output grid mask
        # Note: slabMask and outmask are Boolean here
        if self.outmask is not None:
            outmask = numpy.logical_not(numpy.resize(self.outmask, outshape))
            if hasMissing:
                outmask = numpy.ma.logical_or(outmask, slabMask)
        else:
            outmask = slabMask

        # Create the result TransientVariable (if input ar is an AbstractVariable)
        # or masked array
        if inputIsVariable == 1:
            for i in range(len(order)):
                if order[i] == 'x':
                    axislist[i] = self.outlon
                elif order[i] == 'y':
                    axislist[i] = self.outlat
            result = cdms2.createVariable(outar, mask=outmask, fill_value=missing,
                                          axes=axislist, attributes=attrs, id=varid)
        else:
            result = numpy.ma.masked_array(
                outar, mask=outmask, fill_value=missing)

        if returnTuple == 0:
            return result
        else:
            return result, amskout



[docs]class Regridder(Horizontal):
    def __init__(self, ingrid, outgrid):
        warnings.warn(
            "While this will work for now, please note that the Regridder class has been " +
            "renamed Horizontal, the name 'Regridder' will be deprecated in future version. " +
            "Please edit your code accordingly",
            Warning)
        Horizontal.__init__(self, ingrid, outgrid)



[docs]def input_mask(ain, type, mask, missing=None):
    """
    set up the input mask including missing from ain
    """
    if type != 'h' and type != 'v':
        raise ValueError('Mask type must be h or v')
        return

    if missing is None:
        try:
            omit = ain.missing_value
        except AttributeError:
            omit = 1.0e20
    else:
        omit = missing

    # ----- insert 0.0 in mask where array has missing data -------

    mask_size = len(mask.shape)
    data_size = len(ain.shape)

    if mask_size == 2 and data_size > 2:             # make reduced array with first lat_lon section from a

        if data_size == 3:                            # caution: assuming standard order lat-lon varying the fastest
            if type == 'h':
                reduced = ain[0, :, :]
            elif type == 'v':
                # removes lats dummy latitude
                reduced = ain[:, :, 0]
        elif data_size == 4:
            if type == 'h':
                reduced = ain[0, 0, :, :]
            elif type == 'v':
                # removes lats dummy latitude
                reduced = ain[0, :, :, 0]
        else:
            raise IndexError('Data size is out of range')
            return

        amskin = numpy.where(numpy.greater(reduced, 0.9 * omit), 0.0, mask)
        amskin = amskin.astype(numpy.float32)

    else:                                                    # 0.0 -> missing in passed mask

        amskin = numpy.where(numpy.greater(ain, 0.9 * omit), 0.0, mask)
        amskin = amskin.astype(numpy.float32)

    return omit, amskin
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  Source code for regrid2.mvESMFRegrid

# This code is provided with the hope that it will be useful.
# No guarantee is provided whatsoever. Use at your own risk.
#
# David Kindig and Alex Pletzer, Tech-X Corp. (2012)


"""
ESMF regridding class
"""
import os
import re
import socket
import numpy

import ESMF
from . import esmf
from . import RegridError
from .mvGenericRegrid import GenericRegrid

try:
    socket.gethostbyname(socket.gethostname())
except Exception:
    os.environ['MPICH_INTERFACE_HOSTNAME'] = 'localhost'

ESMF.Manager(debug=False)
HAVE_MPI = False
try:
    from mpi4py import MPI
    HAVE_MPI = True
except BaseException:
    pass

# constants
CENTER = ESMF.StaggerLoc.CENTER  # Same as ESMF_STAGGERLOC_CENTER_VCENTER
CORNER = ESMF.StaggerLoc.CORNER
VCORNER = ESMF.StaggerLoc.CORNER_VFACE
VFACE = VCORNER
CONSERVE = ESMF.RegridMethod.CONSERVE
PATCH = ESMF.RegridMethod.PATCH
BILINEAR = ESMF.RegridMethod.BILINEAR
IGNORE = ESMF.UnmappedAction.IGNORE
ERROR = ESMF.UnmappedAction.ERROR


[docs]class ESMFRegrid(GenericRegrid):
    """
    Regrid class for ESMF
     Constructor

 Parameters
 ----------

           srcGridShape
                tuple source grid shape

           dstGridShape
                tuple destination grid shape

           dtype
                a valid numpy data type for the src/dst data

           regridMethod
               'linear', 'conserve', or 'patch'

           staggerLoc
               the staggering of the field, 'center' or 'corner'

           periodicity
               0 (no periodicity),
               1 (last coordinate is periodic,
               2 (both coordinates are periodic)

           coordSys
               'deg', 'cart', or 'rad'

           hasSrcBounds
               tuple source bounds shape

           hasDstBounds
               tuple destination bounds shape

           ignoreDegenerate
               Ignore degenerate celss when checking inputs
    """

[docs]    def __init__(self, srcGridshape, dstGridshape, dtype,
                 regridMethod, staggerLoc, periodicity, coordSys,
                 srcGridMask=None, hasSrcBounds=False, srcGridAreas=None,
                 dstGridMask=None, hasDstBounds=False, dstGridAreas=None,
                 ignoreDegenerate=False,
                 **args):
        """

        """

        # esmf grid objects (tobe constructed)
        self.srcGrid = None
        self.dstGrid = None
        self.dtype = dtype

        self.srcGridShape = srcGridshape
        self.dstGridShape = dstGridshape
        self.ignoreDegenerate = ignoreDegenerate
        self.ndims = len(self.srcGridShape)

        self.hasSrcBounds = hasSrcBounds
        self.hasDstBounds = hasDstBounds

        self.regridMethod = BILINEAR
        self.regridMethodStr = 'linear'
        if isinstance(regridMethod, str):
            if re.search('conserv', regridMethod.lower()):
                self.regridMethod = CONSERVE
                self.regridMethodStr = 'conserve'
            elif re.search('patch', regridMethod.lower()):
                self.regridMethod = PATCH
                self.regridMethodStr = 'patch'

        # data stagger
        self.staggerloc = CENTER
        self.staggerlocStr = 'center'
        if isinstance(staggerLoc, str):
            if re.search('vface', staggerLoc.lower(), re.I):
                self.staggerloc = VFACE
                self.staggerlocStr = 'vcorner'
            # there are other staggers we could test here
            elif re.search('corner', staggerLoc.lower(), re.I) or \
                    re.search('node', staggerLoc.lower(), re.I):
                self.staggerloc = CORNER
                self.staggerlocStr = 'corner'
            # there are other staggers we could test here

        # good for now
        unMappedAction = args.get('unmappedaction', 'ignore')
        self.unMappedAction = ESMF.UnmappedAction.IGNORE
        if re.search('error', unMappedAction.lower()):
            self.unMappedAction = ESMF.UnmappedAction.ERROR

        self.coordSys = ESMF.CoordSys.SPH_DEG
        self.coordSysStr = 'deg'
        if re.search('cart', coordSys.lower()):
            self.coordSys = ESMF.CoordSys.CART
            self.coordSysStr = 'cart'
        elif re.search('rad', coordSys.lower()):
            self.coordSys = ESMF.CoordSys.SPH_RAD
            self.coordSysStr = 'rad'

        self.periodicity = periodicity

        # masks can take several values in ESMF, we'll have just one
        # value (1) which means invalid
#        self.srcMaskValues = numpy.array([1],dtype = numpy.int32)
#        self.dstMaskValues = numpy.array([1],dtype = numpy.int32)

        if isinstance(regridMethod, str):
            if re.search('conserv', regridMethod.lower()):
                self.srcMaskValues = numpy.array([1], dtype=numpy.int32)
                self.dstMaskValues = numpy.array([1], dtype=numpy.int32)
            else:
                self.srcMaskValues = srcGridMask
                self.dstMaskValues = dstGridMask

        # provided by user or None
        self.srcGridAreas = srcGridAreas
        self.dstGridAreas = dstGridAreas
        self.maskPtr = None

        # MPI stuff
        self.pe = 0
        self.nprocs = 1
        self.comm = None
        if HAVE_MPI:
            self.comm = MPI.COMM_WORLD
            self.pe = self.comm.Get_rank()
            self.nprocs = self.comm.Get_size()

        # checks
        if self.ndims != len(self.dstGridShape):
            msg = """
mvESMFRegrid.ESMFRegrid.__init__: mismatch in the number of topological
dimensions. len(srcGridshape) = %d != len(dstGridshape) = %d""" % \
                (self.ndims, len(self.dstGridShape))
            raise RegridError(msg)

        # Initialize the grids without data.
        self.srcGrid = esmf.EsmfStructGrid(self.srcGridShape,
                                           coordSys=self.coordSys,
                                           periodicity=self.periodicity,
                                           staggerloc=self.staggerloc,
                                           hasBounds=self.hasSrcBounds)
        self.dstGrid = esmf.EsmfStructGrid(dstGridshape,
                                           coordSys=self.coordSys,
                                           periodicity=self.periodicity,
                                           staggerloc=self.staggerloc,
                                           hasBounds=self.hasDstBounds)

        # Initialize the fields with data.
        self.srcFld = esmf.EsmfStructField(self.srcGrid, 'srcFld',
                                           datatype=self.dtype,
                                           staggerloc=self.staggerloc)
        self.dstFld = esmf.EsmfStructField(self.dstGrid, 'dstFld',
                                           datatype=self.dtype,
                                           staggerloc=self.staggerloc)

        self.srcAreaField = esmf.EsmfStructField(self.srcGrid, name='srcAreas',
                                                 datatype=self.dtype,
                                                 staggerloc=self.staggerloc)
        self.dstAreaField = esmf.EsmfStructField(self.dstGrid, name='dstAreas',
                                                 datatype=self.dtype,
                                                 staggerloc=self.staggerloc)

        self.srcFracField = esmf.EsmfStructField(self.srcGrid, name='srcFracAreas',
                                                 datatype=self.dtype,
                                                 staggerloc=self.staggerloc)
        self.dstFracField = esmf.EsmfStructField(self.dstGrid, name='dstFracAreas',
                                                 datatype=self.dtype,
                                                 staggerloc=self.staggerloc)
        self.srcFld.field.data[:] = -1
        self.dstFld.field.data[:] = -1
        self.srcAreaField.field.data[:] = 0.0
        self.dstAreaField.field.data[:] = 0.0
        self.srcFracField.field.data[:] = 1.0
        self.dstFracField.field.data[:] = 1.0


[docs]    def setCoords(self, srcGrid, dstGrid,
                  srcGridMask=None, srcBounds=None, srcGridAreas=None,
                  dstGridMask=None, dstBounds=None, dstGridAreas=None,
                  globalIndexing=False, **args):
        """
        Populator of grids, bounds and masks

        Parameters
        ----------

        srcGrid : list [[z], y, x] of source grid arrays

        dstGrid : list [[z], y, x] of dstination grid arrays

        srcGridMask : list [[z], y, x] of arrays

        srcBounds : list [[z], y, x] of arrays

        srcGridAreas : list [[z], y, x] of arrays

        dstGridMask : list [[z], y, x] of array

        dstBounds : list [[z], y, x] of arrays

        dstGridAreas : list [[z], y, x] of arrays

        globalIndexing : if True array was allocated over global index space,
                         otherwise array was allocated over local index space on
                         this processor. This is only relevant if rootPe is None
        """

        # create esmf source Grid
        self.srcGrid.setCoords(srcGrid, staggerloc=self.staggerloc,
                               globalIndexing=globalIndexing)

        if srcGridMask is not None:
            self.srcGrid.setMask(srcGridMask, self.staggerloc)

        if srcBounds is not None:
            # Coords are CENTER (cell) based, bounds are CORNER (nodal)
            # VCORNER for 3D
            if self.staggerloc != CORNER and self.staggerloc != VCORNER:
                if self.ndims == 2:
                    # cell field, need to provide the bounds
                    self.srcGrid.setCoords(srcBounds, staggerloc=CORNER,
                                           globalIndexing=globalIndexing)
                if self.ndims == 3:
                    # cell field, need to provide the bounds
                    self.srcGrid.setCoords(srcBounds, staggerloc=VCORNER,
                                           globalIndexing=globalIndexing)

            elif self.staggerloc == CORNER or self.staggerloc == VCORNER:
                msg = """
mvESMFRegrid.ESMFRegrid.__init__: can't set the src bounds for
staggerLoc = %s!""" % self.staggerLoc
                raise RegridError(msg)

        # create destination Grid
        self.dstGrid.setCoords(dstGrid, staggerloc=self.staggerloc,
                               globalIndexing=globalIndexing)
        if dstGridMask is not None:
            self.dstGrid.setMask(dstGridMask)

        if dstBounds is not None:
            # Coords are CENTER (cell) based, bounds are CORNER (nodal)
            if self.staggerloc != CORNER and self.staggerloc != VCORNER:
                if self.ndims == 2:
                    self.dstGrid.setCoords(dstBounds, staggerloc=CORNER,
                                           globalIndexing=globalIndexing)
                if self.ndims == 3:
                    self.dstGrid.setCoords(dstBounds, staggerloc=VCORNER,
                                           globalIndexing=globalIndexing)
            elif self.staggerloc == CORNER or self.staggerloc == VCORNER:
                msg = """
mvESMFRegrid.ESMFRegrid.__init__: can't set the dst bounds for
staggerLoc = %s!""" % self.staggerLoc
                raise RegridError(msg)


[docs]    def computeWeights(self, **args):
        """
        Compute interpolation weights

        Parameters
        ----------

        args : (not used)

        """
        self.regridObj = ESMF.Regrid(srcfield=self.srcFld.field,
                                     dstfield=self.dstFld.field,
                                     src_mask_values=self.srcMaskValues,
                                     dst_mask_values=self.dstMaskValues,
                                     regrid_method=self.regridMethod,
                                     unmapped_action=self.unMappedAction,
                                     ignore_degenerate=True)


[docs]    def apply(self, srcData, dstData, rootPe, globalIndexing=False, **args):
        """
        Regrid source to destination.
        When used in parallel, if the processor is not the root processor,
        the dstData returns None.

        Source data mask:

            - If you provide srcDataMask in args the source grid will be
              masked and weights will be recomputed.

            - Subsequently, if you do not provide a srcDataMask the last weights will
              be used to regrid the source data array.

            - By default, only the data are masked, but not the grid.

        Parameters
        ----------

        srcData : array source data, shape should cover entire global index space

        dstData : array destination data, shape should cover entire global index space

        rootPe : if other than None, then data will be MPI gathered on the specified rootPe processor

        globalIndexing : if True array was allocated over global index space, otherwise array was
                         allocated over local index space on this processor. This is only relevant
                         if rootPe is None

        args
        """

#        if args.has_key('srcDataMask'):
#            srcDataMask=args.get('srcDataMask')
        # Make sure with have a mask intialized for this grid.

#            if(self.maskPtr is None):
#                if(self.srcFld.field.grid.mask[self.staggerloc] is None):
#                    self.srcFld.field.grid.add_item(item=ESMF.GridItem.MASK, staggerloc=self.staggerloc)
#                self.maskPtr = self.srcFld.field.grid.get_item(item=ESMF.GridItem.MASK,
#                                                               staggerloc=self.staggerloc)
        # Recompute weights only if masks are different.
#            if(not numpy.array_equal(self.maskPtr, srcDataMask)):
#                self.maskPtr[:] = srcDataMask[:]
#                self.computeWeights(**args)

        zero_region = ESMF.Region.SELECT
        if 'zero_region' in args.keys():
            zero_region = args.get('zero_region')

        self.srcFld.field.data[:] = srcData.T
        self.dstFld.field.data[:] = dstData.T
        # regrid

        self.regridObj(
            self.srcFld.field,
            self.dstFld.field,
            zero_region=zero_region)

        # fill in dstData
        if rootPe is None and globalIndexing:
            # only fill in the relevant portion of the data
            slab = self.dstGrid.getLocalSlab(staggerloc=self.staggerloc)
            dstData[slab] = self.dstFld.getData(rootPe=rootPe)
        else:
            tmp = self.dstFld.field.data.T
            if tmp is None:
                dstData = None
            else:
                dstData[:] = tmp


[docs]    def getDstGrid(self):
        """
        Get the destination grid on this processor

        Returns
        -------
        grid
        """
        return [self.dstGrid.getCoords(i, staggerloc=self.staggerloc)
                for i in range(self.ndims)]


[docs]    def getSrcAreas(self, rootPe):
        """
        Get the source grid cell areas

        Parameters
        ----------
        rootPe : root processor where data should be gathered (or None if local areas are to be returned)


        Returns
        -------
        areas or None if non-conservative interpolation
        """
        if self.regridMethod == CONSERVE:
            #            self.srcAreaField.field.get_area()
            return self.srcAreaField.field.data
        else:
            return None


[docs]    def getDstAreas(self, rootPe):
        """
        Get the destination grid cell areas

        Parameters
        ----------

        rootPe : root processor where data should be gathered (or None if local areas are to be returned)


        Returns
        -------

        areas or None if non-conservative interpolation
        """
        if self.regridMethod == CONSERVE:
            #            self.dstAreaField.field.get_area()
            return self.dstAreaField.field.data
        else:
            return None


[docs]    def getSrcAreaFractions(self, rootPe):
        """
        Get the source grid area fractions

        Parameters
        ----------

        rootPe : root processor where data should be gathered (or None if local areas are to be returned)


        Returns
        -------

        fractional areas or None (if non-conservative)
        """
        if self.regridMethod == CONSERVE:
            return self.srcFracField.field.data
        else:
            return None


[docs]    def getDstAreaFractions(self, rootPe):
        """
        Get the destination grid area fractions

        Parameters
        ----------

        rootPe : root processor where data should be gathered (or None if local areas are to be returned)


        Returns
        -------

        fractional areas or None (if non-conservative)
        """
        if self.regridMethod == CONSERVE:
            return self.dstFracField.field.data
        else:
            return


[docs]    def getSrcLocalShape(self, staggerLoc):
        """
        Get the local source coordinate/data shape (may be different on each processor)

        Parameters
        ----------

        staggerLoc : (e.g. 'center' or 'corner')


        Returns
        -------

        tuple
        """
        stgloc = CENTER
        if re.match('corner', staggerLoc, re.I) or \
           re.search('nod', staggerLoc, re.I):
            stgloc = CORNER
        elif re.search('vface', staggerLoc, re.I) or \
                re.search('vcorner', staggerLoc, re.I):
            stgloc = VFACE
        return self.srcGrid.getCoordShape(stgloc)


[docs]    def getDstLocalShape(self, staggerLoc):
        """
        Get the local destination coordinate/data shape (may be different on each processor)

        Parameters
        ----------

        staggerLoc : (e.g. 'center' or 'corner')


        Returns
        -------

        tuple
        """
        stgloc = CENTER
        if re.match('corner', staggerLoc, re.I) or \
           re.search('nod', staggerLoc, re.I):
            stgloc = CORNER
        elif re.search('vface', staggerLoc, re.I) or \
                re.search('vcorner', staggerLoc, re.I):
            stgloc = VFACE
        return self.dstGrid.getCoordShape(stgloc)


[docs]    def getSrcLocalSlab(self, staggerLoc):
        """
        Get the destination local slab (ellipsis). You can use this to grab the data
        local to this processor

        Parameters
        ----------

        staggerLoc : (e.g. 'center'):



        Returns
        -------

        tuple of slices
        """
        stgloc = CENTER
        if re.match('corner', staggerLoc, re.I) or \
           re.search('nod', staggerLoc, re.I):
            stgloc = CORNER
        elif re.search('vface', staggerLoc, re.I) or \
                re.search('vcorner', staggerLoc, re.I):
            stgloc = VFACE
        return self.srcGrid.getLocalSlab(stgloc)


[docs]    def getDstLocalSlab(self, staggerLoc):
        """
        Get the destination local slab (ellipsis). You can use this to grab the data local to this
        processor

        Parameters
        ----------

        staggerLoc : (e.g. 'center')


        Returns
        -------

        tuple of slices
        """
        stgloc = CENTER
        if re.match('corner', staggerLoc, re.I) or \
           re.search('nod', staggerLoc, re.I):
            stgloc = CORNER
        elif re.search('vface', staggerLoc, re.I) or \
                re.search('vcorner', staggerLoc, re.I):
            stgloc = VFACE
        return self.dstGrid.getLocalSlab(stgloc)


[docs]    def fillInDiagnosticData(self, diag, rootPe):
        """
        Fill in diagnostic data

        Parameters
        ----------

        diag : a dictionary whose entries, if present, will be filled valid
               entries are: 'srcAreaFractions', 'dstAreaFractions', srcAreas', 'dstAreas'

        rootPe : root processor where data should be gathered (or None if local areas are to be returned)
        """
        oldMethods = {}
        oldMethods['srcAreaFractions'] = 'getSrcAreaFractions'
        oldMethods['dstAreaFractions'] = 'getDstAreaFractions'
        oldMethods['srcAreas'] = 'getSrcAreas'
        oldMethods['dstAreas'] = 'getDstAreas'
        for entry in 'srcAreaFractions', 'dstAreaFractions',  \
                'srcAreas', 'dstAreas':
            if entry in diag:
                diag[entry] = eval(
                    'self.' + oldMethods[entry] + '(rootPe=rootPe)').T
        diag['regridTool'] = 'esmf'
        diag['regridMethod'] = self.regridMethodStr
        diag['periodicity'] = self.periodicity
        diag['coordSys'] = self.coordSysStr
        diag['staggerLoc'] = self.staggerlocStr
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  Source code for regrid2.mvGenericRegrid

# This code is provided with the hope that it will be useful.
# No guarantee is provided whatsoever. Use at your own risk.
#
# David Kindig and Alex Pletzer, Tech-X Corp. (2012)

"""
Generic interface to multiple regrid classes. No dependence on cdms2 variables.
"""
import operator
import numpy

import regrid2
import re
from distarray import MultiArrayIter
from functools import reduce

# used to locate fully masked cells
EPS = 10 * 1.19209e-07


[docs]def guessPeriodicity(srcBounds):
    """
    Guess if a src grid is periodic

    Parameters
    ----------
    srcBounds : the nodal src set of coordinates

    Returns
    -------

    1 if periodic, warp around, 0 otherwise
    """
    res = 0
    if srcBounds is not None:
        res = 1
        # assume longitude to be the last coordinate
        lonsb = srcBounds[-1]
        nlon = lonsb.shape[-1]
        dlon = (lonsb.max() - lonsb.min()) / float(nlon)
        tol = 1.e-2 * dlon
        if abs((lonsb[..., -1] - 360.0 - lonsb[..., 0]
                ).sum() / float(lonsb.size)) > tol:
            # looks like a regional model
            res = 0
    return res



[docs]class GenericRegrid:
    """
    Generic Regrid class.

    Constructor


    Parameters
    ----------

    srcGrid : list of numpy arrays, source horizontal coordinates

            dstGrid
                list of numpy arrays, destination horizontal coordinate
            dtype
                numpy data type for src/dst data

            regridMethod
                linear (bi, tri,...) default or conservative

            regridTool
                currently either 'libcf' or 'esmf'

            srcGridMask
                array of same shape as srcGrid

            srcBounds
                list of numpy arrays of same shape as srcGrid

            srcGridAreas
                array of same shape as srcGrid

            dstGridMask
                array of same shape as dstGrid

            dstBounds
                list of numpy arrays of same shape as dstGrid

            dstGridAreas
                array of same shape as dstGrid

            **args
                  additional arguments to be passed to the specific tool
                      libcf': mkCyclic={True, False}, handleCut={True,False}
                      'esmf': periodicity={0,1}, coordSys={'deg', 'cart'}, ...
    """

[docs]    def __init__(self, srcGrid, dstGrid,
                 dtype,
                 regridMethod,
                 regridTool,
                 srcGridMask=None, srcBounds=None, srcGridAreas=None,
                 dstGridMask=None, dstBounds=None, dstGridAreas=None,
                 **args):
        """

        """

        self.nGridDims = len(srcGrid)
        self.regridMethod = regridMethod

        if len(srcGrid) != len(dstGrid):
            msg = 'mvGenericRegrid.__init__: mismatch in number of dims'
            msg += ' len(srcGrid) = %d != len(dstGrid) = %d' % \
                (self.nGridDims, len(dstGrid))
            raise regrid2.RegridError(msg)

        # parse the options
        if re.search('libcf', regridTool.lower()) or \
           re.search('gsreg', regridTool.lower()):
            # LibCF
            self.tool = regrid2.LibCFRegrid(srcGrid, dstGrid,
                                            srcGridMask=srcGridMask,
                                            srcBounds=srcBounds,
                                            **args)
        elif re.search('esm', regridTool.lower()):
            # ESMF
            staggerLoc = args.get('staggerLoc', 'center')
            if 'staggerLoc' in args:
                del args['staggerLoc']
            periodicity = args.get('periodicity',
                                   guessPeriodicity(srcBounds))
            if 'periodicity' in args:
                del args['periodicity']
            coordSys = args.get('coordSys', 'deg')
            if 'coordSys' in args:
                del args['coordSys']

            # Get the shapes
            self.srcGridShape = srcGrid[0].shape
            self.dstGridShape = dstGrid[0].shape
            self.hasSrcBounds = False
            self.hasDstBounds = False

            if srcBounds is not None:
                self.hasSrcBounds = True

            if dstBounds is not None:
                self.hasDstBounds = True

            self.srcGridAreasShape = None
            self.dstGridAreasShape = None

            if srcGridAreas is not None:
                self.srcGridAreasShape = srcGridAreas[0].shape

            if dstGridAreas is not None:
                self.dstGridAreasShape = dstGridAreas[0].shape

            # Initialize
            self.tool = regrid2.ESMFRegrid(self.srcGridShape, self.dstGridShape,
                                           dtype=dtype,
                                           regridMethod=regridMethod,
                                           staggerLoc=staggerLoc,
                                           periodicity=periodicity,
                                           coordSys=coordSys,
                                           hasSrcBounds=self.hasSrcBounds,
                                           hasDstBounds=self.hasDstBounds,
                                           srcGridAreasShape=self.srcGridAreasShape,
                                           dstGridAreasShape=self.dstGridAreasShape,
                                           **args)

            self.tool.setCoords(srcGrid, dstGrid,
                                srcGridMask=srcGridMask,
                                srcBounds=srcBounds,
                                srcGridAreas=srcGridAreas,
                                dstGridMask=dstGridMask,
                                dstBounds=dstBounds,
                                dstGridAreas=dstGridAreas,
                                globalIndexing=True,
                                **args)
        else:
            msg = """mvGenericRegrid.__init__: ERROR unrecognized tool %s,
valid choices are: 'libcf', 'esmf'""" % regridTool
            raise regrid2.RegridError(msg)


[docs]    def computeWeights(self, **args):
        """
        Compute Weights
        """
        self.tool.computeWeights(**args)


[docs]    def apply(self, srcData, dstData,
              rootPe=None,
              missingValue=None,
              **args):
        """
        Regrid source to destination

        Parameters
        ----------

        srcData : array (input)

        dstData : array (output)

        rootPe : if other than None, then results will be MPI gathered

        missingValue : if not None, then data mask will be interpolated
                       and data value set to missingValue when masked
        """

        # assuming the axes are the slowly varying indices
        srcHorizShape = srcData.shape[-self.nGridDims:]
        dstHorizShape = dstData.shape[-self.nGridDims:]

        srcDataMaskFloat = None
        dstDataMaskFloat = None
        dstMask = None
        if missingValue is not None:
            srcDataMaskFloat = numpy.zeros(srcHorizShape, srcData.dtype)
            dstDataMaskFloat = numpy.zeros(dstHorizShape, dstData.dtype)

        nonHorizShape = srcData.shape[: -self.nGridDims]

        if len(nonHorizShape) == 0:

            #
            # no axis... just call apply
            #

            # adjust for masking
            if missingValue is not None:

                srcDataMaskFloat[:] = (srcData == missingValue)

                # set field values to zero where missing, we'll add the mask
                # contribution later
                indata = numpy.array(srcData * (1 - (srcDataMaskFloat == 1)),
                                     dtype=srcData.dtype)

                # interpolate mask
                self.tool.apply(srcDataMaskFloat, dstDataMaskFloat,
                                rootPe=rootPe, globalIndexing=True, **args)
                if re.search('conserv', self.regridMethod.lower(), re.I):
                    dstMask = numpy.array(
                        (dstDataMaskFloat > 1 - EPS), numpy.int32)
                else:
                    dstMask = numpy.array((dstDataMaskFloat > 0), numpy.int32)

                # Initialize output to missin_value
                dstData[:] = missingValue
                # interpolate the data
                self.tool.apply(indata, dstData, rootPe=rootPe,
                                globalIndexing=True, **args)

                # add missing values
                dstData *= (1 - dstMask)
                dstData += dstMask * missingValue

            else:
                # no masking, just interpolate the data
                self.tool.apply(srcData, dstData, rootPe=rootPe,
                                globalIndexing=True, **args)
        else:

            nonHorizShape2 = dstData.shape[: -self.nGridDims]
            if not numpy.all(nonHorizShape2 == nonHorizShape):
                msg = 'mvGenericRegrid.apply: axes detected '
                msg += 'but %s != %s ' % (str(nonHorizShape2),
                                          str(nonHorizShape))
                raise regrid2.RegridError(msg)

            #
            # iterate over all axes
            #

            # create containers to hold input/output values
            # (a copy is essential here)
            zros = '[' + ('0,' * len(nonHorizShape)) + '...]'
            indata = numpy.array(eval('srcData' + zros))
            outdata = numpy.array(eval('dstData' + zros))

            # now iterate over all non lat/lon coordinates
            for it in MultiArrayIter(nonHorizShape):

                indices = it.getIndices()
                slce = '['
                slce += reduce(operator.add, ['%d,' % i for i in indices])
                slce += '...]'
                indata = eval('srcData' + slce)

                # adjust for masking
                if missingValue is not None:

                    srcDataMaskFloat[:] = (indata == missingValue)

                    # set field values to zero where missing, we'll add the mask
                    # contribution later
#                    indata *= (1 - (srcDataMaskFloat == 1))

#                    srcDataMaskFloatData = srcDataMaskFloat * numpy.random.rand(srcHorizShape[0],srcHorizShape[1])*100
                    # interpolate mask
                    self.tool.apply(srcDataMaskFloat, dstDataMaskFloat,
                                    rootPe=rootPe, globalIndexing=True,
                                    srcDataMask=(1 - srcDataMaskFloat), **args)

                    if re.search('conserv', self.regridMethod.lower(), re.I):
                        # cell interpolation
                        dstMask = numpy.array(
                            (dstDataMaskFloat > 1 - EPS), numpy.int32)
                    else:
                        # nodal interpolation
                        dstMask = numpy.array(
                            (dstDataMaskFloat > 0), numpy.int32)

                # interpolate the data, using the appropriate tool
                self.tool.apply(indata, outdata, rootPe=rootPe,
                                globalIndexing=True,
                                srcDataMask=srcDataMaskFloat, **args)

#                import vcs
#                pp = vcs.init()
#                pp.plot(indata)
#                pp.interact()
#                pp.clear()
#                pp.plot(outdata)
#                pp.interact()
#                pp.clear()
                # apply missing value contribution
                if missingValue is not None:
                    # add mask contribution
                    outdata *= (1 - dstMask)
                    outdata += dstMask * missingValue

                # fill in dstData
                exec('dstData' + slce + ' = outdata')


[docs]    def getDstGrid(self):
        """
        Return the destination grid, may be different from the dst grid provided
        to the constructor due to domain decomposition

        Returns
        -------
        local grid on this processor
        """
        return self.tool.getDstGrid()


[docs]    def fillInDiagnosticData(self, diag, rootPe=None):
        """
        Fill in diagnostic data

        Parameters
        ----------

        diag : a dictionary whose entries, if present, will be filled entries are tool dependent

        rootPe : root processor where data should be gathered (or None if local areas are to be returned)
        """
        self.tool.fillInDiagnosticData(diag, rootPe=rootPe)
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  Source code for regrid2.mvLibCFRegrid

# This code is provided with the hope that it will be useful.
# No guarantee is provided whatsoever. Use at your own risk.
#
# David Kindig and Alex Pletzer, Tech-X Corp. (2012)


"""
LibCF regridding class

"""

from regrid2 import gsRegrid
from regrid2 import GenericRegrid


[docs]class LibCFRegrid(GenericRegrid):
    """
    """

    def __init__(self, srcGrid, dstGrid, srcGridMask=None,
                 srcBounds=None, **args):
        """
        Constructor

        Parameters
        ----------

            srcGrid
                array

            dstGrid
                array

            srcBounds
                cell boundaries

            **args keyword arguments, eg mkCyclic, handleCut, ...to be passed to gsRegrid
        """
        self.regridMethodStr = 'linear'
        self.mkCyclic = args.get('mkCyclic', False)
        self.handleCut = args.get('handleCut', False)
        self.verbose = args.get('verbose', False)
        self.regridObj = gsRegrid.Regrid(srcGrid, dstGrid,
                                         src_bounds=srcBounds,
                                         mkCyclic=self.mkCyclic,
                                         handleCut=self.handleCut)
        if srcGridMask is not None:
            self.regridObj.setMask(srcGridMask)

        # min resolution, required in order to set the tolerance (tolpos)
        self.delta = float('inf')
        for i in range(len(dstGrid)):
            coordMin = dstGrid[i].min()
            coordMax = dstGrid[i].max()
            n = max(dstGrid[i].shape)
            self.delta = min(self.delta, (coordMax - coordMin) / float(n))

[docs]    def computeWeights(self, **args):
        """
        Compute interpolation weights

        Parameters
        ----------

             **args arguments to be passed to gsRegrid, e.g. nitermax, tolpos, ...
        """
        nitermax = args.get('nitermax', 20)
        # make tolpos relative to the min cell size
        tolpos = args.get('tolpos', 0.01) * self.delta
        self.regridObj.computeWeights(nitermax=nitermax, tolpos=tolpos)


[docs]    def apply(self, srcData, dstData, missingValue=None, **args):
        """
        Regrid source to destination

        Parameters
        ----------
        srcData :
            array (input)
        dstData :
            array (output)
        missingValue :
            value that should be set for points falling outside
            the src domain, pass None if these should not be touched.
        """

        self.regridObj.apply(srcData, dstData, missingValue)


[docs]    def getSrcGrid(self):
        """
        Get the grid of the src data (maybe larger than the dst
        grid passed to the constructor due to column/row padding)

        Returns
        -------
            grid
        """
        return self.regridObj.getSrcGrid()


[docs]    def getDstGrid(self):
        """
        Get the grid of the dst data

        Returns
        -------
            grid
        """
        return self.regridObj.getDstGrid()


[docs]    def fillInDiagnosticData(self, diag, rootPe):
        """
        Fill in diagnostic data

        Parameters
        ----------

            diag
                a dictionary whose entries, if present, will be filled valid entries are: 'numDstPoints' and 'numValid'
            rootPe
                not used
        """
        for entry in 'numDstPoints', 'numValid':
            if entry in diag:
                meth = 'get' + entry[0].upper() + entry[1:]
                diag[entry] = eval('self.regridObj.' + meth + '()')
        diag['regridTool'] = 'libcf'
        diag['regridMethod'] = self.regridMethodStr
        diag['handleCut'] = self.handleCut
        diag['mkCyclic'] = self.mkCyclic
        diag['verbose'] = self.verbose
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  Source code for regrid2.pressure

# Automatically adapted for numpy.oldnumeric Aug 02, 2007 by
import cdms2
import numpy
# from . import _regrid
import regrid2._regrid as _regrid
from .error import RegridError
import copy


[docs]class PressureRegridder:
    """
    PURPOSE: To perform all the tasks required to regrid the input data into the ouput data along
             the pressure dimension only.

    PROCEDURE:
        Step One:
           Make an instance of class PressureRegridder passing it input and output grid information
        Step Two:
           Pass the input data with some descriptive parameters and get the output data
           in return
    """

    def __init__(self, axisIn, axisOut):
        """
        #-----------------------------------------------------------------------------------------------
        #
        #    PURPOSE: To make an instance which entails setting up the input and output grids
        #
        #    DEFINITION:
        #
        #             def __init__(self, levIn, levOut):
        #
        #    PROCEDURE:
        #
        #        The user must assemble two pieces of information:
        #
        #            axisIn -  the input level axis
        #
        #            axisOut -  the output level axis
        #
        #    USAGE:
        #
        #          To  make an instance preparing for a regrid along the level dimension pnly, type
        #
        #             r = PressureRegridder(levIn, levOut)
        #
        #------------------------------------------------------------------------------------------------
        """

        # ---  set the instance grid data attributes used to describe input and output grid sizes

        self.axisIn = axisIn
        self.axisOut = axisOut
        self.nlevi = len(axisIn)
        self.nlevo = len(axisOut)

    def __call__(self, ar, missing=None, order=None, method="log"):
        """
        Call the pressure regridder function.
        ar is the input array, a variable, masked array, or numpy array.
        missing is the missing data value, if any. It defaults to the missing/fill value
          defined for the input array, if any.
        order is of the form "tzyx", "tyx", etc.
        method is either 'log' to interpolate in the log of pressure, or 'linear' for linear interpolation.
        """

        from cdms2.avariable import AbstractVariable
        from cdms2.tvariable import TransientVariable

        # Save Variable metadata for output
        if isinstance(ar, AbstractVariable):
            attrs = copy.copy(ar.attributes)
            varid = ar.id
            axislist = ar.getAxisList()
            inputIsVariable = 1
            if order is None:
                order = ar.getOrder()
            # this expects contiguous arrays
            if isinstance(
                    ar, TransientVariable) and ar.iscontiguous() is False:
                ar = ar.ascontiguous()
        else:
            inputIsVariable = 0

        # Turn ar into a numpy array.
        if numpy.ma.isMaskedArray(ar):
            armiss = ar.fill_value
            ar = numpy.ma.filled(ar)
        elif isinstance(ar, AbstractVariable):
            tempar = ar.getValue(squeeze=0)
            armiss = ar.getMissing()
            ar = numpy.ma.filled(tempar)
        elif isinstance(ar, numpy.ndarray):
            armiss = None
        else:
            raise RegridError(
                "Input array is not a Variable, numpy.ma, or numpy array")

        # Set missing value
        if missing is None:
            missing = armiss
        if isinstance(missing, numpy.ndarray):
            missing = missing[0]

        rank = len(ar.shape)
        assert 3 <= rank <= 4, 'Array rank is %i, must be  3 or 4' % rank

        # Set the default order to match the input grid order
        if order is None:
            if rank == 3:
                order = "zyx"
            elif rank == 4:
                order = "tzyx"

        assert rank == len(
            order), 'Order must be same length as array rank: %i' % len(ar.shape)

        order = order.lower()

        # Map order to positionIn
        positionIn = [None] * 4
        for i in range(len(order)):
            if order[i] == 'x':
                positionIn[0] = i
            elif order[i] == 'y':
                positionIn[1] = i
            elif order[i] == 'z':
                positionIn[2] = i
                if inputIsVariable:
                    axislist[i] = self.axisOut
            else:
                positionIn[3] = i

        # Regrid
        if method == 'log':
            logYes = 'yes'
        else:
            logYes = 'no'
        outar = self.rgrd(ar, missing, 'greater', logYes, positionIn)

        # Reconstruct the same class as on input
        if inputIsVariable == 1:
            result = cdms2.createVariable(outar, fill_value=missing,
                                          axes=axislist, attributes=attrs, id=varid)
        else:
            result = numpy.ma.masked_array(outar, fill_value=missing)

        return result

[docs]    def rgrd(self, dataIn, missingValueIn, missingMatch,
             logYes='yes', positionIn=None, missingValueOut=None):
        """
        To perform all the tasks required to regrid the input data, dataIn, into the ouput data,
        dataout along the level dimension only.

        Parameters
        ----------
        dataIn : data to regrid

        missingValueIn : the missing data value to use in setting missing in the mask. It is required.
          * None -- there is no missing data
          * A number -- if  the value to use in the search for possible missing data.
            The presence of missing data at a grid point leads to recording 0.0 in the mask.

        missingMatch : the comparison scheme used in searching for missing data in dataIn using the value
        passed in as missingValueIn.
          * None -- used if None is the entry for missingValueIn
          * exact -- used if missingValue is the exact value from the file
          * greater -- the missing data value is equal to or greater than missingValueIn
          * less -- the missing data value is equal to or less than missingValueIn

        logYes : choose the level regrid as linear in log of level or linear in level.
          * Set to 'yes' for log. Anything else is linear in level.

        positionIn : a tuple with the numerical position of the dimensions
          * in C or Python order specified in the sequence longitude, latitude,
            level and time. Longitude and Latitude are required. If time is missing submit None in its
            slot in the tuple. Notice that the length of the tuple is
            always four.

            Explicitly, in terms of the shape of dataIn as returned by python's shape function

            positionIn[0] contains the position of longitude in dataIn
            positionIn[1] contains the position of latitude in dataIn
            positionIn[2] contains the position of level in dataIn or None
            positionIn[3] contains the position of time in dataIn or None

            If the c order shape of 4D data is
              * (number of longitudes, number of times, number of levels, number of latitudes)
            submit
                          * (0, 3, 2, 1).

            If the c order shape of 3D data is
              * (number of longitudes, number of times, number of latitudes)
            submit
              * (0, 2, 1, None).

            Send in None if the shape is a subset of (time, level, latitude, longitude) which is evaluated
            as follows:
                * 3D -- code assumes (2,1,0,None)
                * 4D -- code assumes (3,2,1,0)

        missingValueOut : the value for the missing data used in writing the output data.
            * If left at the default entry, None, the code uses missingValueIn
            * If present or as a last resort 1.0e20

        Returns
        -------
        dataOut : the regridded data

        Example
        -------

        To regrid dataIn into dataOut using all the defaults where None, None signifies no
        missing data.
            * dataOut = x.rgrd(dataIn, None, None)

        To regrid dataIn into dataOut using 1.0e20 and greater as the missing data
            * dataOut = x.rgrd(dataIn, 1.e20, 'greater')

        Note:  This code does not regrid cross sections which have a single dummy longitude value!
        """

        # check the required input -- dataIn, missingValueIn and  missingMatch

        # make sure that dataIn is an array

        try:
            len(dataIn)
        except TypeError:
            sendmsg('Error in calling the rgrd method -- dataIn must be an array')
            raise TypeError

        # check the missingValueIn pass

        if missingValueIn is not None:
            try:
                abs(missingValueIn)
            except TypeError:
                sendmsg(
                    'Error in calling the rgrd method -- missingvalueIn must be None or a number. Now it is  ',
                    missingValueIn)
                raise TypeError

        # check the missingMatch pass

        missingPossibilities = ['greater', 'equal', 'less', None]
        if missingMatch not in missingPossibilities:
            msg = 'Error in missingMatch -- it must be None or the string greater, equal, or less. Now it is '
            sendmsg(msg, missingMatch)
            raise ValueError

        # --- Check data type and change to float if necessary ----

        if dataIn.dtype.char != 'f':
            dataIn = dataIn.astype(numpy.float32)

        dataShape = dataIn.shape
        numberDim = len(dataShape)

        if numberDim < 2:
            msg = 'Error in call to rgrd -- data must have at least 2 dimensions'
            sendmsg(msg)
            raise TypeError

        # --- evaluate positionIn ----

        # --- make standard positionIn as a check----
        positionList = []
        for n in range(numberDim):              # insert a sequence of numbers
            positionList.append(n)
        positionList.reverse()

        for n in range(numberDim, 4):            # fill end of list with Nones
            positionList.append(None)

        positionCheck = tuple(positionList)

        standardPosition = 0                            # transpose required

        if positionIn is None:                          # construct the default positionIn tuple
            positionIn = positionCheck
            standardPosition = 1                        # no need for a transpose with this data
        else:
            if positionIn == positionCheck:             # compare to the standard
                standardPosition = 1                    # no need for a transpose with this data

        if len(positionIn) != 4:
            msg = 'Error in call to rgrd -- positionIn must be a tuple of length 4'
            sendmsg(msg)
            raise TypeError

        # transpose data to the standard order (t,z,y,x)
        if standardPosition == 0:

            newOrder, inverseOrder = checkorder(positionIn)

            # transpose data to standard order (t,z,y,x)
            dataIn = numpy.transpose(dataIn, newOrder)
            dataIn = numpy.array(
                dataIn.astype(
                    numpy.float32),
                numpy.float32)       # make contiguous

        # set dimension sizes and check for consistency

        if positionIn[0] is not None:
            self.nlon = (dataShape[positionIn[0]])
        else:
            self.nlon = 0
        if positionIn[1] is not None:
            self.nlat = (dataShape[positionIn[1]])
        else:
            self.nlat = 0
        if positionIn[2] is not None:
            if self.nlevi != (dataShape[positionIn[2]]):
                msg = 'Level size is inconsistent with input data'
                sendmsg(msg)
                raise ValueError
        if positionIn[3] is not None:
            self.ntime = (dataShape[positionIn[3]])
        else:
            self.ntime = 0

        # allocate memory for dataOut -- the array with new number of levels

        outList = list(dataIn.shape)

        for i in range(len(outList)):
            if outList[i] == self.nlevi:
                outList[i] = self.nlevo
                break

        dataOut = numpy.zeros(
            tuple(outList),
            numpy.float32)                      # memory for aout

        if missingMatch is None:                                                # if no missing do not pass None
            missingMatch = 'none'

        # if no missing do not pass None
        if missingValueIn is None:
            missingValueIn = 1.333e33

        if logYes != 'yes':
            logYes = 'no'

        levIn = self.axisIn[:].astype(numpy.float64)
        levOut = self.axisOut[:].astype(numpy.float64)
        _regrid.rgdpressure(
            self.nlevi,
            self.nlevo,
            self.nlat,
            self.nlon,
            self.ntime,
            missingValueIn,
            missingMatch,
            logYes,
            levIn,
            levOut,
            dataIn,
            dataOut)

        # if no missing do not pass None
        if missingMatch == 'none':
            missingMatch = None
        if missingValueIn == 1.333e33:
            missingValueIn = None

        if standardPosition == 0:
            # transpose data to original order
            dataOut = numpy.transpose(dataOut, inverseOrder)
            dataOut = numpy.array(
                dataOut.astype(
                    numpy.float32),
                numpy.float32)            # make contiguous

        if missingValueOut is not None:                # set the missing value in data to missingValueOut

            if missingMatch == 'greater':
                if missingValueIn > 0.0:
                    missing = 0.99 * missingValueIn
                else:
                    missing = 1.01 * missingValueIn

                dataOut = numpy.where(
                    numpy.greater(
                        dataOut,
                        missing),
                    missingValueOut,
                    dataOut)

            elif missingMatch == 'equal':
                missing = missingValueIn
                dataOut = numpy.where(
                    numpy.equal(
                        dataOut,
                        missing),
                    missingValueOut,
                    dataOut)

            elif missingMatch == 'less':
                if missingValueIn < 0.0:
                    missing = 0.99 * missingValueIn
                else:
                    missing = 1.01 * missingValueIn

                dataOut = numpy.where(
                    numpy.less(
                        dataOut,
                        missing),
                    missingValueOut,
                    dataOut)

        return dataOut




[docs]def checkorder(positionIn):
    """
    Purpose :

        construct the tuples for transposing the data to standard dimension
        order and the inverse for transposing it back to the original dimension order

    Usage :

        newOrder, inverseOrder = checkorder(positionIn)

    Passed :

        positionIn -- array with location of longitude, latitude. level and time
        respectively in the sense of the python shape of the data

    Returns
    -------
    newOrder : tuple to transpose data to the order (t,z,y,x)

   inverseOrder : tuple to transpose data to back to the original order

    """

    # remove the None values from positionIn and reverse the order

    reducedPosition = []
    for item in positionIn:
        if item is not None:
            reducedPosition.append(item)
    reducedPosition.reverse()

    # make the newOrder tuple

    newOrder = tuple(reducedPosition)

    # -----  Determine the inverse to this new order for use in mathtogeo -----

    xform = []
    for i in range(len(newOrder)):
        xform.append([newOrder[i], i])
    xform.sort()

    inverse_shapelist = []
    for item in xform:
        inverse_shapelist.append(item[1])
    inverseOrder = tuple(inverse_shapelist)

    return newOrder, inverseOrder



[docs]def sendmsg(msg, value1=None, value2=None):
    """
    Purpose :

         send the same message to the screen

    Passed :

         msg - the string

         value - the number associated with the string

    Returns
    -------
    return

   """

    print('*******************************************************************')
    if value1 is None:
        print(msg)
    elif value2 is None:
        print((msg, value1))
    else:
        print((msg, value1, value2))
    print('*******************************************************************')

    return None
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  Source code for regrid2.scrip

# Automatically adapted for numpy.oldnumeric Aug 02, 2007 by

import cdms2
# from . import _scrip
import regrid2._scrip as _scrip
from .error import RegridError
import numpy
from functools import reduce

"""Regrid support for nonrectangular grids, based on the SCRIP package."""


[docs]class ScripRegridder:

    def __init__(self, outputGrid, remapMatrix, sourceAddress,
                 destAddress, inputGrid=None, sourceFrac=None, destFrac=None):
        self.outputGrid = outputGrid
        self.remapMatrix = remapMatrix
        self.sourceAddress = sourceAddress
        self.destAddress = destAddress
        self.inputGrid = inputGrid
        self.sourceFrac = sourceFrac
        self.destFrac = destFrac

    def __call__(self, input):

        import numpy.ma
        from cdms2 import isVariable
        from cdms2.tvariable import TransientVariable

        # If input is a variable, make it a TV
        if isVariable(input) and not isinstance(input, TransientVariable):
            input = input.subSlice()

        isvar = isinstance(input, TransientVariable)

        if isvar:
            domain = tuple(input.getAxisList())
            if self.inputGrid is not None:
                ingrid = self.inputGrid
            else:
                ingrid = input.getGrid()
            if ingrid is None:
                raise RegridError(
                    "Input variable must have an associated grid.")
            rank = len(ingrid.shape)
            gridsize = ingrid.size()
            outgridshape = self.outputGrid.shape

            # Check that the grid matches the last dimension(s) of input
            if input.shape[-rank:] != ingrid.shape:
                raise RegridError(
                    'Last dimensions of input array must match grid shape: %s' %
                    repr(
                        ingrid.shape))
            # this expects contiguous arrays
            if input.iscontiguous() is False:
                input = input.ascontiguous()

        else:
            rank = 1                    # If not a TV, last dimension is the 'cell' dimension
            gridsize = input.shape[-1]
            outgridshape = (
                reduce(
                    lambda x,
                    y: x * y,
                    self.outputGrid.shape,
                    1),
            )

        # If input is an numpy.ma, make it Numeric
        if numpy.ma.isMaskedArray(input):
            input = input.filled()

        restoreShape = input.shape[:-rank]
        restoreLen = reduce(lambda x, y: x * y, restoreShape, 1)
        oldshape = input.shape
        newshape = (restoreLen, gridsize)
        input.shape = newshape

        # Regrid
        output = self.regrid(input)

        # Reshape output and restore input shape
        input.shape = oldshape
        outshape = restoreShape + outgridshape
        output.shape = outshape

        # If the input was a variable, so is the output
        if isvar:
            outdomain = domain[:-rank] + (self.outputGrid,)
            output = TransientVariable(output, axes=outdomain)

        return output

[docs]    def getOutputGrid(self):
        return self.outputGrid


[docs]    def getInputGrid(self):
        return self.inputGrid


[docs]    def getSourceFraction(self):
        return self.sourceFrac


[docs]    def getDestinationFraction(self):
        return self.destFrac




[docs]class ConservativeRegridder(ScripRegridder):
    """First-order conservative regrid.

           By default, the normalize option ="fracarea", and array 'normal' is not specified.

               If 'normal' is specified, it should be a one-dimensional array of the same length
               as the output grid size, with values:

                   1.0 for normalize="fracarea",

                   grid_frac for normalize="destarea", or

                   grid_frac*grid_area for normalize="none".

       Parameters
       ----------

          sourceArea

              is the area of the source grid cells

          destArea

              is the area of the destination grid cells
    """

    def __init__(self, outputGrid, remapMatrix, sourceAddress, destAddress, inputGrid=None,
                 sourceFrac=None, destFrac=None, normalize="fracarea", normal=None, sourceArea=None, destArea=None):
        if normalize not in ["fracarea", "destarea", "none"]:
            raise RegridError("Invalid normalization option: %s" % normalize)
        ScripRegridder.__init__(
            self,
            outputGrid,
            remapMatrix,
            sourceAddress,
            destAddress,
            inputGrid=inputGrid,
            sourceFrac=sourceFrac,
            destFrac=destFrac)
        self.normalize = normalize
        self.normal = None
        self.sourceArea = sourceArea
        self.destArea = destArea

[docs]    def getSourceArea(self):
        return self.sourceArea


[docs]    def getDestinationArea(self):
        return self.destArea


[docs]    def regrid(self, input):
        """
        call regridder
        """
        if self.normal is None:
            # print "On input, num_links = %d"%(len(self.sourceAddress))
            # print "On input, nextra = %d"%(input.shape[0])
            # print "On input, ninput = %d"%(input.shape[1])
            # print "On input, noutput = %d"%(self.outputGrid.size())
            # print "On input, shape(input) = %s"%`input.shape`
            # print "On input, shape(output) = %s"%`self.outputGrid.shape`
            # print "On input, shape(remap_matrix) = %s"%`self.remapMatrix.shape`
            # print "On input, shape(src_address) = %s"%`self.sourceAddress.shape`
            # print "On input, shape(dst_address) =
            # %s"%`self.destAddress.shape`
            result = _scrip.conserv_regrid(
                self.outputGrid.size(),
                input,
                self.remapMatrix,
                self.sourceAddress,
                self.destAddress)
        else:
            result = _scrip.conserv_regrid_normal(
                self.outputGrid.size(),
                input,
                self.remapMatrix,
                self.sourceAddress,
                self.destAddress,
                self.normal)
        return result




[docs]class BilinearRegridder(ScripRegridder):

    def __init__(self, outputGrid, remapMatrix, sourceAddress,
                 destAddress, inputGrid=None, sourceFrac=None, destFrac=None):
        ScripRegridder.__init__(
            self,
            outputGrid,
            remapMatrix,
            sourceAddress,
            destAddress,
            inputGrid=inputGrid,
            sourceFrac=sourceFrac,
            destFrac=destFrac)

[docs]    def regrid(self, input):
        result = _scrip.bilinear_regrid(
            self.outputGrid.size(),
            input,
            self.remapMatrix,
            self.sourceAddress,
            self.destAddress)
        return result




[docs]class BicubicRegridder(ScripRegridder):
    """Bicubic regrid.

        Parameters
        ----------
            gradLat:
                df/di

            gradLon:
                df/dj

            gradLatlon:
                d(df)/(di)(dj)
    """

    def __init__(self, outputGrid, remapMatrix, sourceAddress,
                 destAddress, inputGrid=None, sourceFrac=None, destFrac=None):
        ScripRegridder.__init__(
            self,
            outputGrid,
            remapMatrix,
            sourceAddress,
            destAddress,
            inputGrid=inputGrid,
            sourceFrac=sourceFrac,
            destFrac=destFrac)

    def __call__(self, input, gradLat, gradLon, gradLatlon):

        import numpy.ma
        from cdms2 import isVariable
        from cdms2.tvariable import TransientVariable

        if (gradLat.shape != input.shape or
            gradLon.shape != input.shape or
                gradLatlon.shape != input.shape):
            raise RegridError(
                "All input arrays must have shape %s" %
                repr(
                    input.shape))

        if (not isinstance(gradLat, type(input)) or
            not isinstance(gradLon, type(input)) or
                not isinstance(gradLatlon, type(input))):
            raise RegridError(
                "All input arrays must have type %s" %
                repr(
                    type(input)))

        # If input is a variable, make it a TV
        if isVariable(input) and not isinstance(input, TransientVariable):
            input = input.subSlice()
            gradLat = gradLat.subSlice()
            gradLon = gradLon.subSlice()
            gradLatlon = gradLatlon.subSlice()

        isvar = isinstance(input, TransientVariable)

        if isvar:
            domain = tuple(input.getAxisList())
            if self.inputGrid is not None:
                ingrid = self.inputGrid
            else:
                ingrid = input.getGrid()
            if ingrid is None:
                raise RegridError(
                    "Input variable must have an associated grid.")
            rank = len(ingrid.shape)
            gridsize = ingrid.size()
            outgridshape = self.outputGrid.shape

            # Check that the grid matches the last dimension(s) of input
            if input.shape[-rank:] != ingrid.shape:
                raise RegridError(
                    'Last dimensions of input array must match grid shape: %s' %
                    repr(
                        ingrid.shape))

        else:
            rank = 1                    # If not a TV, last dimension is the 'cell' dimension
            gridsize = input.shape[-1]
            outgridshape = (
                reduce(
                    lambda x,
                    y: x * y,
                    self.outputGrid.shape,
                    1),
            )

        # If input is an numpy.ma, make it Numeric
        if numpy.ma.isMaskedArray(input):
            input = input.filled()
            gradLat = gradLat.filled()
            gradLon = gradLon.filled()
            gradLatlon = gradLatlon.filled()

        restoreShape = input.shape[:-rank]
        restoreLen = reduce(lambda x, y: x * y, restoreShape, 1)
        oldshape = input.shape
        newshape = (restoreLen, gridsize)
        input.shape = newshape
        gradLat.shape = newshape
        gradLon.shape = newshape
        gradLatlon.shape = newshape

        # Regrid
        output = _scrip.bicubic_regrid(
            self.outputGrid.size(),
            input,
            self.remapMatrix,
            self.sourceAddress,
            self.destAddress,
            gradLat,
            gradLon,
            gradLatlon)

        # Reshape output and restore input shape
        input.shape = oldshape
        gradLat.shape = oldshape
        gradLon.shape = oldshape
        gradLatlon.shape = oldshape
        outshape = restoreShape + outgridshape
        output.shape = outshape

        # If the input was a variable, so is the output
        if isvar:
            outdomain = domain[:-rank] + (self.outputGrid,)
            output = TransientVariable(output, axes=outdomain)

        return output



[docs]class DistwgtRegridder(ScripRegridder):

    def __init__(self, outputGrid, remapMatrix, sourceAddress,
                 destAddress, inputGrid=None, sourceFrac=None, destFrac=None):
        ScripRegridder.__init__(
            self,
            outputGrid,
            remapMatrix,
            sourceAddress,
            destAddress,
            inputGrid=inputGrid,
            sourceFrac=sourceFrac,
            destFrac=destFrac)

[docs]    def regrid(self, input):
        result = _scrip.distwgt_regrid(
            self.outputGrid.size(),
            input,
            self.remapMatrix,
            self.sourceAddress,
            self.destAddress)
        return result




[docs]def readRegridder(fileobj, mapMethod=None, checkGrid=1):
    """Read a regridder from an open fileobj.

       Parameters
       ----------

       mapMethod : is one of "conservative", "bilinear", "bicubic", or "distwgt".

           If unspecified, it defaults to the method defined in the file.

           If 'checkGrid' is 1 (default), the grid cells are checked for convexity,
           and 'repaired' if necessary.

    """

    if isinstance(fileobj, str):
        fileobj = cdms2.open(fileobj)
    elif not isinstance(fileobj, cdms2.dataset.CdmsFile):
        raise RegridError(
            "fileobj arguments must be a cdms2 file or a string pointing to a file")

    if mapMethod is None:
        mapString = fileobj.map_method.strip().lower()
        if mapString[0:12] == "conservative":
            mapMethod = "conservative"
        elif mapString[0:8] == "bilinear":
            mapMethod = "bilinear"
        elif mapString[0:7] == "bicubic":
            mapMethod = "bicubic"
        elif mapString[0:8] == "distance" or mapString[0:7] == "distwgt":
            mapMethod = "distwgt"
        else:
            raise RegridError("Unrecognized map method: %s" % mapString)

    convention = 'SCRIP'
    if list(fileobj.variables.keys()).count('S'):
        convention = 'NCAR'
    if convention == 'SCRIP':
        remapMatrix = fileobj('remap_matrix').filled()
        srcAddress = fileobj('src_address').filled()
        dstAddress = fileobj('dst_address').filled()
        srcfrac = fileobj('src_grid_frac')
        dstfrac = fileobj('dst_grid_frac')
    else:
        remapMatrix = fileobj('S').filled()
        srcAddress = fileobj('col').filled()
        dstAddress = fileobj('row').filled()
        srcfrac = fileobj('frac_a')
        dstfrac = fileobj('frac_b')
    ingrid = fileobj.readScripGrid(whichGrid="source", checkGrid=checkGrid)
    outgrid = fileobj.readScripGrid(
        whichGrid="destination",
        checkGrid=checkGrid)

    if mapMethod == "conservative":
        if convention == 'SCRIP':
            srcarea = fileobj('src_grid_area')
            dstarea = fileobj('dst_grid_area')
        else:  # NCAR stuff
            if "S2" in list(fileobj.variables.keys()):
                remapMatrix = fileobj("S2")
                sh = list(remapMatrix.shape)
                if len(sh) == 2 and sh[-1] == 2:
                    sh[-1] = 1
                    S = fileobj("S").filled()
                    S.shape = sh
                    remapMatrix = numpy.concatenate((S, remapMatrix), axis=1)
            srcarea = fileobj('area_a')
            dstarea = fileobj('area_b')
        regridder = ConservativeRegridder(
            outgrid,
            remapMatrix,
            srcAddress,
            dstAddress,
            inputGrid=ingrid,
            sourceFrac=srcfrac,
            destFrac=dstfrac,
            sourceArea=srcarea,
            destArea=dstarea)
    elif mapMethod == "bilinear":
        regridder = BilinearRegridder(
            outgrid,
            remapMatrix,
            srcAddress,
            dstAddress,
            inputGrid=ingrid,
            sourceFrac=srcfrac,
            destFrac=dstfrac)
    elif mapMethod == "bicubic":
        regridder = BicubicRegridder(
            outgrid,
            remapMatrix,
            srcAddress,
            dstAddress,
            inputGrid=ingrid,
            sourceFrac=srcfrac,
            destFrac=dstfrac)
    elif mapMethod == "distwgt":
        regridder = DistwgtRegridder(
            outgrid,
            remapMatrix,
            srcAddress,
            dstAddress,
            inputGrid=ingrid,
            sourceFrac=srcfrac,
            destFrac=dstfrac)
    else:
        raise RegridError("Unrecognized map method: %s" % mapMethod)

    return regridder
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  Source code for urllib.parse

"""Parse (absolute and relative) URLs.

urlparse module is based upon the following RFC specifications.

RFC 3986 (STD66): "Uniform Resource Identifiers" by T. Berners-Lee, R. Fielding
and L.  Masinter, January 2005.

RFC 2732 : "Format for Literal IPv6 Addresses in URL's by R.Hinden, B.Carpenter
and L.Masinter, December 1999.

RFC 2396:  "Uniform Resource Identifiers (URI)": Generic Syntax by T.
Berners-Lee, R. Fielding, and L. Masinter, August 1998.

RFC 2368: "The mailto URL scheme", by P.Hoffman , L Masinter, J. Zawinski, July 1998.

RFC 1808: "Relative Uniform Resource Locators", by R. Fielding, UC Irvine, June
1995.

RFC 1738: "Uniform Resource Locators (URL)" by T. Berners-Lee, L. Masinter, M.
McCahill, December 1994

RFC 3986 is considered the current standard and any future changes to
urlparse module should conform with it.  The urlparse module is
currently not entirely compliant with this RFC due to defacto
scenarios for parsing, and for backward compatibility purposes, some
parsing quirks from older RFCs are retained. The testcases in
test_urlparse.py provides a good indicator of parsing behavior.
"""

import re
import sys
import collections
import warnings

__all__ = ["urlparse", "urlunparse", "urljoin", "urldefrag",
           "urlsplit", "urlunsplit", "urlencode", "parse_qs",
           "parse_qsl", "quote", "quote_plus", "quote_from_bytes",
           "unquote", "unquote_plus", "unquote_to_bytes",
           "DefragResult", "ParseResult", "SplitResult",
           "DefragResultBytes", "ParseResultBytes", "SplitResultBytes"]

# A classification of schemes.
# The empty string classifies URLs with no scheme specified,
# being the default value returned by “urlsplit” and “urlparse”.

uses_relative = ['', 'ftp', 'http', 'gopher', 'nntp', 'imap',
                 'wais', 'file', 'https', 'shttp', 'mms',
                 'prospero', 'rtsp', 'rtspu', 'sftp',
                 'svn', 'svn+ssh', 'ws', 'wss']

uses_netloc = ['', 'ftp', 'http', 'gopher', 'nntp', 'telnet',
               'imap', 'wais', 'file', 'mms', 'https', 'shttp',
               'snews', 'prospero', 'rtsp', 'rtspu', 'rsync',
               'svn', 'svn+ssh', 'sftp', 'nfs', 'git', 'git+ssh',
               'ws', 'wss']

uses_params = ['', 'ftp', 'hdl', 'prospero', 'http', 'imap',
               'https', 'shttp', 'rtsp', 'rtspu', 'sip', 'sips',
               'mms', 'sftp', 'tel']

# These are not actually used anymore, but should stay for backwards
# compatibility.  (They are undocumented, but have a public-looking name.)

non_hierarchical = ['gopher', 'hdl', 'mailto', 'news',
                    'telnet', 'wais', 'imap', 'snews', 'sip', 'sips']

uses_query = ['', 'http', 'wais', 'imap', 'https', 'shttp', 'mms',
              'gopher', 'rtsp', 'rtspu', 'sip', 'sips']

uses_fragment = ['', 'ftp', 'hdl', 'http', 'gopher', 'news',
                 'nntp', 'wais', 'https', 'shttp', 'snews',
                 'file', 'prospero']

# Characters valid in scheme names
scheme_chars = ('abcdefghijklmnopqrstuvwxyz'
                'ABCDEFGHIJKLMNOPQRSTUVWXYZ'
                '0123456789'
                '+-.')

# XXX: Consider replacing with functools.lru_cache
MAX_CACHE_SIZE = 20
_parse_cache = {}

def clear_cache():
    """Clear the parse cache and the quoters cache."""
    _parse_cache.clear()
    _safe_quoters.clear()


# Helpers for bytes handling
# For 3.2, we deliberately require applications that
# handle improperly quoted URLs to do their own
# decoding and encoding. If valid use cases are
# presented, we may relax this by using latin-1
# decoding internally for 3.3
_implicit_encoding = 'ascii'
_implicit_errors = 'strict'

def _noop(obj):
    return obj

def _encode_result(obj, encoding=_implicit_encoding,
                        errors=_implicit_errors):
    return obj.encode(encoding, errors)

def _decode_args(args, encoding=_implicit_encoding,
                       errors=_implicit_errors):
    return tuple(x.decode(encoding, errors) if x else '' for x in args)

def _coerce_args(*args):
    # Invokes decode if necessary to create str args
    # and returns the coerced inputs along with
    # an appropriate result coercion function
    #   - noop for str inputs
    #   - encoding function otherwise
    str_input = isinstance(args[0], str)
    for arg in args[1:]:
        # We special-case the empty string to support the
        # "scheme=''" default argument to some functions
        if arg and isinstance(arg, str) != str_input:
            raise TypeError("Cannot mix str and non-str arguments")
    if str_input:
        return args + (_noop,)
    return _decode_args(args) + (_encode_result,)

# Result objects are more helpful than simple tuples
class _ResultMixinStr(object):
    """Standard approach to encoding parsed results from str to bytes"""
    __slots__ = ()

    def encode(self, encoding='ascii', errors='strict'):
        return self._encoded_counterpart(*(x.encode(encoding, errors) for x in self))


class _ResultMixinBytes(object):
    """Standard approach to decoding parsed results from bytes to str"""
    __slots__ = ()

    def decode(self, encoding='ascii', errors='strict'):
        return self._decoded_counterpart(*(x.decode(encoding, errors) for x in self))


class _NetlocResultMixinBase(object):
    """Shared methods for the parsed result objects containing a netloc element"""
    __slots__ = ()

    @property
    def username(self):
        return self._userinfo[0]

    @property
    def password(self):
        return self._userinfo[1]

    @property
    def hostname(self):
        hostname = self._hostinfo[0]
        if not hostname:
            return None
        # Scoped IPv6 address may have zone info, which must not be lowercased
        # like http://[fe80::822a:a8ff:fe49:470c%tESt]:1234/keys
        separator = '%' if isinstance(hostname, str) else b'%'
        hostname, percent, zone = hostname.partition(separator)
        return hostname.lower() + percent + zone

    @property
    def port(self):
        port = self._hostinfo[1]
        if port is not None:
            try:
                port = int(port, 10)
            except ValueError:
                message = f'Port could not be cast to integer value as {port!r}'
                raise ValueError(message) from None
            if not ( 0 <= port <= 65535):
                raise ValueError("Port out of range 0-65535")
        return port


class _NetlocResultMixinStr(_NetlocResultMixinBase, _ResultMixinStr):
    __slots__ = ()

    @property
    def _userinfo(self):
        netloc = self.netloc
        userinfo, have_info, hostinfo = netloc.rpartition('@')
        if have_info:
            username, have_password, password = userinfo.partition(':')
            if not have_password:
                password = None
        else:
            username = password = None
        return username, password

    @property
    def _hostinfo(self):
        netloc = self.netloc
        _, _, hostinfo = netloc.rpartition('@')
        _, have_open_br, bracketed = hostinfo.partition('[')
        if have_open_br:
            hostname, _, port = bracketed.partition(']')
            _, _, port = port.partition(':')
        else:
            hostname, _, port = hostinfo.partition(':')
        if not port:
            port = None
        return hostname, port


class _NetlocResultMixinBytes(_NetlocResultMixinBase, _ResultMixinBytes):
    __slots__ = ()

    @property
    def _userinfo(self):
        netloc = self.netloc
        userinfo, have_info, hostinfo = netloc.rpartition(b'@')
        if have_info:
            username, have_password, password = userinfo.partition(b':')
            if not have_password:
                password = None
        else:
            username = password = None
        return username, password

    @property
    def _hostinfo(self):
        netloc = self.netloc
        _, _, hostinfo = netloc.rpartition(b'@')
        _, have_open_br, bracketed = hostinfo.partition(b'[')
        if have_open_br:
            hostname, _, port = bracketed.partition(b']')
            _, _, port = port.partition(b':')
        else:
            hostname, _, port = hostinfo.partition(b':')
        if not port:
            port = None
        return hostname, port


from collections import namedtuple

_DefragResultBase = namedtuple('DefragResult', 'url fragment')
_SplitResultBase = namedtuple(
    'SplitResult', 'scheme netloc path query fragment')
_ParseResultBase = namedtuple(
    'ParseResult', 'scheme netloc path params query fragment')

_DefragResultBase.__doc__ = """
DefragResult(url, fragment)

A 2-tuple that contains the url without fragment identifier and the fragment
identifier as a separate argument.
"""

_DefragResultBase.url.__doc__ = """The URL with no fragment identifier."""

_DefragResultBase.fragment.__doc__ = """
Fragment identifier separated from URL, that allows indirect identification of a
secondary resource by reference to a primary resource and additional identifying
information.
"""

_SplitResultBase.__doc__ = """
SplitResult(scheme, netloc, path, query, fragment)

A 5-tuple that contains the different components of a URL. Similar to
ParseResult, but does not split params.
"""

_SplitResultBase.scheme.__doc__ = """Specifies URL scheme for the request."""

_SplitResultBase.netloc.__doc__ = """
Network location where the request is made to.
"""

_SplitResultBase.path.__doc__ = """
The hierarchical path, such as the path to a file to download.
"""

_SplitResultBase.query.__doc__ = """
The query component, that contains non-hierarchical data, that along with data
in path component, identifies a resource in the scope of URI's scheme and
network location.
"""

_SplitResultBase.fragment.__doc__ = """
Fragment identifier, that allows indirect identification of a secondary resource
by reference to a primary resource and additional identifying information.
"""

_ParseResultBase.__doc__ = """
ParseResult(scheme, netloc, path, params, query, fragment)

A 6-tuple that contains components of a parsed URL.
"""

_ParseResultBase.scheme.__doc__ = _SplitResultBase.scheme.__doc__
_ParseResultBase.netloc.__doc__ = _SplitResultBase.netloc.__doc__
_ParseResultBase.path.__doc__ = _SplitResultBase.path.__doc__
_ParseResultBase.params.__doc__ = """
Parameters for last path element used to dereference the URI in order to provide
access to perform some operation on the resource.
"""

_ParseResultBase.query.__doc__ = _SplitResultBase.query.__doc__
_ParseResultBase.fragment.__doc__ = _SplitResultBase.fragment.__doc__


# For backwards compatibility, alias _NetlocResultMixinStr
# ResultBase is no longer part of the documented API, but it is
# retained since deprecating it isn't worth the hassle
ResultBase = _NetlocResultMixinStr

# Structured result objects for string data
class DefragResult(_DefragResultBase, _ResultMixinStr):
    __slots__ = ()
    def geturl(self):
        if self.fragment:
            return self.url + '#' + self.fragment
        else:
            return self.url

class SplitResult(_SplitResultBase, _NetlocResultMixinStr):
    __slots__ = ()
    def geturl(self):
        return urlunsplit(self)

class ParseResult(_ParseResultBase, _NetlocResultMixinStr):
    __slots__ = ()
    def geturl(self):
        return urlunparse(self)

# Structured result objects for bytes data
class DefragResultBytes(_DefragResultBase, _ResultMixinBytes):
    __slots__ = ()
    def geturl(self):
        if self.fragment:
            return self.url + b'#' + self.fragment
        else:
            return self.url

class SplitResultBytes(_SplitResultBase, _NetlocResultMixinBytes):
    __slots__ = ()
    def geturl(self):
        return urlunsplit(self)

class ParseResultBytes(_ParseResultBase, _NetlocResultMixinBytes):
    __slots__ = ()
    def geturl(self):
        return urlunparse(self)

# Set up the encode/decode result pairs
def _fix_result_transcoding():
    _result_pairs = (
        (DefragResult, DefragResultBytes),
        (SplitResult, SplitResultBytes),
        (ParseResult, ParseResultBytes),
    )
    for _decoded, _encoded in _result_pairs:
        _decoded._encoded_counterpart = _encoded
        _encoded._decoded_counterpart = _decoded

_fix_result_transcoding()
del _fix_result_transcoding

[docs]def urlparse(url, scheme='', allow_fragments=True):
    """Parse a URL into 6 components:
    <scheme>://<netloc>/<path>;<params>?<query>#<fragment>
    Return a 6-tuple: (scheme, netloc, path, params, query, fragment).
    Note that we don't break the components up in smaller bits
    (e.g. netloc is a single string) and we don't expand % escapes."""
    url, scheme, _coerce_result = _coerce_args(url, scheme)
    splitresult = urlsplit(url, scheme, allow_fragments)
    scheme, netloc, url, query, fragment = splitresult
    if scheme in uses_params and ';' in url:
        url, params = _splitparams(url)
    else:
        params = ''
    result = ParseResult(scheme, netloc, url, params, query, fragment)
    return _coerce_result(result)


def _splitparams(url):
    if '/'  in url:
        i = url.find(';', url.rfind('/'))
        if i < 0:
            return url, ''
    else:
        i = url.find(';')
    return url[:i], url[i+1:]

def _splitnetloc(url, start=0):
    delim = len(url)   # position of end of domain part of url, default is end
    for c in '/?#':    # look for delimiters; the order is NOT important
        wdelim = url.find(c, start)        # find first of this delim
        if wdelim >= 0:                    # if found
            delim = min(delim, wdelim)     # use earliest delim position
    return url[start:delim], url[delim:]   # return (domain, rest)

def _checknetloc(netloc):
    if not netloc or netloc.isascii():
        return
    # looking for characters like \u2100 that expand to 'a/c'
    # IDNA uses NFKC equivalence, so normalize for this check
    import unicodedata
    n = netloc.replace('@', '')   # ignore characters already included
    n = n.replace(':', '')        # but not the surrounding text
    n = n.replace('#', '')
    n = n.replace('?', '')
    netloc2 = unicodedata.normalize('NFKC', n)
    if n == netloc2:
        return
    for c in '/?#@:':
        if c in netloc2:
            raise ValueError("netloc '" + netloc + "' contains invalid " +
                             "characters under NFKC normalization")

def urlsplit(url, scheme='', allow_fragments=True):
    """Parse a URL into 5 components:
    <scheme>://<netloc>/<path>?<query>#<fragment>
    Return a 5-tuple: (scheme, netloc, path, query, fragment).
    Note that we don't break the components up in smaller bits
    (e.g. netloc is a single string) and we don't expand % escapes."""
    url, scheme, _coerce_result = _coerce_args(url, scheme)
    allow_fragments = bool(allow_fragments)
    key = url, scheme, allow_fragments, type(url), type(scheme)
    cached = _parse_cache.get(key, None)
    if cached:
        return _coerce_result(cached)
    if len(_parse_cache) >= MAX_CACHE_SIZE: # avoid runaway growth
        clear_cache()
    netloc = query = fragment = ''
    i = url.find(':')
    if i > 0:
        if url[:i] == 'http': # optimize the common case
            url = url[i+1:]
            if url[:2] == '//':
                netloc, url = _splitnetloc(url, 2)
                if (('[' in netloc and ']' not in netloc) or
                        (']' in netloc and '[' not in netloc)):
                    raise ValueError("Invalid IPv6 URL")
            if allow_fragments and '#' in url:
                url, fragment = url.split('#', 1)
            if '?' in url:
                url, query = url.split('?', 1)
            _checknetloc(netloc)
            v = SplitResult('http', netloc, url, query, fragment)
            _parse_cache[key] = v
            return _coerce_result(v)
        for c in url[:i]:
            if c not in scheme_chars:
                break
        else:
            # make sure "url" is not actually a port number (in which case
            # "scheme" is really part of the path)
            rest = url[i+1:]
            if not rest or any(c not in '0123456789' for c in rest):
                # not a port number
                scheme, url = url[:i].lower(), rest

    if url[:2] == '//':
        netloc, url = _splitnetloc(url, 2)
        if (('[' in netloc and ']' not in netloc) or
                (']' in netloc and '[' not in netloc)):
            raise ValueError("Invalid IPv6 URL")
    if allow_fragments and '#' in url:
        url, fragment = url.split('#', 1)
    if '?' in url:
        url, query = url.split('?', 1)
    _checknetloc(netloc)
    v = SplitResult(scheme, netloc, url, query, fragment)
    _parse_cache[key] = v
    return _coerce_result(v)

[docs]def urlunparse(components):
    """Put a parsed URL back together again.  This may result in a
    slightly different, but equivalent URL, if the URL that was parsed
    originally had redundant delimiters, e.g. a ? with an empty query
    (the draft states that these are equivalent)."""
    scheme, netloc, url, params, query, fragment, _coerce_result = (
                                                  _coerce_args(*components))
    if params:
        url = "%s;%s" % (url, params)
    return _coerce_result(urlunsplit((scheme, netloc, url, query, fragment)))


def urlunsplit(components):
    """Combine the elements of a tuple as returned by urlsplit() into a
    complete URL as a string. The data argument can be any five-item iterable.
    This may result in a slightly different, but equivalent URL, if the URL that
    was parsed originally had unnecessary delimiters (for example, a ? with an
    empty query; the RFC states that these are equivalent)."""
    scheme, netloc, url, query, fragment, _coerce_result = (
                                          _coerce_args(*components))
    if netloc or (scheme and scheme in uses_netloc and url[:2] != '//'):
        if url and url[:1] != '/': url = '/' + url
        url = '//' + (netloc or '') + url
    if scheme:
        url = scheme + ':' + url
    if query:
        url = url + '?' + query
    if fragment:
        url = url + '#' + fragment
    return _coerce_result(url)

def urljoin(base, url, allow_fragments=True):
    """Join a base URL and a possibly relative URL to form an absolute
    interpretation of the latter."""
    if not base:
        return url
    if not url:
        return base

    base, url, _coerce_result = _coerce_args(base, url)
    bscheme, bnetloc, bpath, bparams, bquery, bfragment = \
            urlparse(base, '', allow_fragments)
    scheme, netloc, path, params, query, fragment = \
            urlparse(url, bscheme, allow_fragments)

    if scheme != bscheme or scheme not in uses_relative:
        return _coerce_result(url)
    if scheme in uses_netloc:
        if netloc:
            return _coerce_result(urlunparse((scheme, netloc, path,
                                              params, query, fragment)))
        netloc = bnetloc

    if not path and not params:
        path = bpath
        params = bparams
        if not query:
            query = bquery
        return _coerce_result(urlunparse((scheme, netloc, path,
                                          params, query, fragment)))

    base_parts = bpath.split('/')
    if base_parts[-1] != '':
        # the last item is not a directory, so will not be taken into account
        # in resolving the relative path
        del base_parts[-1]

    # for rfc3986, ignore all base path should the first character be root.
    if path[:1] == '/':
        segments = path.split('/')
    else:
        segments = base_parts + path.split('/')
        # filter out elements that would cause redundant slashes on re-joining
        # the resolved_path
        segments[1:-1] = filter(None, segments[1:-1])

    resolved_path = []

    for seg in segments:
        if seg == '..':
            try:
                resolved_path.pop()
            except IndexError:
                # ignore any .. segments that would otherwise cause an IndexError
                # when popped from resolved_path if resolving for rfc3986
                pass
        elif seg == '.':
            continue
        else:
            resolved_path.append(seg)

    if segments[-1] in ('.', '..'):
        # do some post-processing here. if the last segment was a relative dir,
        # then we need to append the trailing '/'
        resolved_path.append('')

    return _coerce_result(urlunparse((scheme, netloc, '/'.join(
        resolved_path) or '/', params, query, fragment)))


def urldefrag(url):
    """Removes any existing fragment from URL.

    Returns a tuple of the defragmented URL and the fragment.  If
    the URL contained no fragments, the second element is the
    empty string.
    """
    url, _coerce_result = _coerce_args(url)
    if '#' in url:
        s, n, p, a, q, frag = urlparse(url)
        defrag = urlunparse((s, n, p, a, q, ''))
    else:
        frag = ''
        defrag = url
    return _coerce_result(DefragResult(defrag, frag))

_hexdig = '0123456789ABCDEFabcdef'
_hextobyte = None

def unquote_to_bytes(string):
    """unquote_to_bytes('abc%20def') -> b'abc def'."""
    # Note: strings are encoded as UTF-8. This is only an issue if it contains
    # unescaped non-ASCII characters, which URIs should not.
    if not string:
        # Is it a string-like object?
        string.split
        return b''
    if isinstance(string, str):
        string = string.encode('utf-8')
    bits = string.split(b'%')
    if len(bits) == 1:
        return string
    res = [bits[0]]
    append = res.append
    # Delay the initialization of the table to not waste memory
    # if the function is never called
    global _hextobyte
    if _hextobyte is None:
        _hextobyte = {(a + b).encode(): bytes.fromhex(a + b)
                      for a in _hexdig for b in _hexdig}
    for item in bits[1:]:
        try:
            append(_hextobyte[item[:2]])
            append(item[2:])
        except KeyError:
            append(b'%')
            append(item)
    return b''.join(res)

_asciire = re.compile('([\x00-\x7f]+)')

def unquote(string, encoding='utf-8', errors='replace'):
    """Replace %xx escapes by their single-character equivalent. The optional
    encoding and errors parameters specify how to decode percent-encoded
    sequences into Unicode characters, as accepted by the bytes.decode()
    method.
    By default, percent-encoded sequences are decoded with UTF-8, and invalid
    sequences are replaced by a placeholder character.

    unquote('abc%20def') -> 'abc def'.
    """
    if '%' not in string:
        string.split
        return string
    if encoding is None:
        encoding = 'utf-8'
    if errors is None:
        errors = 'replace'
    bits = _asciire.split(string)
    res = [bits[0]]
    append = res.append
    for i in range(1, len(bits), 2):
        append(unquote_to_bytes(bits[i]).decode(encoding, errors))
        append(bits[i + 1])
    return ''.join(res)


def parse_qs(qs, keep_blank_values=False, strict_parsing=False,
             encoding='utf-8', errors='replace', max_num_fields=None):
    """Parse a query given as a string argument.

        Arguments:

        qs: percent-encoded query string to be parsed

        keep_blank_values: flag indicating whether blank values in
            percent-encoded queries should be treated as blank strings.
            A true value indicates that blanks should be retained as
            blank strings.  The default false value indicates that
            blank values are to be ignored and treated as if they were
            not included.

        strict_parsing: flag indicating what to do with parsing errors.
            If false (the default), errors are silently ignored.
            If true, errors raise a ValueError exception.

        encoding and errors: specify how to decode percent-encoded sequences
            into Unicode characters, as accepted by the bytes.decode() method.

        max_num_fields: int. If set, then throws a ValueError if there
            are more than n fields read by parse_qsl().

        Returns a dictionary.
    """
    parsed_result = {}
    pairs = parse_qsl(qs, keep_blank_values, strict_parsing,
                      encoding=encoding, errors=errors,
                      max_num_fields=max_num_fields)
    for name, value in pairs:
        if name in parsed_result:
            parsed_result[name].append(value)
        else:
            parsed_result[name] = [value]
    return parsed_result


def parse_qsl(qs, keep_blank_values=False, strict_parsing=False,
              encoding='utf-8', errors='replace', max_num_fields=None):
    """Parse a query given as a string argument.

        Arguments:

        qs: percent-encoded query string to be parsed

        keep_blank_values: flag indicating whether blank values in
            percent-encoded queries should be treated as blank strings.
            A true value indicates that blanks should be retained as blank
            strings.  The default false value indicates that blank values
            are to be ignored and treated as if they were  not included.

        strict_parsing: flag indicating what to do with parsing errors. If
            false (the default), errors are silently ignored. If true,
            errors raise a ValueError exception.

        encoding and errors: specify how to decode percent-encoded sequences
            into Unicode characters, as accepted by the bytes.decode() method.

        max_num_fields: int. If set, then throws a ValueError
            if there are more than n fields read by parse_qsl().

        Returns a list, as G-d intended.
    """
    qs, _coerce_result = _coerce_args(qs)

    # If max_num_fields is defined then check that the number of fields
    # is less than max_num_fields. This prevents a memory exhaustion DOS
    # attack via post bodies with many fields.
    if max_num_fields is not None:
        num_fields = 1 + qs.count('&') + qs.count(';')
        if max_num_fields < num_fields:
            raise ValueError('Max number of fields exceeded')

    pairs = [s2 for s1 in qs.split('&') for s2 in s1.split(';')]
    r = []
    for name_value in pairs:
        if not name_value and not strict_parsing:
            continue
        nv = name_value.split('=', 1)
        if len(nv) != 2:
            if strict_parsing:
                raise ValueError("bad query field: %r" % (name_value,))
            # Handle case of a control-name with no equal sign
            if keep_blank_values:
                nv.append('')
            else:
                continue
        if len(nv[1]) or keep_blank_values:
            name = nv[0].replace('+', ' ')
            name = unquote(name, encoding=encoding, errors=errors)
            name = _coerce_result(name)
            value = nv[1].replace('+', ' ')
            value = unquote(value, encoding=encoding, errors=errors)
            value = _coerce_result(value)
            r.append((name, value))
    return r

def unquote_plus(string, encoding='utf-8', errors='replace'):
    """Like unquote(), but also replace plus signs by spaces, as required for
    unquoting HTML form values.

    unquote_plus('%7e/abc+def') -> '~/abc def'
    """
    string = string.replace('+', ' ')
    return unquote(string, encoding, errors)

_ALWAYS_SAFE = frozenset(b'ABCDEFGHIJKLMNOPQRSTUVWXYZ'
                         b'abcdefghijklmnopqrstuvwxyz'
                         b'0123456789'
                         b'_.-~')
_ALWAYS_SAFE_BYTES = bytes(_ALWAYS_SAFE)
_safe_quoters = {}

class Quoter(collections.defaultdict):
    """A mapping from bytes (in range(0,256)) to strings.

    String values are percent-encoded byte values, unless the key < 128, and
    in the "safe" set (either the specified safe set, or default set).
    """
    # Keeps a cache internally, using defaultdict, for efficiency (lookups
    # of cached keys don't call Python code at all).
    def __init__(self, safe):
        """safe: bytes object."""
        self.safe = _ALWAYS_SAFE.union(safe)

    def __repr__(self):
        # Without this, will just display as a defaultdict
        return "<%s %r>" % (self.__class__.__name__, dict(self))

    def __missing__(self, b):
        # Handle a cache miss. Store quoted string in cache and return.
        res = chr(b) if b in self.safe else '%{:02X}'.format(b)
        self[b] = res
        return res

def quote(string, safe='/', encoding=None, errors=None):
    """quote('abc def') -> 'abc%20def'

    Each part of a URL, e.g. the path info, the query, etc., has a
    different set of reserved characters that must be quoted. The
    quote function offers a cautious (not minimal) way to quote a
    string for most of these parts.

    RFC 3986 Uniform Resource Identifier (URI): Generic Syntax lists
    the following (un)reserved characters.

    unreserved    = ALPHA / DIGIT / "-" / "." / "_" / "~"
    reserved      = gen-delims / sub-delims
    gen-delims    = ":" / "/" / "?" / "#" / "[" / "]" / "@"
    sub-delims    = "!" / "$" / "&" / "'" / "(" / ")"
                  / "*" / "+" / "," / ";" / "="

    Each of the reserved characters is reserved in some component of a URL,
    but not necessarily in all of them.

    The quote function %-escapes all characters that are neither in the
    unreserved chars ("always safe") nor the additional chars set via the
    safe arg.

    The default for the safe arg is '/'. The character is reserved, but in
    typical usage the quote function is being called on a path where the
    existing slash characters are to be preserved.

    Python 3.7 updates from using RFC 2396 to RFC 3986 to quote URL strings.
    Now, "~" is included in the set of unreserved characters.

    string and safe may be either str or bytes objects. encoding and errors
    must not be specified if string is a bytes object.

    The optional encoding and errors parameters specify how to deal with
    non-ASCII characters, as accepted by the str.encode method.
    By default, encoding='utf-8' (characters are encoded with UTF-8), and
    errors='strict' (unsupported characters raise a UnicodeEncodeError).
    """
    if isinstance(string, str):
        if not string:
            return string
        if encoding is None:
            encoding = 'utf-8'
        if errors is None:
            errors = 'strict'
        string = string.encode(encoding, errors)
    else:
        if encoding is not None:
            raise TypeError("quote() doesn't support 'encoding' for bytes")
        if errors is not None:
            raise TypeError("quote() doesn't support 'errors' for bytes")
    return quote_from_bytes(string, safe)

def quote_plus(string, safe='', encoding=None, errors=None):
    """Like quote(), but also replace ' ' with '+', as required for quoting
    HTML form values. Plus signs in the original string are escaped unless
    they are included in safe. It also does not have safe default to '/'.
    """
    # Check if ' ' in string, where string may either be a str or bytes.  If
    # there are no spaces, the regular quote will produce the right answer.
    if ((isinstance(string, str) and ' ' not in string) or
        (isinstance(string, bytes) and b' ' not in string)):
        return quote(string, safe, encoding, errors)
    if isinstance(safe, str):
        space = ' '
    else:
        space = b' '
    string = quote(string, safe + space, encoding, errors)
    return string.replace(' ', '+')

def quote_from_bytes(bs, safe='/'):
    """Like quote(), but accepts a bytes object rather than a str, and does
    not perform string-to-bytes encoding.  It always returns an ASCII string.
    quote_from_bytes(b'abc def\x3f') -> 'abc%20def%3f'
    """
    if not isinstance(bs, (bytes, bytearray)):
        raise TypeError("quote_from_bytes() expected bytes")
    if not bs:
        return ''
    if isinstance(safe, str):
        # Normalize 'safe' by converting to bytes and removing non-ASCII chars
        safe = safe.encode('ascii', 'ignore')
    else:
        safe = bytes([c for c in safe if c < 128])
    if not bs.rstrip(_ALWAYS_SAFE_BYTES + safe):
        return bs.decode()
    try:
        quoter = _safe_quoters[safe]
    except KeyError:
        _safe_quoters[safe] = quoter = Quoter(safe).__getitem__
    return ''.join([quoter(char) for char in bs])

def urlencode(query, doseq=False, safe='', encoding=None, errors=None,
              quote_via=quote_plus):
    """Encode a dict or sequence of two-element tuples into a URL query string.

    If any values in the query arg are sequences and doseq is true, each
    sequence element is converted to a separate parameter.

    If the query arg is a sequence of two-element tuples, the order of the
    parameters in the output will match the order of parameters in the
    input.

    The components of a query arg may each be either a string or a bytes type.

    The safe, encoding, and errors parameters are passed down to the function
    specified by quote_via (encoding and errors only if a component is a str).
    """

    if hasattr(query, "items"):
        query = query.items()
    else:
        # It's a bother at times that strings and string-like objects are
        # sequences.
        try:
            # non-sequence items should not work with len()
            # non-empty strings will fail this
            if len(query) and not isinstance(query[0], tuple):
                raise TypeError
            # Zero-length sequences of all types will get here and succeed,
            # but that's a minor nit.  Since the original implementation
            # allowed empty dicts that type of behavior probably should be
            # preserved for consistency
        except TypeError:
            ty, va, tb = sys.exc_info()
            raise TypeError("not a valid non-string sequence "
                            "or mapping object").with_traceback(tb)

    l = []
    if not doseq:
        for k, v in query:
            if isinstance(k, bytes):
                k = quote_via(k, safe)
            else:
                k = quote_via(str(k), safe, encoding, errors)

            if isinstance(v, bytes):
                v = quote_via(v, safe)
            else:
                v = quote_via(str(v), safe, encoding, errors)
            l.append(k + '=' + v)
    else:
        for k, v in query:
            if isinstance(k, bytes):
                k = quote_via(k, safe)
            else:
                k = quote_via(str(k), safe, encoding, errors)

            if isinstance(v, bytes):
                v = quote_via(v, safe)
                l.append(k + '=' + v)
            elif isinstance(v, str):
                v = quote_via(v, safe, encoding, errors)
                l.append(k + '=' + v)
            else:
                try:
                    # Is this a sufficient test for sequence-ness?
                    x = len(v)
                except TypeError:
                    # not a sequence
                    v = quote_via(str(v), safe, encoding, errors)
                    l.append(k + '=' + v)
                else:
                    # loop over the sequence
                    for elt in v:
                        if isinstance(elt, bytes):
                            elt = quote_via(elt, safe)
                        else:
                            elt = quote_via(str(elt), safe, encoding, errors)
                        l.append(k + '=' + elt)
    return '&'.join(l)


def to_bytes(url):
    warnings.warn("urllib.parse.to_bytes() is deprecated as of 3.8",
                  DeprecationWarning, stacklevel=2)
    return _to_bytes(url)


def _to_bytes(url):
    """to_bytes(u"URL") --> 'URL'."""
    # Most URL schemes require ASCII. If that changes, the conversion
    # can be relaxed.
    # XXX get rid of to_bytes()
    if isinstance(url, str):
        try:
            url = url.encode("ASCII").decode()
        except UnicodeError:
            raise UnicodeError("URL " + repr(url) +
                               " contains non-ASCII characters")
    return url


def unwrap(url):
    """Transform a string like '<URL:scheme://host/path>' into 'scheme://host/path'.

    The string is returned unchanged if it's not a wrapped URL.
    """
    url = str(url).strip()
    if url[:1] == '<' and url[-1:] == '>':
        url = url[1:-1].strip()
    if url[:4] == 'URL:':
        url = url[4:].strip()
    return url


def splittype(url):
    warnings.warn("urllib.parse.splittype() is deprecated as of 3.8, "
                  "use urllib.parse.urlparse() instead",
                  DeprecationWarning, stacklevel=2)
    return _splittype(url)


_typeprog = None
def _splittype(url):
    """splittype('type:opaquestring') --> 'type', 'opaquestring'."""
    global _typeprog
    if _typeprog is None:
        _typeprog = re.compile('([^/:]+):(.*)', re.DOTALL)

    match = _typeprog.match(url)
    if match:
        scheme, data = match.groups()
        return scheme.lower(), data
    return None, url


def splithost(url):
    warnings.warn("urllib.parse.splithost() is deprecated as of 3.8, "
                  "use urllib.parse.urlparse() instead",
                  DeprecationWarning, stacklevel=2)
    return _splithost(url)


_hostprog = None
def _splithost(url):
    """splithost('//host[:port]/path') --> 'host[:port]', '/path'."""
    global _hostprog
    if _hostprog is None:
        _hostprog = re.compile('//([^/#?]*)(.*)', re.DOTALL)

    match = _hostprog.match(url)
    if match:
        host_port, path = match.groups()
        if path and path[0] != '/':
            path = '/' + path
        return host_port, path
    return None, url


def splituser(host):
    warnings.warn("urllib.parse.splituser() is deprecated as of 3.8, "
                  "use urllib.parse.urlparse() instead",
                  DeprecationWarning, stacklevel=2)
    return _splituser(host)


def _splituser(host):
    """splituser('user[:passwd]@host[:port]') --> 'user[:passwd]', 'host[:port]'."""
    user, delim, host = host.rpartition('@')
    return (user if delim else None), host


def splitpasswd(user):
    warnings.warn("urllib.parse.splitpasswd() is deprecated as of 3.8, "
                  "use urllib.parse.urlparse() instead",
                  DeprecationWarning, stacklevel=2)
    return _splitpasswd(user)


def _splitpasswd(user):
    """splitpasswd('user:passwd') -> 'user', 'passwd'."""
    user, delim, passwd = user.partition(':')
    return user, (passwd if delim else None)


def splitport(host):
    warnings.warn("urllib.parse.splitport() is deprecated as of 3.8, "
                  "use urllib.parse.urlparse() instead",
                  DeprecationWarning, stacklevel=2)
    return _splitport(host)


# splittag('/path#tag') --> '/path', 'tag'
_portprog = None
def _splitport(host):
    """splitport('host:port') --> 'host', 'port'."""
    global _portprog
    if _portprog is None:
        _portprog = re.compile('(.*):([0-9]*)', re.DOTALL)

    match = _portprog.fullmatch(host)
    if match:
        host, port = match.groups()
        if port:
            return host, port
    return host, None


def splitnport(host, defport=-1):
    warnings.warn("urllib.parse.splitnport() is deprecated as of 3.8, "
                  "use urllib.parse.urlparse() instead",
                  DeprecationWarning, stacklevel=2)
    return _splitnport(host, defport)


def _splitnport(host, defport=-1):
    """Split host and port, returning numeric port.
    Return given default port if no ':' found; defaults to -1.
    Return numerical port if a valid number are found after ':'.
    Return None if ':' but not a valid number."""
    host, delim, port = host.rpartition(':')
    if not delim:
        host = port
    elif port:
        try:
            nport = int(port)
        except ValueError:
            nport = None
        return host, nport
    return host, defport


def splitquery(url):
    warnings.warn("urllib.parse.splitquery() is deprecated as of 3.8, "
                  "use urllib.parse.urlparse() instead",
                  DeprecationWarning, stacklevel=2)
    return _splitquery(url)


def _splitquery(url):
    """splitquery('/path?query') --> '/path', 'query'."""
    path, delim, query = url.rpartition('?')
    if delim:
        return path, query
    return url, None


def splittag(url):
    warnings.warn("urllib.parse.splittag() is deprecated as of 3.8, "
                  "use urllib.parse.urlparse() instead",
                  DeprecationWarning, stacklevel=2)
    return _splittag(url)


def _splittag(url):
    """splittag('/path#tag') --> '/path', 'tag'."""
    path, delim, tag = url.rpartition('#')
    if delim:
        return path, tag
    return url, None


def splitattr(url):
    warnings.warn("urllib.parse.splitattr() is deprecated as of 3.8, "
                  "use urllib.parse.urlparse() instead",
                  DeprecationWarning, stacklevel=2)
    return _splitattr(url)


def _splitattr(url):
    """splitattr('/path;attr1=value1;attr2=value2;...') ->
        '/path', ['attr1=value1', 'attr2=value2', ...]."""
    words = url.split(';')
    return words[0], words[1:]


def splitvalue(attr):
    warnings.warn("urllib.parse.splitvalue() is deprecated as of 3.8, "
                  "use urllib.parse.parse_qsl() instead",
                  DeprecationWarning, stacklevel=2)
    return _splitvalue(attr)


def _splitvalue(attr):
    """splitvalue('attr=value') --> 'attr', 'value'."""
    attr, delim, value = attr.partition('=')
    return attr, (value if delim else None)
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  Source code for urllib.request

"""An extensible library for opening URLs using a variety of protocols

The simplest way to use this module is to call the urlopen function,
which accepts a string containing a URL or a Request object (described
below).  It opens the URL and returns the results as file-like
object; the returned object has some extra methods described below.

The OpenerDirector manages a collection of Handler objects that do
all the actual work.  Each Handler implements a particular protocol or
option.  The OpenerDirector is a composite object that invokes the
Handlers needed to open the requested URL.  For example, the
HTTPHandler performs HTTP GET and POST requests and deals with
non-error returns.  The HTTPRedirectHandler automatically deals with
HTTP 301, 302, 303 and 307 redirect errors, and the HTTPDigestAuthHandler
deals with digest authentication.

urlopen(url, data=None) -- Basic usage is the same as original
urllib.  pass the url and optionally data to post to an HTTP URL, and
get a file-like object back.  One difference is that you can also pass
a Request instance instead of URL.  Raises a URLError (subclass of
OSError); for HTTP errors, raises an HTTPError, which can also be
treated as a valid response.

build_opener -- Function that creates a new OpenerDirector instance.
Will install the default handlers.  Accepts one or more Handlers as
arguments, either instances or Handler classes that it will
instantiate.  If one of the argument is a subclass of the default
handler, the argument will be installed instead of the default.

install_opener -- Installs a new opener as the default opener.

objects of interest:

OpenerDirector -- Sets up the User Agent as the Python-urllib client and manages
the Handler classes, while dealing with requests and responses.

Request -- An object that encapsulates the state of a request.  The
state can be as simple as the URL.  It can also include extra HTTP
headers, e.g. a User-Agent.

BaseHandler --

internals:
BaseHandler and parent
_call_chain conventions

Example usage:

import urllib.request

# set up authentication info
authinfo = urllib.request.HTTPBasicAuthHandler()
authinfo.add_password(realm='PDQ Application',
                      uri='https://mahler:8092/site-updates.py',
                      user='klem',
                      passwd='geheim$parole')

proxy_support = urllib.request.ProxyHandler({"http" : "http://ahad-haam:3128"})

# build a new opener that adds authentication and caching FTP handlers
opener = urllib.request.build_opener(proxy_support, authinfo,
                                     urllib.request.CacheFTPHandler)

# install it
urllib.request.install_opener(opener)

f = urllib.request.urlopen('http://www.python.org/')
"""

# XXX issues:
# If an authentication error handler that tries to perform
# authentication for some reason but fails, how should the error be
# signalled?  The client needs to know the HTTP error code.  But if
# the handler knows that the problem was, e.g., that it didn't know
# that hash algo that requested in the challenge, it would be good to
# pass that information along to the client, too.
# ftp errors aren't handled cleanly
# check digest against correct (i.e. non-apache) implementation

# Possible extensions:
# complex proxies  XXX not sure what exactly was meant by this
# abstract factory for opener

import base64
import bisect
import email
import hashlib
import http.client
import io
import os
import posixpath
import re
import socket
import string
import sys
import time
import tempfile
import contextlib
import warnings


from urllib.error import URLError, HTTPError, ContentTooShortError
from urllib.parse import (
    urlparse, urlsplit, urljoin, unwrap, quote, unquote,
    _splittype, _splithost, _splitport, _splituser, _splitpasswd,
    _splitattr, _splitquery, _splitvalue, _splittag, _to_bytes,
    unquote_to_bytes, urlunparse)
from urllib.response import addinfourl, addclosehook

# check for SSL
try:
    import ssl
except ImportError:
    _have_ssl = False
else:
    _have_ssl = True

__all__ = [
    # Classes
    'Request', 'OpenerDirector', 'BaseHandler', 'HTTPDefaultErrorHandler',
    'HTTPRedirectHandler', 'HTTPCookieProcessor', 'ProxyHandler',
    'HTTPPasswordMgr', 'HTTPPasswordMgrWithDefaultRealm',
    'HTTPPasswordMgrWithPriorAuth', 'AbstractBasicAuthHandler',
    'HTTPBasicAuthHandler', 'ProxyBasicAuthHandler', 'AbstractDigestAuthHandler',
    'HTTPDigestAuthHandler', 'ProxyDigestAuthHandler', 'HTTPHandler',
    'FileHandler', 'FTPHandler', 'CacheFTPHandler', 'DataHandler',
    'UnknownHandler', 'HTTPErrorProcessor',
    # Functions
    'urlopen', 'install_opener', 'build_opener',
    'pathname2url', 'url2pathname', 'getproxies',
    # Legacy interface
    'urlretrieve', 'urlcleanup', 'URLopener', 'FancyURLopener',
]

# used in User-Agent header sent
__version__ = '%d.%d' % sys.version_info[:2]

_opener = None
def urlopen(url, data=None, timeout=socket._GLOBAL_DEFAULT_TIMEOUT,
            *, cafile=None, capath=None, cadefault=False, context=None):
    '''Open the URL url, which can be either a string or a Request object.

    *data* must be an object specifying additional data to be sent to
    the server, or None if no such data is needed.  See Request for
    details.

    urllib.request module uses HTTP/1.1 and includes a "Connection:close"
    header in its HTTP requests.

    The optional *timeout* parameter specifies a timeout in seconds for
    blocking operations like the connection attempt (if not specified, the
    global default timeout setting will be used). This only works for HTTP,
    HTTPS and FTP connections.

    If *context* is specified, it must be a ssl.SSLContext instance describing
    the various SSL options. See HTTPSConnection for more details.

    The optional *cafile* and *capath* parameters specify a set of trusted CA
    certificates for HTTPS requests. cafile should point to a single file
    containing a bundle of CA certificates, whereas capath should point to a
    directory of hashed certificate files. More information can be found in
    ssl.SSLContext.load_verify_locations().

    The *cadefault* parameter is ignored.

    This function always returns an object which can work as a context
    manager and has methods such as

    * geturl() - return the URL of the resource retrieved, commonly used to
      determine if a redirect was followed

    * info() - return the meta-information of the page, such as headers, in the
      form of an email.message_from_string() instance (see Quick Reference to
      HTTP Headers)

    * getcode() - return the HTTP status code of the response.  Raises URLError
      on errors.

    For HTTP and HTTPS URLs, this function returns a http.client.HTTPResponse
    object slightly modified. In addition to the three new methods above, the
    msg attribute contains the same information as the reason attribute ---
    the reason phrase returned by the server --- instead of the response
    headers as it is specified in the documentation for HTTPResponse.

    For FTP, file, and data URLs and requests explicitly handled by legacy
    URLopener and FancyURLopener classes, this function returns a
    urllib.response.addinfourl object.

    Note that None may be returned if no handler handles the request (though
    the default installed global OpenerDirector uses UnknownHandler to ensure
    this never happens).

    In addition, if proxy settings are detected (for example, when a *_proxy
    environment variable like http_proxy is set), ProxyHandler is default
    installed and makes sure the requests are handled through the proxy.

    '''
    global _opener
    if cafile or capath or cadefault:
        import warnings
        warnings.warn("cafile, capath and cadefault are deprecated, use a "
                      "custom context instead.", DeprecationWarning, 2)
        if context is not None:
            raise ValueError(
                "You can't pass both context and any of cafile, capath, and "
                "cadefault"
            )
        if not _have_ssl:
            raise ValueError('SSL support not available')
        context = ssl.create_default_context(ssl.Purpose.SERVER_AUTH,
                                             cafile=cafile,
                                             capath=capath)
        https_handler = HTTPSHandler(context=context)
        opener = build_opener(https_handler)
    elif context:
        https_handler = HTTPSHandler(context=context)
        opener = build_opener(https_handler)
    elif _opener is None:
        _opener = opener = build_opener()
    else:
        opener = _opener
    return opener.open(url, data, timeout)

def install_opener(opener):
    global _opener
    _opener = opener

_url_tempfiles = []
def urlretrieve(url, filename=None, reporthook=None, data=None):
    """
    Retrieve a URL into a temporary location on disk.

    Requires a URL argument. If a filename is passed, it is used as
    the temporary file location. The reporthook argument should be
    a callable that accepts a block number, a read size, and the
    total file size of the URL target. The data argument should be
    valid URL encoded data.

    If a filename is passed and the URL points to a local resource,
    the result is a copy from local file to new file.

    Returns a tuple containing the path to the newly created
    data file as well as the resulting HTTPMessage object.
    """
    url_type, path = _splittype(url)

    with contextlib.closing(urlopen(url, data)) as fp:
        headers = fp.info()

        # Just return the local path and the "headers" for file://
        # URLs. No sense in performing a copy unless requested.
        if url_type == "file" and not filename:
            return os.path.normpath(path), headers

        # Handle temporary file setup.
        if filename:
            tfp = open(filename, 'wb')
        else:
            tfp = tempfile.NamedTemporaryFile(delete=False)
            filename = tfp.name
            _url_tempfiles.append(filename)

        with tfp:
            result = filename, headers
            bs = 1024*8
            size = -1
            read = 0
            blocknum = 0
            if "content-length" in headers:
                size = int(headers["Content-Length"])

            if reporthook:
                reporthook(blocknum, bs, size)

            while True:
                block = fp.read(bs)
                if not block:
                    break
                read += len(block)
                tfp.write(block)
                blocknum += 1
                if reporthook:
                    reporthook(blocknum, bs, size)

    if size >= 0 and read < size:
        raise ContentTooShortError(
            "retrieval incomplete: got only %i out of %i bytes"
            % (read, size), result)

    return result

def urlcleanup():
    """Clean up temporary files from urlretrieve calls."""
    for temp_file in _url_tempfiles:
        try:
            os.unlink(temp_file)
        except OSError:
            pass

    del _url_tempfiles[:]
    global _opener
    if _opener:
        _opener = None

# copied from cookielib.py
_cut_port_re = re.compile(r":\d+$", re.ASCII)
def request_host(request):
    """Return request-host, as defined by RFC 2965.

    Variation from RFC: returned value is lowercased, for convenient
    comparison.

    """
    url = request.full_url
    host = urlparse(url)[1]
    if host == "":
        host = request.get_header("Host", "")

    # remove port, if present
    host = _cut_port_re.sub("", host, 1)
    return host.lower()

class Request:

    def __init__(self, url, data=None, headers={},
                 origin_req_host=None, unverifiable=False,
                 method=None):
        self.full_url = url
        self.headers = {}
        self.unredirected_hdrs = {}
        self._data = None
        self.data = data
        self._tunnel_host = None
        for key, value in headers.items():
            self.add_header(key, value)
        if origin_req_host is None:
            origin_req_host = request_host(self)
        self.origin_req_host = origin_req_host
        self.unverifiable = unverifiable
        if method:
            self.method = method

    @property
    def full_url(self):
        if self.fragment:
            return '{}#{}'.format(self._full_url, self.fragment)
        return self._full_url

    @full_url.setter
    def full_url(self, url):
        # unwrap('<URL:type://host/path>') --> 'type://host/path'
        self._full_url = unwrap(url)
        self._full_url, self.fragment = _splittag(self._full_url)
        self._parse()

    @full_url.deleter
    def full_url(self):
        self._full_url = None
        self.fragment = None
        self.selector = ''

    @property
    def data(self):
        return self._data

    @data.setter
    def data(self, data):
        if data != self._data:
            self._data = data
            # issue 16464
            # if we change data we need to remove content-length header
            # (cause it's most probably calculated for previous value)
            if self.has_header("Content-length"):
                self.remove_header("Content-length")

    @data.deleter
    def data(self):
        self.data = None

    def _parse(self):
        self.type, rest = _splittype(self._full_url)
        if self.type is None:
            raise ValueError("unknown url type: %r" % self.full_url)
        self.host, self.selector = _splithost(rest)
        if self.host:
            self.host = unquote(self.host)

    def get_method(self):
        """Return a string indicating the HTTP request method."""
        default_method = "POST" if self.data is not None else "GET"
        return getattr(self, 'method', default_method)

    def get_full_url(self):
        return self.full_url

    def set_proxy(self, host, type):
        if self.type == 'https' and not self._tunnel_host:
            self._tunnel_host = self.host
        else:
            self.type= type
            self.selector = self.full_url
        self.host = host

    def has_proxy(self):
        return self.selector == self.full_url

    def add_header(self, key, val):
        # useful for something like authentication
        self.headers[key.capitalize()] = val

    def add_unredirected_header(self, key, val):
        # will not be added to a redirected request
        self.unredirected_hdrs[key.capitalize()] = val

    def has_header(self, header_name):
        return (header_name in self.headers or
                header_name in self.unredirected_hdrs)

    def get_header(self, header_name, default=None):
        return self.headers.get(
            header_name,
            self.unredirected_hdrs.get(header_name, default))

    def remove_header(self, header_name):
        self.headers.pop(header_name, None)
        self.unredirected_hdrs.pop(header_name, None)

    def header_items(self):
        hdrs = {**self.unredirected_hdrs, **self.headers}
        return list(hdrs.items())

class OpenerDirector:
    def __init__(self):
        client_version = "Python-urllib/%s" % __version__
        self.addheaders = [('User-agent', client_version)]
        # self.handlers is retained only for backward compatibility
        self.handlers = []
        # manage the individual handlers
        self.handle_open = {}
        self.handle_error = {}
        self.process_response = {}
        self.process_request = {}

    def add_handler(self, handler):
        if not hasattr(handler, "add_parent"):
            raise TypeError("expected BaseHandler instance, got %r" %
                            type(handler))

        added = False
        for meth in dir(handler):
            if meth in ["redirect_request", "do_open", "proxy_open"]:
                # oops, coincidental match
                continue

            i = meth.find("_")
            protocol = meth[:i]
            condition = meth[i+1:]

            if condition.startswith("error"):
                j = condition.find("_") + i + 1
                kind = meth[j+1:]
                try:
                    kind = int(kind)
                except ValueError:
                    pass
                lookup = self.handle_error.get(protocol, {})
                self.handle_error[protocol] = lookup
            elif condition == "open":
                kind = protocol
                lookup = self.handle_open
            elif condition == "response":
                kind = protocol
                lookup = self.process_response
            elif condition == "request":
                kind = protocol
                lookup = self.process_request
            else:
                continue

            handlers = lookup.setdefault(kind, [])
            if handlers:
                bisect.insort(handlers, handler)
            else:
                handlers.append(handler)
            added = True

        if added:
            bisect.insort(self.handlers, handler)
            handler.add_parent(self)

    def close(self):
        # Only exists for backwards compatibility.
        pass

    def _call_chain(self, chain, kind, meth_name, *args):
        # Handlers raise an exception if no one else should try to handle
        # the request, or return None if they can't but another handler
        # could.  Otherwise, they return the response.
        handlers = chain.get(kind, ())
        for handler in handlers:
            func = getattr(handler, meth_name)
            result = func(*args)
            if result is not None:
                return result

    def open(self, fullurl, data=None, timeout=socket._GLOBAL_DEFAULT_TIMEOUT):
        # accept a URL or a Request object
        if isinstance(fullurl, str):
            req = Request(fullurl, data)
        else:
            req = fullurl
            if data is not None:
                req.data = data

        req.timeout = timeout
        protocol = req.type

        # pre-process request
        meth_name = protocol+"_request"
        for processor in self.process_request.get(protocol, []):
            meth = getattr(processor, meth_name)
            req = meth(req)

        sys.audit('urllib.Request', req.full_url, req.data, req.headers, req.get_method())
        response = self._open(req, data)

        # post-process response
        meth_name = protocol+"_response"
        for processor in self.process_response.get(protocol, []):
            meth = getattr(processor, meth_name)
            response = meth(req, response)

        return response

    def _open(self, req, data=None):
        result = self._call_chain(self.handle_open, 'default',
                                  'default_open', req)
        if result:
            return result

        protocol = req.type
        result = self._call_chain(self.handle_open, protocol, protocol +
                                  '_open', req)
        if result:
            return result

        return self._call_chain(self.handle_open, 'unknown',
                                'unknown_open', req)

    def error(self, proto, *args):
        if proto in ('http', 'https'):
            # XXX http[s] protocols are special-cased
            dict = self.handle_error['http'] # https is not different than http
            proto = args[2]  # YUCK!
            meth_name = 'http_error_%s' % proto
            http_err = 1
            orig_args = args
        else:
            dict = self.handle_error
            meth_name = proto + '_error'
            http_err = 0
        args = (dict, proto, meth_name) + args
        result = self._call_chain(*args)
        if result:
            return result

        if http_err:
            args = (dict, 'default', 'http_error_default') + orig_args
            return self._call_chain(*args)

# XXX probably also want an abstract factory that knows when it makes
# sense to skip a superclass in favor of a subclass and when it might
# make sense to include both

def build_opener(*handlers):
    """Create an opener object from a list of handlers.

    The opener will use several default handlers, including support
    for HTTP, FTP and when applicable HTTPS.

    If any of the handlers passed as arguments are subclasses of the
    default handlers, the default handlers will not be used.
    """
    opener = OpenerDirector()
    default_classes = [ProxyHandler, UnknownHandler, HTTPHandler,
                       HTTPDefaultErrorHandler, HTTPRedirectHandler,
                       FTPHandler, FileHandler, HTTPErrorProcessor,
                       DataHandler]
    if hasattr(http.client, "HTTPSConnection"):
        default_classes.append(HTTPSHandler)
    skip = set()
    for klass in default_classes:
        for check in handlers:
            if isinstance(check, type):
                if issubclass(check, klass):
                    skip.add(klass)
            elif isinstance(check, klass):
                skip.add(klass)
    for klass in skip:
        default_classes.remove(klass)

    for klass in default_classes:
        opener.add_handler(klass())

    for h in handlers:
        if isinstance(h, type):
            h = h()
        opener.add_handler(h)
    return opener

class BaseHandler:
    handler_order = 500

    def add_parent(self, parent):
        self.parent = parent

    def close(self):
        # Only exists for backwards compatibility
        pass

    def __lt__(self, other):
        if not hasattr(other, "handler_order"):
            # Try to preserve the old behavior of having custom classes
            # inserted after default ones (works only for custom user
            # classes which are not aware of handler_order).
            return True
        return self.handler_order < other.handler_order


class HTTPErrorProcessor(BaseHandler):
    """Process HTTP error responses."""
    handler_order = 1000  # after all other processing

    def http_response(self, request, response):
        code, msg, hdrs = response.code, response.msg, response.info()

        # According to RFC 2616, "2xx" code indicates that the client's
        # request was successfully received, understood, and accepted.
        if not (200 <= code < 300):
            response = self.parent.error(
                'http', request, response, code, msg, hdrs)

        return response

    https_response = http_response

class HTTPDefaultErrorHandler(BaseHandler):
    def http_error_default(self, req, fp, code, msg, hdrs):
        raise HTTPError(req.full_url, code, msg, hdrs, fp)

class HTTPRedirectHandler(BaseHandler):
    # maximum number of redirections to any single URL
    # this is needed because of the state that cookies introduce
    max_repeats = 4
    # maximum total number of redirections (regardless of URL) before
    # assuming we're in a loop
    max_redirections = 10

    def redirect_request(self, req, fp, code, msg, headers, newurl):
        """Return a Request or None in response to a redirect.

        This is called by the http_error_30x methods when a
        redirection response is received.  If a redirection should
        take place, return a new Request to allow http_error_30x to
        perform the redirect.  Otherwise, raise HTTPError if no-one
        else should try to handle this url.  Return None if you can't
        but another Handler might.
        """
        m = req.get_method()
        if (not (code in (301, 302, 303, 307) and m in ("GET", "HEAD")
            or code in (301, 302, 303) and m == "POST")):
            raise HTTPError(req.full_url, code, msg, headers, fp)

        # Strictly (according to RFC 2616), 301 or 302 in response to
        # a POST MUST NOT cause a redirection without confirmation
        # from the user (of urllib.request, in this case).  In practice,
        # essentially all clients do redirect in this case, so we do
        # the same.

        # Be conciliant with URIs containing a space.  This is mainly
        # redundant with the more complete encoding done in http_error_302(),
        # but it is kept for compatibility with other callers.
        newurl = newurl.replace(' ', '%20')

        CONTENT_HEADERS = ("content-length", "content-type")
        newheaders = {k: v for k, v in req.headers.items()
                      if k.lower() not in CONTENT_HEADERS}
        return Request(newurl,
                       headers=newheaders,
                       origin_req_host=req.origin_req_host,
                       unverifiable=True)

    # Implementation note: To avoid the server sending us into an
    # infinite loop, the request object needs to track what URLs we
    # have already seen.  Do this by adding a handler-specific
    # attribute to the Request object.
    def http_error_302(self, req, fp, code, msg, headers):
        # Some servers (incorrectly) return multiple Location headers
        # (so probably same goes for URI).  Use first header.
        if "location" in headers:
            newurl = headers["location"]
        elif "uri" in headers:
            newurl = headers["uri"]
        else:
            return

        # fix a possible malformed URL
        urlparts = urlparse(newurl)

        # For security reasons we don't allow redirection to anything other
        # than http, https or ftp.

        if urlparts.scheme not in ('http', 'https', 'ftp', ''):
            raise HTTPError(
                newurl, code,
                "%s - Redirection to url '%s' is not allowed" % (msg, newurl),
                headers, fp)

        if not urlparts.path and urlparts.netloc:
            urlparts = list(urlparts)
            urlparts[2] = "/"
        newurl = urlunparse(urlparts)

        # http.client.parse_headers() decodes as ISO-8859-1.  Recover the
        # original bytes and percent-encode non-ASCII bytes, and any special
        # characters such as the space.
        newurl = quote(
            newurl, encoding="iso-8859-1", safe=string.punctuation)
        newurl = urljoin(req.full_url, newurl)

        # XXX Probably want to forget about the state of the current
        # request, although that might interact poorly with other
        # handlers that also use handler-specific request attributes
        new = self.redirect_request(req, fp, code, msg, headers, newurl)
        if new is None:
            return

        # loop detection
        # .redirect_dict has a key url if url was previously visited.
        if hasattr(req, 'redirect_dict'):
            visited = new.redirect_dict = req.redirect_dict
            if (visited.get(newurl, 0) >= self.max_repeats or
                len(visited) >= self.max_redirections):
                raise HTTPError(req.full_url, code,
                                self.inf_msg + msg, headers, fp)
        else:
            visited = new.redirect_dict = req.redirect_dict = {}
        visited[newurl] = visited.get(newurl, 0) + 1

        # Don't close the fp until we are sure that we won't use it
        # with HTTPError.
        fp.read()
        fp.close()

        return self.parent.open(new, timeout=req.timeout)

    http_error_301 = http_error_303 = http_error_307 = http_error_302

    inf_msg = "The HTTP server returned a redirect error that would " \
              "lead to an infinite loop.\n" \
              "The last 30x error message was:\n"


def _parse_proxy(proxy):
    """Return (scheme, user, password, host/port) given a URL or an authority.

    If a URL is supplied, it must have an authority (host:port) component.
    According to RFC 3986, having an authority component means the URL must
    have two slashes after the scheme.
    """
    scheme, r_scheme = _splittype(proxy)
    if not r_scheme.startswith("/"):
        # authority
        scheme = None
        authority = proxy
    else:
        # URL
        if not r_scheme.startswith("//"):
            raise ValueError("proxy URL with no authority: %r" % proxy)
        # We have an authority, so for RFC 3986-compliant URLs (by ss 3.
        # and 3.3.), path is empty or starts with '/'
        end = r_scheme.find("/", 2)
        if end == -1:
            end = None
        authority = r_scheme[2:end]
    userinfo, hostport = _splituser(authority)
    if userinfo is not None:
        user, password = _splitpasswd(userinfo)
    else:
        user = password = None
    return scheme, user, password, hostport

class ProxyHandler(BaseHandler):
    # Proxies must be in front
    handler_order = 100

    def __init__(self, proxies=None):
        if proxies is None:
            proxies = getproxies()
        assert hasattr(proxies, 'keys'), "proxies must be a mapping"
        self.proxies = proxies
        for type, url in proxies.items():
            type = type.lower()
            setattr(self, '%s_open' % type,
                    lambda r, proxy=url, type=type, meth=self.proxy_open:
                        meth(r, proxy, type))

    def proxy_open(self, req, proxy, type):
        orig_type = req.type
        proxy_type, user, password, hostport = _parse_proxy(proxy)
        if proxy_type is None:
            proxy_type = orig_type

        if req.host and proxy_bypass(req.host):
            return None

        if user and password:
            user_pass = '%s:%s' % (unquote(user),
                                   unquote(password))
            creds = base64.b64encode(user_pass.encode()).decode("ascii")
            req.add_header('Proxy-authorization', 'Basic ' + creds)
        hostport = unquote(hostport)
        req.set_proxy(hostport, proxy_type)
        if orig_type == proxy_type or orig_type == 'https':
            # let other handlers take care of it
            return None
        else:
            # need to start over, because the other handlers don't
            # grok the proxy's URL type
            # e.g. if we have a constructor arg proxies like so:
            # {'http': 'ftp://proxy.example.com'}, we may end up turning
            # a request for http://acme.example.com/a into one for
            # ftp://proxy.example.com/a
            return self.parent.open(req, timeout=req.timeout)

class HTTPPasswordMgr:

    def __init__(self):
        self.passwd = {}

    def add_password(self, realm, uri, user, passwd):
        # uri could be a single URI or a sequence
        if isinstance(uri, str):
            uri = [uri]
        if realm not in self.passwd:
            self.passwd[realm] = {}
        for default_port in True, False:
            reduced_uri = tuple(
                self.reduce_uri(u, default_port) for u in uri)
            self.passwd[realm][reduced_uri] = (user, passwd)

    def find_user_password(self, realm, authuri):
        domains = self.passwd.get(realm, {})
        for default_port in True, False:
            reduced_authuri = self.reduce_uri(authuri, default_port)
            for uris, authinfo in domains.items():
                for uri in uris:
                    if self.is_suburi(uri, reduced_authuri):
                        return authinfo
        return None, None

    def reduce_uri(self, uri, default_port=True):
        """Accept authority or URI and extract only the authority and path."""
        # note HTTP URLs do not have a userinfo component
        parts = urlsplit(uri)
        if parts[1]:
            # URI
            scheme = parts[0]
            authority = parts[1]
            path = parts[2] or '/'
        else:
            # host or host:port
            scheme = None
            authority = uri
            path = '/'
        host, port = _splitport(authority)
        if default_port and port is None and scheme is not None:
            dport = {"http": 80,
                     "https": 443,
                     }.get(scheme)
            if dport is not None:
                authority = "%s:%d" % (host, dport)
        return authority, path

    def is_suburi(self, base, test):
        """Check if test is below base in a URI tree

        Both args must be URIs in reduced form.
        """
        if base == test:
            return True
        if base[0] != test[0]:
            return False
        common = posixpath.commonprefix((base[1], test[1]))
        if len(common) == len(base[1]):
            return True
        return False


class HTTPPasswordMgrWithDefaultRealm(HTTPPasswordMgr):

    def find_user_password(self, realm, authuri):
        user, password = HTTPPasswordMgr.find_user_password(self, realm,
                                                            authuri)
        if user is not None:
            return user, password
        return HTTPPasswordMgr.find_user_password(self, None, authuri)


class HTTPPasswordMgrWithPriorAuth(HTTPPasswordMgrWithDefaultRealm):

    def __init__(self, *args, **kwargs):
        self.authenticated = {}
        super().__init__(*args, **kwargs)

    def add_password(self, realm, uri, user, passwd, is_authenticated=False):
        self.update_authenticated(uri, is_authenticated)
        # Add a default for prior auth requests
        if realm is not None:
            super().add_password(None, uri, user, passwd)
        super().add_password(realm, uri, user, passwd)

    def update_authenticated(self, uri, is_authenticated=False):
        # uri could be a single URI or a sequence
        if isinstance(uri, str):
            uri = [uri]

        for default_port in True, False:
            for u in uri:
                reduced_uri = self.reduce_uri(u, default_port)
                self.authenticated[reduced_uri] = is_authenticated

    def is_authenticated(self, authuri):
        for default_port in True, False:
            reduced_authuri = self.reduce_uri(authuri, default_port)
            for uri in self.authenticated:
                if self.is_suburi(uri, reduced_authuri):
                    return self.authenticated[uri]


class AbstractBasicAuthHandler:

    # XXX this allows for multiple auth-schemes, but will stupidly pick
    # the last one with a realm specified.

    # allow for double- and single-quoted realm values
    # (single quotes are a violation of the RFC, but appear in the wild)
    rx = re.compile('(?:^|,)'   # start of the string or ','
                    '[ \t]*'    # optional whitespaces
                    '([^ \t]+)' # scheme like "Basic"
                    '[ \t]+'    # mandatory whitespaces
                    # realm=xxx
                    # realm='xxx'
                    # realm="xxx"
                    'realm=(["\']?)([^"\']*)\\2',
                    re.I)

    # XXX could pre-emptively send auth info already accepted (RFC 2617,
    # end of section 2, and section 1.2 immediately after "credentials"
    # production).

    def __init__(self, password_mgr=None):
        if password_mgr is None:
            password_mgr = HTTPPasswordMgr()
        self.passwd = password_mgr
        self.add_password = self.passwd.add_password

    def _parse_realm(self, header):
        # parse WWW-Authenticate header: accept multiple challenges per header
        found_challenge = False
        for mo in AbstractBasicAuthHandler.rx.finditer(header):
            scheme, quote, realm = mo.groups()
            if quote not in ['"', "'"]:
                warnings.warn("Basic Auth Realm was unquoted",
                              UserWarning, 3)

            yield (scheme, realm)

            found_challenge = True

        if not found_challenge:
            if header:
                scheme = header.split()[0]
            else:
                scheme = ''
            yield (scheme, None)

    def http_error_auth_reqed(self, authreq, host, req, headers):
        # host may be an authority (without userinfo) or a URL with an
        # authority
        headers = headers.get_all(authreq)
        if not headers:
            # no header found
            return

        unsupported = None
        for header in headers:
            for scheme, realm in self._parse_realm(header):
                if scheme.lower() != 'basic':
                    unsupported = scheme
                    continue

                if realm is not None:
                    # Use the first matching Basic challenge.
                    # Ignore following challenges even if they use the Basic
                    # scheme.
                    return self.retry_http_basic_auth(host, req, realm)

        if unsupported is not None:
            raise ValueError("AbstractBasicAuthHandler does not "
                             "support the following scheme: %r"
                             % (scheme,))

    def retry_http_basic_auth(self, host, req, realm):
        user, pw = self.passwd.find_user_password(realm, host)
        if pw is not None:
            raw = "%s:%s" % (user, pw)
            auth = "Basic " + base64.b64encode(raw.encode()).decode("ascii")
            if req.get_header(self.auth_header, None) == auth:
                return None
            req.add_unredirected_header(self.auth_header, auth)
            return self.parent.open(req, timeout=req.timeout)
        else:
            return None

    def http_request(self, req):
        if (not hasattr(self.passwd, 'is_authenticated') or
           not self.passwd.is_authenticated(req.full_url)):
            return req

        if not req.has_header('Authorization'):
            user, passwd = self.passwd.find_user_password(None, req.full_url)
            credentials = '{0}:{1}'.format(user, passwd).encode()
            auth_str = base64.standard_b64encode(credentials).decode()
            req.add_unredirected_header('Authorization',
                                        'Basic {}'.format(auth_str.strip()))
        return req

    def http_response(self, req, response):
        if hasattr(self.passwd, 'is_authenticated'):
            if 200 <= response.code < 300:
                self.passwd.update_authenticated(req.full_url, True)
            else:
                self.passwd.update_authenticated(req.full_url, False)
        return response

    https_request = http_request
    https_response = http_response



class HTTPBasicAuthHandler(AbstractBasicAuthHandler, BaseHandler):

    auth_header = 'Authorization'

    def http_error_401(self, req, fp, code, msg, headers):
        url = req.full_url
        response = self.http_error_auth_reqed('www-authenticate',
                                          url, req, headers)
        return response


class ProxyBasicAuthHandler(AbstractBasicAuthHandler, BaseHandler):

    auth_header = 'Proxy-authorization'

    def http_error_407(self, req, fp, code, msg, headers):
        # http_error_auth_reqed requires that there is no userinfo component in
        # authority.  Assume there isn't one, since urllib.request does not (and
        # should not, RFC 3986 s. 3.2.1) support requests for URLs containing
        # userinfo.
        authority = req.host
        response = self.http_error_auth_reqed('proxy-authenticate',
                                          authority, req, headers)
        return response


# Return n random bytes.
_randombytes = os.urandom


class AbstractDigestAuthHandler:
    # Digest authentication is specified in RFC 2617.

    # XXX The client does not inspect the Authentication-Info header
    # in a successful response.

    # XXX It should be possible to test this implementation against
    # a mock server that just generates a static set of challenges.

    # XXX qop="auth-int" supports is shaky

    def __init__(self, passwd=None):
        if passwd is None:
            passwd = HTTPPasswordMgr()
        self.passwd = passwd
        self.add_password = self.passwd.add_password
        self.retried = 0
        self.nonce_count = 0
        self.last_nonce = None

    def reset_retry_count(self):
        self.retried = 0

    def http_error_auth_reqed(self, auth_header, host, req, headers):
        authreq = headers.get(auth_header, None)
        if self.retried > 5:
            # Don't fail endlessly - if we failed once, we'll probably
            # fail a second time. Hm. Unless the Password Manager is
            # prompting for the information. Crap. This isn't great
            # but it's better than the current 'repeat until recursion
            # depth exceeded' approach <wink>
            raise HTTPError(req.full_url, 401, "digest auth failed",
                            headers, None)
        else:
            self.retried += 1
        if authreq:
            scheme = authreq.split()[0]
            if scheme.lower() == 'digest':
                return self.retry_http_digest_auth(req, authreq)
            elif scheme.lower() != 'basic':
                raise ValueError("AbstractDigestAuthHandler does not support"
                                 " the following scheme: '%s'" % scheme)

    def retry_http_digest_auth(self, req, auth):
        token, challenge = auth.split(' ', 1)
        chal = parse_keqv_list(filter(None, parse_http_list(challenge)))
        auth = self.get_authorization(req, chal)
        if auth:
            auth_val = 'Digest %s' % auth
            if req.headers.get(self.auth_header, None) == auth_val:
                return None
            req.add_unredirected_header(self.auth_header, auth_val)
            resp = self.parent.open(req, timeout=req.timeout)
            return resp

    def get_cnonce(self, nonce):
        # The cnonce-value is an opaque
        # quoted string value provided by the client and used by both client
        # and server to avoid chosen plaintext attacks, to provide mutual
        # authentication, and to provide some message integrity protection.
        # This isn't a fabulous effort, but it's probably Good Enough.
        s = "%s:%s:%s:" % (self.nonce_count, nonce, time.ctime())
        b = s.encode("ascii") + _randombytes(8)
        dig = hashlib.sha1(b).hexdigest()
        return dig[:16]

    def get_authorization(self, req, chal):
        try:
            realm = chal['realm']
            nonce = chal['nonce']
            qop = chal.get('qop')
            algorithm = chal.get('algorithm', 'MD5')
            # mod_digest doesn't send an opaque, even though it isn't
            # supposed to be optional
            opaque = chal.get('opaque', None)
        except KeyError:
            return None

        H, KD = self.get_algorithm_impls(algorithm)
        if H is None:
            return None

        user, pw = self.passwd.find_user_password(realm, req.full_url)
        if user is None:
            return None

        # XXX not implemented yet
        if req.data is not None:
            entdig = self.get_entity_digest(req.data, chal)
        else:
            entdig = None

        A1 = "%s:%s:%s" % (user, realm, pw)
        A2 = "%s:%s" % (req.get_method(),
                        # XXX selector: what about proxies and full urls
                        req.selector)
        # NOTE: As per  RFC 2617, when server sends "auth,auth-int", the client could use either `auth`
        #     or `auth-int` to the response back. we use `auth` to send the response back.
        if qop is None:
            respdig = KD(H(A1), "%s:%s" % (nonce, H(A2)))
        elif 'auth' in qop.split(','):
            if nonce == self.last_nonce:
                self.nonce_count += 1
            else:
                self.nonce_count = 1
                self.last_nonce = nonce
            ncvalue = '%08x' % self.nonce_count
            cnonce = self.get_cnonce(nonce)
            noncebit = "%s:%s:%s:%s:%s" % (nonce, ncvalue, cnonce, 'auth', H(A2))
            respdig = KD(H(A1), noncebit)
        else:
            # XXX handle auth-int.
            raise URLError("qop '%s' is not supported." % qop)

        # XXX should the partial digests be encoded too?

        base = 'username="%s", realm="%s", nonce="%s", uri="%s", ' \
               'response="%s"' % (user, realm, nonce, req.selector,
                                  respdig)
        if opaque:
            base += ', opaque="%s"' % opaque
        if entdig:
            base += ', digest="%s"' % entdig
        base += ', algorithm="%s"' % algorithm
        if qop:
            base += ', qop=auth, nc=%s, cnonce="%s"' % (ncvalue, cnonce)
        return base

    def get_algorithm_impls(self, algorithm):
        # lambdas assume digest modules are imported at the top level
        if algorithm == 'MD5':
            H = lambda x: hashlib.md5(x.encode("ascii")).hexdigest()
        elif algorithm == 'SHA':
            H = lambda x: hashlib.sha1(x.encode("ascii")).hexdigest()
        # XXX MD5-sess
        else:
            raise ValueError("Unsupported digest authentication "
                             "algorithm %r" % algorithm)
        KD = lambda s, d: H("%s:%s" % (s, d))
        return H, KD

    def get_entity_digest(self, data, chal):
        # XXX not implemented yet
        return None


class HTTPDigestAuthHandler(BaseHandler, AbstractDigestAuthHandler):
    """An authentication protocol defined by RFC 2069

    Digest authentication improves on basic authentication because it
    does not transmit passwords in the clear.
    """

    auth_header = 'Authorization'
    handler_order = 490  # before Basic auth

    def http_error_401(self, req, fp, code, msg, headers):
        host = urlparse(req.full_url)[1]
        retry = self.http_error_auth_reqed('www-authenticate',
                                           host, req, headers)
        self.reset_retry_count()
        return retry


class ProxyDigestAuthHandler(BaseHandler, AbstractDigestAuthHandler):

    auth_header = 'Proxy-Authorization'
    handler_order = 490  # before Basic auth

    def http_error_407(self, req, fp, code, msg, headers):
        host = req.host
        retry = self.http_error_auth_reqed('proxy-authenticate',
                                           host, req, headers)
        self.reset_retry_count()
        return retry

class AbstractHTTPHandler(BaseHandler):

    def __init__(self, debuglevel=0):
        self._debuglevel = debuglevel

    def set_http_debuglevel(self, level):
        self._debuglevel = level

    def _get_content_length(self, request):
        return http.client.HTTPConnection._get_content_length(
            request.data,
            request.get_method())

    def do_request_(self, request):
        host = request.host
        if not host:
            raise URLError('no host given')

        if request.data is not None:  # POST
            data = request.data
            if isinstance(data, str):
                msg = "POST data should be bytes, an iterable of bytes, " \
                      "or a file object. It cannot be of type str."
                raise TypeError(msg)
            if not request.has_header('Content-type'):
                request.add_unredirected_header(
                    'Content-type',
                    'application/x-www-form-urlencoded')
            if (not request.has_header('Content-length')
                    and not request.has_header('Transfer-encoding')):
                content_length = self._get_content_length(request)
                if content_length is not None:
                    request.add_unredirected_header(
                            'Content-length', str(content_length))
                else:
                    request.add_unredirected_header(
                            'Transfer-encoding', 'chunked')

        sel_host = host
        if request.has_proxy():
            scheme, sel = _splittype(request.selector)
            sel_host, sel_path = _splithost(sel)
        if not request.has_header('Host'):
            request.add_unredirected_header('Host', sel_host)
        for name, value in self.parent.addheaders:
            name = name.capitalize()
            if not request.has_header(name):
                request.add_unredirected_header(name, value)

        return request

    def do_open(self, http_class, req, **http_conn_args):
        """Return an HTTPResponse object for the request, using http_class.

        http_class must implement the HTTPConnection API from http.client.
        """
        host = req.host
        if not host:
            raise URLError('no host given')

        # will parse host:port
        h = http_class(host, timeout=req.timeout, **http_conn_args)
        h.set_debuglevel(self._debuglevel)

        headers = dict(req.unredirected_hdrs)
        headers.update({k: v for k, v in req.headers.items()
                        if k not in headers})

        # TODO(jhylton): Should this be redesigned to handle
        # persistent connections?

        # We want to make an HTTP/1.1 request, but the addinfourl
        # class isn't prepared to deal with a persistent connection.
        # It will try to read all remaining data from the socket,
        # which will block while the server waits for the next request.
        # So make sure the connection gets closed after the (only)
        # request.
        headers["Connection"] = "close"
        headers = {name.title(): val for name, val in headers.items()}

        if req._tunnel_host:
            tunnel_headers = {}
            proxy_auth_hdr = "Proxy-Authorization"
            if proxy_auth_hdr in headers:
                tunnel_headers[proxy_auth_hdr] = headers[proxy_auth_hdr]
                # Proxy-Authorization should not be sent to origin
                # server.
                del headers[proxy_auth_hdr]
            h.set_tunnel(req._tunnel_host, headers=tunnel_headers)

        try:
            try:
                h.request(req.get_method(), req.selector, req.data, headers,
                          encode_chunked=req.has_header('Transfer-encoding'))
            except OSError as err: # timeout error
                raise URLError(err)
            r = h.getresponse()
        except:
            h.close()
            raise

        # If the server does not send us a 'Connection: close' header,
        # HTTPConnection assumes the socket should be left open. Manually
        # mark the socket to be closed when this response object goes away.
        if h.sock:
            h.sock.close()
            h.sock = None

        r.url = req.get_full_url()
        # This line replaces the .msg attribute of the HTTPResponse
        # with .headers, because urllib clients expect the response to
        # have the reason in .msg.  It would be good to mark this
        # attribute is deprecated and get then to use info() or
        # .headers.
        r.msg = r.reason
        return r


class HTTPHandler(AbstractHTTPHandler):

    def http_open(self, req):
        return self.do_open(http.client.HTTPConnection, req)

    http_request = AbstractHTTPHandler.do_request_

if hasattr(http.client, 'HTTPSConnection'):

    class HTTPSHandler(AbstractHTTPHandler):

        def __init__(self, debuglevel=0, context=None, check_hostname=None):
            AbstractHTTPHandler.__init__(self, debuglevel)
            self._context = context
            self._check_hostname = check_hostname

        def https_open(self, req):
            return self.do_open(http.client.HTTPSConnection, req,
                context=self._context, check_hostname=self._check_hostname)

        https_request = AbstractHTTPHandler.do_request_

    __all__.append('HTTPSHandler')

class HTTPCookieProcessor(BaseHandler):
    def __init__(self, cookiejar=None):
        import http.cookiejar
        if cookiejar is None:
            cookiejar = http.cookiejar.CookieJar()
        self.cookiejar = cookiejar

    def http_request(self, request):
        self.cookiejar.add_cookie_header(request)
        return request

    def http_response(self, request, response):
        self.cookiejar.extract_cookies(response, request)
        return response

    https_request = http_request
    https_response = http_response

class UnknownHandler(BaseHandler):
    def unknown_open(self, req):
        type = req.type
        raise URLError('unknown url type: %s' % type)

def parse_keqv_list(l):
    """Parse list of key=value strings where keys are not duplicated."""
    parsed = {}
    for elt in l:
        k, v = elt.split('=', 1)
        if v[0] == '"' and v[-1] == '"':
            v = v[1:-1]
        parsed[k] = v
    return parsed

def parse_http_list(s):
    """Parse lists as described by RFC 2068 Section 2.

    In particular, parse comma-separated lists where the elements of
    the list may include quoted-strings.  A quoted-string could
    contain a comma.  A non-quoted string could have quotes in the
    middle.  Neither commas nor quotes count if they are escaped.
    Only double-quotes count, not single-quotes.
    """
    res = []
    part = ''

    escape = quote = False
    for cur in s:
        if escape:
            part += cur
            escape = False
            continue
        if quote:
            if cur == '\\':
                escape = True
                continue
            elif cur == '"':
                quote = False
            part += cur
            continue

        if cur == ',':
            res.append(part)
            part = ''
            continue

        if cur == '"':
            quote = True

        part += cur

    # append last part
    if part:
        res.append(part)

    return [part.strip() for part in res]

class FileHandler(BaseHandler):
    # Use local file or FTP depending on form of URL
    def file_open(self, req):
        url = req.selector
        if url[:2] == '//' and url[2:3] != '/' and (req.host and
                req.host != 'localhost'):
            if not req.host in self.get_names():
                raise URLError("file:// scheme is supported only on localhost")
        else:
            return self.open_local_file(req)

    # names for the localhost
    names = None
    def get_names(self):
        if FileHandler.names is None:
            try:
                FileHandler.names = tuple(
                    socket.gethostbyname_ex('localhost')[2] +
                    socket.gethostbyname_ex(socket.gethostname())[2])
            except socket.gaierror:
                FileHandler.names = (socket.gethostbyname('localhost'),)
        return FileHandler.names

    # not entirely sure what the rules are here
    def open_local_file(self, req):
        import email.utils
        import mimetypes
        host = req.host
        filename = req.selector
        localfile = url2pathname(filename)
        try:
            stats = os.stat(localfile)
            size = stats.st_size
            modified = email.utils.formatdate(stats.st_mtime, usegmt=True)
            mtype = mimetypes.guess_type(filename)[0]
            headers = email.message_from_string(
                'Content-type: %s\nContent-length: %d\nLast-modified: %s\n' %
                (mtype or 'text/plain', size, modified))
            if host:
                host, port = _splitport(host)
            if not host or \
                (not port and _safe_gethostbyname(host) in self.get_names()):
                if host:
                    origurl = 'file://' + host + filename
                else:
                    origurl = 'file://' + filename
                return addinfourl(open(localfile, 'rb'), headers, origurl)
        except OSError as exp:
            raise URLError(exp)
        raise URLError('file not on local host')

def _safe_gethostbyname(host):
    try:
        return socket.gethostbyname(host)
    except socket.gaierror:
        return None

class FTPHandler(BaseHandler):
    def ftp_open(self, req):
        import ftplib
        import mimetypes
        host = req.host
        if not host:
            raise URLError('ftp error: no host given')
        host, port = _splitport(host)
        if port is None:
            port = ftplib.FTP_PORT
        else:
            port = int(port)

        # username/password handling
        user, host = _splituser(host)
        if user:
            user, passwd = _splitpasswd(user)
        else:
            passwd = None
        host = unquote(host)
        user = user or ''
        passwd = passwd or ''

        try:
            host = socket.gethostbyname(host)
        except OSError as msg:
            raise URLError(msg)
        path, attrs = _splitattr(req.selector)
        dirs = path.split('/')
        dirs = list(map(unquote, dirs))
        dirs, file = dirs[:-1], dirs[-1]
        if dirs and not dirs[0]:
            dirs = dirs[1:]
        try:
            fw = self.connect_ftp(user, passwd, host, port, dirs, req.timeout)
            type = file and 'I' or 'D'
            for attr in attrs:
                attr, value = _splitvalue(attr)
                if attr.lower() == 'type' and \
                   value in ('a', 'A', 'i', 'I', 'd', 'D'):
                    type = value.upper()
            fp, retrlen = fw.retrfile(file, type)
            headers = ""
            mtype = mimetypes.guess_type(req.full_url)[0]
            if mtype:
                headers += "Content-type: %s\n" % mtype
            if retrlen is not None and retrlen >= 0:
                headers += "Content-length: %d\n" % retrlen
            headers = email.message_from_string(headers)
            return addinfourl(fp, headers, req.full_url)
        except ftplib.all_errors as exp:
            exc = URLError('ftp error: %r' % exp)
            raise exc.with_traceback(sys.exc_info()[2])

    def connect_ftp(self, user, passwd, host, port, dirs, timeout):
        return ftpwrapper(user, passwd, host, port, dirs, timeout,
                          persistent=False)

class CacheFTPHandler(FTPHandler):
    # XXX would be nice to have pluggable cache strategies
    # XXX this stuff is definitely not thread safe
    def __init__(self):
        self.cache = {}
        self.timeout = {}
        self.soonest = 0
        self.delay = 60
        self.max_conns = 16

    def setTimeout(self, t):
        self.delay = t

    def setMaxConns(self, m):
        self.max_conns = m

    def connect_ftp(self, user, passwd, host, port, dirs, timeout):
        key = user, host, port, '/'.join(dirs), timeout
        if key in self.cache:
            self.timeout[key] = time.time() + self.delay
        else:
            self.cache[key] = ftpwrapper(user, passwd, host, port,
                                         dirs, timeout)
            self.timeout[key] = time.time() + self.delay
        self.check_cache()
        return self.cache[key]

    def check_cache(self):
        # first check for old ones
        t = time.time()
        if self.soonest <= t:
            for k, v in list(self.timeout.items()):
                if v < t:
                    self.cache[k].close()
                    del self.cache[k]
                    del self.timeout[k]
        self.soonest = min(list(self.timeout.values()))

        # then check the size
        if len(self.cache) == self.max_conns:
            for k, v in list(self.timeout.items()):
                if v == self.soonest:
                    del self.cache[k]
                    del self.timeout[k]
                    break
            self.soonest = min(list(self.timeout.values()))

    def clear_cache(self):
        for conn in self.cache.values():
            conn.close()
        self.cache.clear()
        self.timeout.clear()

class DataHandler(BaseHandler):
    def data_open(self, req):
        # data URLs as specified in RFC 2397.
        #
        # ignores POSTed data
        #
        # syntax:
        # dataurl   := "data:" [ mediatype ] [ ";base64" ] "," data
        # mediatype := [ type "/" subtype ] *( ";" parameter )
        # data      := *urlchar
        # parameter := attribute "=" value
        url = req.full_url

        scheme, data = url.split(":",1)
        mediatype, data = data.split(",",1)

        # even base64 encoded data URLs might be quoted so unquote in any case:
        data = unquote_to_bytes(data)
        if mediatype.endswith(";base64"):
            data = base64.decodebytes(data)
            mediatype = mediatype[:-7]

        if not mediatype:
            mediatype = "text/plain;charset=US-ASCII"

        headers = email.message_from_string("Content-type: %s\nContent-length: %d\n" %
            (mediatype, len(data)))

        return addinfourl(io.BytesIO(data), headers, url)


# Code move from the old urllib module

MAXFTPCACHE = 10        # Trim the ftp cache beyond this size

# Helper for non-unix systems
if os.name == 'nt':
    from nturl2path import url2pathname, pathname2url
else:
    def url2pathname(pathname):
        """OS-specific conversion from a relative URL of the 'file' scheme
        to a file system path; not recommended for general use."""
        return unquote(pathname)

    def pathname2url(pathname):
        """OS-specific conversion from a file system path to a relative URL
        of the 'file' scheme; not recommended for general use."""
        return quote(pathname)


ftpcache = {}


class URLopener:
    """Class to open URLs.
    This is a class rather than just a subroutine because we may need
    more than one set of global protocol-specific options.
    Note -- this is a base class for those who don't want the
    automatic handling of errors type 302 (relocated) and 401
    (authorization needed)."""

    __tempfiles = None

    version = "Python-urllib/%s" % __version__

    # Constructor
    def __init__(self, proxies=None, **x509):
        msg = "%(class)s style of invoking requests is deprecated. " \
              "Use newer urlopen functions/methods" % {'class': self.__class__.__name__}
        warnings.warn(msg, DeprecationWarning, stacklevel=3)
        if proxies is None:
            proxies = getproxies()
        assert hasattr(proxies, 'keys'), "proxies must be a mapping"
        self.proxies = proxies
        self.key_file = x509.get('key_file')
        self.cert_file = x509.get('cert_file')
        self.addheaders = [('User-Agent', self.version), ('Accept', '*/*')]
        self.__tempfiles = []
        self.__unlink = os.unlink # See cleanup()
        self.tempcache = None
        # Undocumented feature: if you assign {} to tempcache,
        # it is used to cache files retrieved with
        # self.retrieve().  This is not enabled by default
        # since it does not work for changing documents (and I
        # haven't got the logic to check expiration headers
        # yet).
        self.ftpcache = ftpcache
        # Undocumented feature: you can use a different
        # ftp cache by assigning to the .ftpcache member;
        # in case you want logically independent URL openers
        # XXX This is not threadsafe.  Bah.

    def __del__(self):
        self.close()

    def close(self):
        self.cleanup()

    def cleanup(self):
        # This code sometimes runs when the rest of this module
        # has already been deleted, so it can't use any globals
        # or import anything.
        if self.__tempfiles:
            for file in self.__tempfiles:
                try:
                    self.__unlink(file)
                except OSError:
                    pass
            del self.__tempfiles[:]
        if self.tempcache:
            self.tempcache.clear()

    def addheader(self, *args):
        """Add a header to be used by the HTTP interface only
        e.g. u.addheader('Accept', 'sound/basic')"""
        self.addheaders.append(args)

    # External interface
    def open(self, fullurl, data=None):
        """Use URLopener().open(file) instead of open(file, 'r')."""
        fullurl = unwrap(_to_bytes(fullurl))
        fullurl = quote(fullurl, safe="%/:=&?~#+!$,;'@()*[]|")
        if self.tempcache and fullurl in self.tempcache:
            filename, headers = self.tempcache[fullurl]
            fp = open(filename, 'rb')
            return addinfourl(fp, headers, fullurl)
        urltype, url = _splittype(fullurl)
        if not urltype:
            urltype = 'file'
        if urltype in self.proxies:
            proxy = self.proxies[urltype]
            urltype, proxyhost = _splittype(proxy)
            host, selector = _splithost(proxyhost)
            url = (host, fullurl) # Signal special case to open_*()
        else:
            proxy = None
        name = 'open_' + urltype
        self.type = urltype
        name = name.replace('-', '_')
        if not hasattr(self, name) or name == 'open_local_file':
            if proxy:
                return self.open_unknown_proxy(proxy, fullurl, data)
            else:
                return self.open_unknown(fullurl, data)
        try:
            if data is None:
                return getattr(self, name)(url)
            else:
                return getattr(self, name)(url, data)
        except (HTTPError, URLError):
            raise
        except OSError as msg:
            raise OSError('socket error', msg).with_traceback(sys.exc_info()[2])

    def open_unknown(self, fullurl, data=None):
        """Overridable interface to open unknown URL type."""
        type, url = _splittype(fullurl)
        raise OSError('url error', 'unknown url type', type)

    def open_unknown_proxy(self, proxy, fullurl, data=None):
        """Overridable interface to open unknown URL type."""
        type, url = _splittype(fullurl)
        raise OSError('url error', 'invalid proxy for %s' % type, proxy)

    # External interface
    def retrieve(self, url, filename=None, reporthook=None, data=None):
        """retrieve(url) returns (filename, headers) for a local object
        or (tempfilename, headers) for a remote object."""
        url = unwrap(_to_bytes(url))
        if self.tempcache and url in self.tempcache:
            return self.tempcache[url]
        type, url1 = _splittype(url)
        if filename is None and (not type or type == 'file'):
            try:
                fp = self.open_local_file(url1)
                hdrs = fp.info()
                fp.close()
                return url2pathname(_splithost(url1)[1]), hdrs
            except OSError as msg:
                pass
        fp = self.open(url, data)
        try:
            headers = fp.info()
            if filename:
                tfp = open(filename, 'wb')
            else:
                garbage, path = _splittype(url)
                garbage, path = _splithost(path or "")
                path, garbage = _splitquery(path or "")
                path, garbage = _splitattr(path or "")
                suffix = os.path.splitext(path)[1]
                (fd, filename) = tempfile.mkstemp(suffix)
                self.__tempfiles.append(filename)
                tfp = os.fdopen(fd, 'wb')
            try:
                result = filename, headers
                if self.tempcache is not None:
                    self.tempcache[url] = result
                bs = 1024*8
                size = -1
                read = 0
                blocknum = 0
                if "content-length" in headers:
                    size = int(headers["Content-Length"])
                if reporthook:
                    reporthook(blocknum, bs, size)
                while 1:
                    block = fp.read(bs)
                    if not block:
                        break
                    read += len(block)
                    tfp.write(block)
                    blocknum += 1
                    if reporthook:
                        reporthook(blocknum, bs, size)
            finally:
                tfp.close()
        finally:
            fp.close()

        # raise exception if actual size does not match content-length header
        if size >= 0 and read < size:
            raise ContentTooShortError(
                "retrieval incomplete: got only %i out of %i bytes"
                % (read, size), result)

        return result

    # Each method named open_<type> knows how to open that type of URL

    def _open_generic_http(self, connection_factory, url, data):
        """Make an HTTP connection using connection_class.

        This is an internal method that should be called from
        open_http() or open_https().

        Arguments:
        - connection_factory should take a host name and return an
          HTTPConnection instance.
        - url is the url to retrieval or a host, relative-path pair.
        - data is payload for a POST request or None.
        """

        user_passwd = None
        proxy_passwd= None
        if isinstance(url, str):
            host, selector = _splithost(url)
            if host:
                user_passwd, host = _splituser(host)
                host = unquote(host)
            realhost = host
        else:
            host, selector = url
            # check whether the proxy contains authorization information
            proxy_passwd, host = _splituser(host)
            # now we proceed with the url we want to obtain
            urltype, rest = _splittype(selector)
            url = rest
            user_passwd = None
            if urltype.lower() != 'http':
                realhost = None
            else:
                realhost, rest = _splithost(rest)
                if realhost:
                    user_passwd, realhost = _splituser(realhost)
                if user_passwd:
                    selector = "%s://%s%s" % (urltype, realhost, rest)
                if proxy_bypass(realhost):
                    host = realhost

        if not host: raise OSError('http error', 'no host given')

        if proxy_passwd:
            proxy_passwd = unquote(proxy_passwd)
            proxy_auth = base64.b64encode(proxy_passwd.encode()).decode('ascii')
        else:
            proxy_auth = None

        if user_passwd:
            user_passwd = unquote(user_passwd)
            auth = base64.b64encode(user_passwd.encode()).decode('ascii')
        else:
            auth = None
        http_conn = connection_factory(host)
        headers = {}
        if proxy_auth:
            headers["Proxy-Authorization"] = "Basic %s" % proxy_auth
        if auth:
            headers["Authorization"] =  "Basic %s" % auth
        if realhost:
            headers["Host"] = realhost

        # Add Connection:close as we don't support persistent connections yet.
        # This helps in closing the socket and avoiding ResourceWarning

        headers["Connection"] = "close"

        for header, value in self.addheaders:
            headers[header] = value

        if data is not None:
            headers["Content-Type"] = "application/x-www-form-urlencoded"
            http_conn.request("POST", selector, data, headers)
        else:
            http_conn.request("GET", selector, headers=headers)

        try:
            response = http_conn.getresponse()
        except http.client.BadStatusLine:
            # something went wrong with the HTTP status line
            raise URLError("http protocol error: bad status line")

        # According to RFC 2616, "2xx" code indicates that the client's
        # request was successfully received, understood, and accepted.
        if 200 <= response.status < 300:
            return addinfourl(response, response.msg, "http:" + url,
                              response.status)
        else:
            return self.http_error(
                url, response.fp,
                response.status, response.reason, response.msg, data)

    def open_http(self, url, data=None):
        """Use HTTP protocol."""
        return self._open_generic_http(http.client.HTTPConnection, url, data)

    def http_error(self, url, fp, errcode, errmsg, headers, data=None):
        """Handle http errors.

        Derived class can override this, or provide specific handlers
        named http_error_DDD where DDD is the 3-digit error code."""
        # First check if there's a specific handler for this error
        name = 'http_error_%d' % errcode
        if hasattr(self, name):
            method = getattr(self, name)
            if data is None:
                result = method(url, fp, errcode, errmsg, headers)
            else:
                result = method(url, fp, errcode, errmsg, headers, data)
            if result: return result
        return self.http_error_default(url, fp, errcode, errmsg, headers)

    def http_error_default(self, url, fp, errcode, errmsg, headers):
        """Default error handler: close the connection and raise OSError."""
        fp.close()
        raise HTTPError(url, errcode, errmsg, headers, None)

    if _have_ssl:
        def _https_connection(self, host):
            return http.client.HTTPSConnection(host,
                                           key_file=self.key_file,
                                           cert_file=self.cert_file)

        def open_https(self, url, data=None):
            """Use HTTPS protocol."""
            return self._open_generic_http(self._https_connection, url, data)

    def open_file(self, url):
        """Use local file or FTP depending on form of URL."""
        if not isinstance(url, str):
            raise URLError('file error: proxy support for file protocol currently not implemented')
        if url[:2] == '//' and url[2:3] != '/' and url[2:12].lower() != 'localhost/':
            raise ValueError("file:// scheme is supported only on localhost")
        else:
            return self.open_local_file(url)

    def open_local_file(self, url):
        """Use local file."""
        import email.utils
        import mimetypes
        host, file = _splithost(url)
        localname = url2pathname(file)
        try:
            stats = os.stat(localname)
        except OSError as e:
            raise URLError(e.strerror, e.filename)
        size = stats.st_size
        modified = email.utils.formatdate(stats.st_mtime, usegmt=True)
        mtype = mimetypes.guess_type(url)[0]
        headers = email.message_from_string(
            'Content-Type: %s\nContent-Length: %d\nLast-modified: %s\n' %
            (mtype or 'text/plain', size, modified))
        if not host:
            urlfile = file
            if file[:1] == '/':
                urlfile = 'file://' + file
            return addinfourl(open(localname, 'rb'), headers, urlfile)
        host, port = _splitport(host)
        if (not port
           and socket.gethostbyname(host) in ((localhost(),) + thishost())):
            urlfile = file
            if file[:1] == '/':
                urlfile = 'file://' + file
            elif file[:2] == './':
                raise ValueError("local file url may start with / or file:. Unknown url of type: %s" % url)
            return addinfourl(open(localname, 'rb'), headers, urlfile)
        raise URLError('local file error: not on local host')

    def open_ftp(self, url):
        """Use FTP protocol."""
        if not isinstance(url, str):
            raise URLError('ftp error: proxy support for ftp protocol currently not implemented')
        import mimetypes
        host, path = _splithost(url)
        if not host: raise URLError('ftp error: no host given')
        host, port = _splitport(host)
        user, host = _splituser(host)
        if user: user, passwd = _splitpasswd(user)
        else: passwd = None
        host = unquote(host)
        user = unquote(user or '')
        passwd = unquote(passwd or '')
        host = socket.gethostbyname(host)
        if not port:
            import ftplib
            port = ftplib.FTP_PORT
        else:
            port = int(port)
        path, attrs = _splitattr(path)
        path = unquote(path)
        dirs = path.split('/')
        dirs, file = dirs[:-1], dirs[-1]
        if dirs and not dirs[0]: dirs = dirs[1:]
        if dirs and not dirs[0]: dirs[0] = '/'
        key = user, host, port, '/'.join(dirs)
        # XXX thread unsafe!
        if len(self.ftpcache) > MAXFTPCACHE:
            # Prune the cache, rather arbitrarily
            for k in list(self.ftpcache):
                if k != key:
                    v = self.ftpcache[k]
                    del self.ftpcache[k]
                    v.close()
        try:
            if key not in self.ftpcache:
                self.ftpcache[key] = \
                    ftpwrapper(user, passwd, host, port, dirs)
            if not file: type = 'D'
            else: type = 'I'
            for attr in attrs:
                attr, value = _splitvalue(attr)
                if attr.lower() == 'type' and \
                   value in ('a', 'A', 'i', 'I', 'd', 'D'):
                    type = value.upper()
            (fp, retrlen) = self.ftpcache[key].retrfile(file, type)
            mtype = mimetypes.guess_type("ftp:" + url)[0]
            headers = ""
            if mtype:
                headers += "Content-Type: %s\n" % mtype
            if retrlen is not None and retrlen >= 0:
                headers += "Content-Length: %d\n" % retrlen
            headers = email.message_from_string(headers)
            return addinfourl(fp, headers, "ftp:" + url)
        except ftperrors() as exp:
            raise URLError('ftp error %r' % exp).with_traceback(sys.exc_info()[2])

    def open_data(self, url, data=None):
        """Use "data" URL."""
        if not isinstance(url, str):
            raise URLError('data error: proxy support for data protocol currently not implemented')
        # ignore POSTed data
        #
        # syntax of data URLs:
        # dataurl   := "data:" [ mediatype ] [ ";base64" ] "," data
        # mediatype := [ type "/" subtype ] *( ";" parameter )
        # data      := *urlchar
        # parameter := attribute "=" value
        try:
            [type, data] = url.split(',', 1)
        except ValueError:
            raise OSError('data error', 'bad data URL')
        if not type:
            type = 'text/plain;charset=US-ASCII'
        semi = type.rfind(';')
        if semi >= 0 and '=' not in type[semi:]:
            encoding = type[semi+1:]
            type = type[:semi]
        else:
            encoding = ''
        msg = []
        msg.append('Date: %s'%time.strftime('%a, %d %b %Y %H:%M:%S GMT',
                                            time.gmtime(time.time())))
        msg.append('Content-type: %s' % type)
        if encoding == 'base64':
            # XXX is this encoding/decoding ok?
            data = base64.decodebytes(data.encode('ascii')).decode('latin-1')
        else:
            data = unquote(data)
        msg.append('Content-Length: %d' % len(data))
        msg.append('')
        msg.append(data)
        msg = '\n'.join(msg)
        headers = email.message_from_string(msg)
        f = io.StringIO(msg)
        #f.fileno = None     # needed for addinfourl
        return addinfourl(f, headers, url)


class FancyURLopener(URLopener):
    """Derived class with handlers for errors we can handle (perhaps)."""

    def __init__(self, *args, **kwargs):
        URLopener.__init__(self, *args, **kwargs)
        self.auth_cache = {}
        self.tries = 0
        self.maxtries = 10

    def http_error_default(self, url, fp, errcode, errmsg, headers):
        """Default error handling -- don't raise an exception."""
        return addinfourl(fp, headers, "http:" + url, errcode)

    def http_error_302(self, url, fp, errcode, errmsg, headers, data=None):
        """Error 302 -- relocated (temporarily)."""
        self.tries += 1
        try:
            if self.maxtries and self.tries >= self.maxtries:
                if hasattr(self, "http_error_500"):
                    meth = self.http_error_500
                else:
                    meth = self.http_error_default
                return meth(url, fp, 500,
                            "Internal Server Error: Redirect Recursion",
                            headers)
            result = self.redirect_internal(url, fp, errcode, errmsg,
                                            headers, data)
            return result
        finally:
            self.tries = 0

    def redirect_internal(self, url, fp, errcode, errmsg, headers, data):
        if 'location' in headers:
            newurl = headers['location']
        elif 'uri' in headers:
            newurl = headers['uri']
        else:
            return
        fp.close()

        # In case the server sent a relative URL, join with original:
        newurl = urljoin(self.type + ":" + url, newurl)

        urlparts = urlparse(newurl)

        # For security reasons, we don't allow redirection to anything other
        # than http, https and ftp.

        # We are using newer HTTPError with older redirect_internal method
        # This older method will get deprecated in 3.3

        if urlparts.scheme not in ('http', 'https', 'ftp', ''):
            raise HTTPError(newurl, errcode,
                            errmsg +
                            " Redirection to url '%s' is not allowed." % newurl,
                            headers, fp)

        return self.open(newurl)

    def http_error_301(self, url, fp, errcode, errmsg, headers, data=None):
        """Error 301 -- also relocated (permanently)."""
        return self.http_error_302(url, fp, errcode, errmsg, headers, data)

    def http_error_303(self, url, fp, errcode, errmsg, headers, data=None):
        """Error 303 -- also relocated (essentially identical to 302)."""
        return self.http_error_302(url, fp, errcode, errmsg, headers, data)

    def http_error_307(self, url, fp, errcode, errmsg, headers, data=None):
        """Error 307 -- relocated, but turn POST into error."""
        if data is None:
            return self.http_error_302(url, fp, errcode, errmsg, headers, data)
        else:
            return self.http_error_default(url, fp, errcode, errmsg, headers)

    def http_error_401(self, url, fp, errcode, errmsg, headers, data=None,
            retry=False):
        """Error 401 -- authentication required.
        This function supports Basic authentication only."""
        if 'www-authenticate' not in headers:
            URLopener.http_error_default(self, url, fp,
                                         errcode, errmsg, headers)
        stuff = headers['www-authenticate']
        match = re.match('[ \t]*([^ \t]+)[ \t]+realm="([^"]*)"', stuff)
        if not match:
            URLopener.http_error_default(self, url, fp,
                                         errcode, errmsg, headers)
        scheme, realm = match.groups()
        if scheme.lower() != 'basic':
            URLopener.http_error_default(self, url, fp,
                                         errcode, errmsg, headers)
        if not retry:
            URLopener.http_error_default(self, url, fp, errcode, errmsg,
                    headers)
        name = 'retry_' + self.type + '_basic_auth'
        if data is None:
            return getattr(self,name)(url, realm)
        else:
            return getattr(self,name)(url, realm, data)

    def http_error_407(self, url, fp, errcode, errmsg, headers, data=None,
            retry=False):
        """Error 407 -- proxy authentication required.
        This function supports Basic authentication only."""
        if 'proxy-authenticate' not in headers:
            URLopener.http_error_default(self, url, fp,
                                         errcode, errmsg, headers)
        stuff = headers['proxy-authenticate']
        match = re.match('[ \t]*([^ \t]+)[ \t]+realm="([^"]*)"', stuff)
        if not match:
            URLopener.http_error_default(self, url, fp,
                                         errcode, errmsg, headers)
        scheme, realm = match.groups()
        if scheme.lower() != 'basic':
            URLopener.http_error_default(self, url, fp,
                                         errcode, errmsg, headers)
        if not retry:
            URLopener.http_error_default(self, url, fp, errcode, errmsg,
                    headers)
        name = 'retry_proxy_' + self.type + '_basic_auth'
        if data is None:
            return getattr(self,name)(url, realm)
        else:
            return getattr(self,name)(url, realm, data)

    def retry_proxy_http_basic_auth(self, url, realm, data=None):
        host, selector = _splithost(url)
        newurl = 'http://' + host + selector
        proxy = self.proxies['http']
        urltype, proxyhost = _splittype(proxy)
        proxyhost, proxyselector = _splithost(proxyhost)
        i = proxyhost.find('@') + 1
        proxyhost = proxyhost[i:]
        user, passwd = self.get_user_passwd(proxyhost, realm, i)
        if not (user or passwd): return None
        proxyhost = "%s:%s@%s" % (quote(user, safe=''),
                                  quote(passwd, safe=''), proxyhost)
        self.proxies['http'] = 'http://' + proxyhost + proxyselector
        if data is None:
            return self.open(newurl)
        else:
            return self.open(newurl, data)

    def retry_proxy_https_basic_auth(self, url, realm, data=None):
        host, selector = _splithost(url)
        newurl = 'https://' + host + selector
        proxy = self.proxies['https']
        urltype, proxyhost = _splittype(proxy)
        proxyhost, proxyselector = _splithost(proxyhost)
        i = proxyhost.find('@') + 1
        proxyhost = proxyhost[i:]
        user, passwd = self.get_user_passwd(proxyhost, realm, i)
        if not (user or passwd): return None
        proxyhost = "%s:%s@%s" % (quote(user, safe=''),
                                  quote(passwd, safe=''), proxyhost)
        self.proxies['https'] = 'https://' + proxyhost + proxyselector
        if data is None:
            return self.open(newurl)
        else:
            return self.open(newurl, data)

    def retry_http_basic_auth(self, url, realm, data=None):
        host, selector = _splithost(url)
        i = host.find('@') + 1
        host = host[i:]
        user, passwd = self.get_user_passwd(host, realm, i)
        if not (user or passwd): return None
        host = "%s:%s@%s" % (quote(user, safe=''),
                             quote(passwd, safe=''), host)
        newurl = 'http://' + host + selector
        if data is None:
            return self.open(newurl)
        else:
            return self.open(newurl, data)

    def retry_https_basic_auth(self, url, realm, data=None):
        host, selector = _splithost(url)
        i = host.find('@') + 1
        host = host[i:]
        user, passwd = self.get_user_passwd(host, realm, i)
        if not (user or passwd): return None
        host = "%s:%s@%s" % (quote(user, safe=''),
                             quote(passwd, safe=''), host)
        newurl = 'https://' + host + selector
        if data is None:
            return self.open(newurl)
        else:
            return self.open(newurl, data)

    def get_user_passwd(self, host, realm, clear_cache=0):
        key = realm + '@' + host.lower()
        if key in self.auth_cache:
            if clear_cache:
                del self.auth_cache[key]
            else:
                return self.auth_cache[key]
        user, passwd = self.prompt_user_passwd(host, realm)
        if user or passwd: self.auth_cache[key] = (user, passwd)
        return user, passwd

    def prompt_user_passwd(self, host, realm):
        """Override this in a GUI environment!"""
        import getpass
        try:
            user = input("Enter username for %s at %s: " % (realm, host))
            passwd = getpass.getpass("Enter password for %s in %s at %s: " %
                (user, realm, host))
            return user, passwd
        except KeyboardInterrupt:
            print()
            return None, None


# Utility functions

_localhost = None
def localhost():
    """Return the IP address of the magic hostname 'localhost'."""
    global _localhost
    if _localhost is None:
        _localhost = socket.gethostbyname('localhost')
    return _localhost

_thishost = None
def thishost():
    """Return the IP addresses of the current host."""
    global _thishost
    if _thishost is None:
        try:
            _thishost = tuple(socket.gethostbyname_ex(socket.gethostname())[2])
        except socket.gaierror:
            _thishost = tuple(socket.gethostbyname_ex('localhost')[2])
    return _thishost

_ftperrors = None
def ftperrors():
    """Return the set of errors raised by the FTP class."""
    global _ftperrors
    if _ftperrors is None:
        import ftplib
        _ftperrors = ftplib.all_errors
    return _ftperrors

_noheaders = None
def noheaders():
    """Return an empty email Message object."""
    global _noheaders
    if _noheaders is None:
        _noheaders = email.message_from_string("")
    return _noheaders


# Utility classes

class ftpwrapper:
    """Class used by open_ftp() for cache of open FTP connections."""

    def __init__(self, user, passwd, host, port, dirs, timeout=None,
                 persistent=True):
        self.user = user
        self.passwd = passwd
        self.host = host
        self.port = port
        self.dirs = dirs
        self.timeout = timeout
        self.refcount = 0
        self.keepalive = persistent
        try:
            self.init()
        except:
            self.close()
            raise

    def init(self):
        import ftplib
        self.busy = 0
        self.ftp = ftplib.FTP()
        self.ftp.connect(self.host, self.port, self.timeout)
        self.ftp.login(self.user, self.passwd)
        _target = '/'.join(self.dirs)
        self.ftp.cwd(_target)

    def retrfile(self, file, type):
        import ftplib
        self.endtransfer()
        if type in ('d', 'D'): cmd = 'TYPE A'; isdir = 1
        else: cmd = 'TYPE ' + type; isdir = 0
        try:
            self.ftp.voidcmd(cmd)
        except ftplib.all_errors:
            self.init()
            self.ftp.voidcmd(cmd)
        conn = None
        if file and not isdir:
            # Try to retrieve as a file
            try:
                cmd = 'RETR ' + file
                conn, retrlen = self.ftp.ntransfercmd(cmd)
            except ftplib.error_perm as reason:
                if str(reason)[:3] != '550':
                    raise URLError('ftp error: %r' % reason).with_traceback(
                        sys.exc_info()[2])
        if not conn:
            # Set transfer mode to ASCII!
            self.ftp.voidcmd('TYPE A')
            # Try a directory listing. Verify that directory exists.
            if file:
                pwd = self.ftp.pwd()
                try:
                    try:
                        self.ftp.cwd(file)
                    except ftplib.error_perm as reason:
                        raise URLError('ftp error: %r' % reason) from reason
                finally:
                    self.ftp.cwd(pwd)
                cmd = 'LIST ' + file
            else:
                cmd = 'LIST'
            conn, retrlen = self.ftp.ntransfercmd(cmd)
        self.busy = 1

        ftpobj = addclosehook(conn.makefile('rb'), self.file_close)
        self.refcount += 1
        conn.close()
        # Pass back both a suitably decorated object and a retrieval length
        return (ftpobj, retrlen)

    def endtransfer(self):
        self.busy = 0

    def close(self):
        self.keepalive = False
        if self.refcount <= 0:
            self.real_close()

    def file_close(self):
        self.endtransfer()
        self.refcount -= 1
        if self.refcount <= 0 and not self.keepalive:
            self.real_close()

    def real_close(self):
        self.endtransfer()
        try:
            self.ftp.close()
        except ftperrors():
            pass

# Proxy handling
def getproxies_environment():
    """Return a dictionary of scheme -> proxy server URL mappings.

    Scan the environment for variables named <scheme>_proxy;
    this seems to be the standard convention.  If you need a
    different way, you can pass a proxies dictionary to the
    [Fancy]URLopener constructor.

    """
    proxies = {}
    # in order to prefer lowercase variables, process environment in
    # two passes: first matches any, second pass matches lowercase only
    for name, value in os.environ.items():
        name = name.lower()
        if value and name[-6:] == '_proxy':
            proxies[name[:-6]] = value
    # CVE-2016-1000110 - If we are running as CGI script, forget HTTP_PROXY
    # (non-all-lowercase) as it may be set from the web server by a "Proxy:"
    # header from the client
    # If "proxy" is lowercase, it will still be used thanks to the next block
    if 'REQUEST_METHOD' in os.environ:
        proxies.pop('http', None)
    for name, value in os.environ.items():
        if name[-6:] == '_proxy':
            name = name.lower()
            if value:
                proxies[name[:-6]] = value
            else:
                proxies.pop(name[:-6], None)
    return proxies

def proxy_bypass_environment(host, proxies=None):
    """Test if proxies should not be used for a particular host.

    Checks the proxy dict for the value of no_proxy, which should
    be a list of comma separated DNS suffixes, or '*' for all hosts.

    """
    if proxies is None:
        proxies = getproxies_environment()
    # don't bypass, if no_proxy isn't specified
    try:
        no_proxy = proxies['no']
    except KeyError:
        return False
    # '*' is special case for always bypass
    if no_proxy == '*':
        return True
    host = host.lower()
    # strip port off host
    hostonly, port = _splitport(host)
    # check if the host ends with any of the DNS suffixes
    for name in no_proxy.split(','):
        name = name.strip()
        if name:
            name = name.lstrip('.')  # ignore leading dots
            name = name.lower()
            if hostonly == name or host == name:
                return True
            name = '.' + name
            if hostonly.endswith(name) or host.endswith(name):
                return True
    # otherwise, don't bypass
    return False


# This code tests an OSX specific data structure but is testable on all
# platforms
def _proxy_bypass_macosx_sysconf(host, proxy_settings):
    """
    Return True iff this host shouldn't be accessed using a proxy

    This function uses the MacOSX framework SystemConfiguration
    to fetch the proxy information.

    proxy_settings come from _scproxy._get_proxy_settings or get mocked ie:
    { 'exclude_simple': bool,
      'exceptions': ['foo.bar', '*.bar.com', '127.0.0.1', '10.1', '10.0/16']
    }
    """
    from fnmatch import fnmatch

    hostonly, port = _splitport(host)

    def ip2num(ipAddr):
        parts = ipAddr.split('.')
        parts = list(map(int, parts))
        if len(parts) != 4:
            parts = (parts + [0, 0, 0, 0])[:4]
        return (parts[0] << 24) | (parts[1] << 16) | (parts[2] << 8) | parts[3]

    # Check for simple host names:
    if '.' not in host:
        if proxy_settings['exclude_simple']:
            return True

    hostIP = None

    for value in proxy_settings.get('exceptions', ()):
        # Items in the list are strings like these: *.local, 169.254/16
        if not value: continue

        m = re.match(r"(\d+(?:\.\d+)*)(/\d+)?", value)
        if m is not None:
            if hostIP is None:
                try:
                    hostIP = socket.gethostbyname(hostonly)
                    hostIP = ip2num(hostIP)
                except OSError:
                    continue

            base = ip2num(m.group(1))
            mask = m.group(2)
            if mask is None:
                mask = 8 * (m.group(1).count('.') + 1)
            else:
                mask = int(mask[1:])
            mask = 32 - mask

            if (hostIP >> mask) == (base >> mask):
                return True

        elif fnmatch(host, value):
            return True

    return False


if sys.platform == 'darwin':
    from _scproxy import _get_proxy_settings, _get_proxies

    def proxy_bypass_macosx_sysconf(host):
        proxy_settings = _get_proxy_settings()
        return _proxy_bypass_macosx_sysconf(host, proxy_settings)

    def getproxies_macosx_sysconf():
        """Return a dictionary of scheme -> proxy server URL mappings.

        This function uses the MacOSX framework SystemConfiguration
        to fetch the proxy information.
        """
        return _get_proxies()



    def proxy_bypass(host):
        """Return True, if host should be bypassed.

        Checks proxy settings gathered from the environment, if specified,
        or from the MacOSX framework SystemConfiguration.

        """
        proxies = getproxies_environment()
        if proxies:
            return proxy_bypass_environment(host, proxies)
        else:
            return proxy_bypass_macosx_sysconf(host)

    def getproxies():
        return getproxies_environment() or getproxies_macosx_sysconf()


elif os.name == 'nt':
    def getproxies_registry():
        """Return a dictionary of scheme -> proxy server URL mappings.

        Win32 uses the registry to store proxies.

        """
        proxies = {}
        try:
            import winreg
        except ImportError:
            # Std module, so should be around - but you never know!
            return proxies
        try:
            internetSettings = winreg.OpenKey(winreg.HKEY_CURRENT_USER,
                r'Software\Microsoft\Windows\CurrentVersion\Internet Settings')
            proxyEnable = winreg.QueryValueEx(internetSettings,
                                               'ProxyEnable')[0]
            if proxyEnable:
                # Returned as Unicode but problems if not converted to ASCII
                proxyServer = str(winreg.QueryValueEx(internetSettings,
                                                       'ProxyServer')[0])
                if '=' in proxyServer:
                    # Per-protocol settings
                    for p in proxyServer.split(';'):
                        protocol, address = p.split('=', 1)
                        # See if address has a type:// prefix
                        if not re.match('(?:[^/:]+)://', address):
                            address = '%s://%s' % (protocol, address)
                        proxies[protocol] = address
                else:
                    # Use one setting for all protocols
                    if proxyServer[:5] == 'http:':
                        proxies['http'] = proxyServer
                    else:
                        proxies['http'] = 'http://%s' % proxyServer
                        proxies['https'] = 'https://%s' % proxyServer
                        proxies['ftp'] = 'ftp://%s' % proxyServer
            internetSettings.Close()
        except (OSError, ValueError, TypeError):
            # Either registry key not found etc, or the value in an
            # unexpected format.
            # proxies already set up to be empty so nothing to do
            pass
        return proxies

    def getproxies():
        """Return a dictionary of scheme -> proxy server URL mappings.

        Returns settings gathered from the environment, if specified,
        or the registry.

        """
        return getproxies_environment() or getproxies_registry()

    def proxy_bypass_registry(host):
        try:
            import winreg
        except ImportError:
            # Std modules, so should be around - but you never know!
            return 0
        try:
            internetSettings = winreg.OpenKey(winreg.HKEY_CURRENT_USER,
                r'Software\Microsoft\Windows\CurrentVersion\Internet Settings')
            proxyEnable = winreg.QueryValueEx(internetSettings,
                                               'ProxyEnable')[0]
            proxyOverride = str(winreg.QueryValueEx(internetSettings,
                                                     'ProxyOverride')[0])
            # ^^^^ Returned as Unicode but problems if not converted to ASCII
        except OSError:
            return 0
        if not proxyEnable or not proxyOverride:
            return 0
        # try to make a host list from name and IP address.
        rawHost, port = _splitport(host)
        host = [rawHost]
        try:
            addr = socket.gethostbyname(rawHost)
            if addr != rawHost:
                host.append(addr)
        except OSError:
            pass
        try:
            fqdn = socket.getfqdn(rawHost)
            if fqdn != rawHost:
                host.append(fqdn)
        except OSError:
            pass
        # make a check value list from the registry entry: replace the
        # '<local>' string by the localhost entry and the corresponding
        # canonical entry.
        proxyOverride = proxyOverride.split(';')
        # now check if we match one of the registry values.
        for test in proxyOverride:
            if test == '<local>':
                if '.' not in rawHost:
                    return 1
            test = test.replace(".", r"\.")     # mask dots
            test = test.replace("*", r".*")     # change glob sequence
            test = test.replace("?", r".")      # change glob char
            for val in host:
                if re.match(test, val, re.I):
                    return 1
        return 0

    def proxy_bypass(host):
        """Return True, if host should be bypassed.

        Checks proxy settings gathered from the environment, if specified,
        or the registry.

        """
        proxies = getproxies_environment()
        if proxies:
            return proxy_bypass_environment(host, proxies)
        else:
            return proxy_bypass_registry(host)

else:
    # By default use environment variables
    getproxies = getproxies_environment
    proxy_bypass = proxy_bypass_environment
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allclose(a, b, masked_equal=True, rtol=1e-05, atol=1e-08)[source]

	Returns True if two arrays are element-wise equal within a tolerance.

This function is equivalent to allclose except that masked values
are treated as equal (default) or unequal, depending on the masked_equal
argument.


	Parameters

	
	a, barray_like
	Input arrays to compare.



	masked_equalbool, optional
	Whether masked values in a and b are considered equal (True) or not
(False). They are considered equal by default.



	rtolfloat, optional
	Relative tolerance. The relative difference is equal to rtol * b.
Default is 1e-5.



	atolfloat, optional
	Absolute tolerance. The absolute difference is equal to atol.
Default is 1e-8.







	Returns

	
	ybool
	Returns True if the two arrays are equal within the given
tolerance, False otherwise. If either array contains NaN, then
False is returned.










See also


	all, any
	

	numpy.allclose
	the non-masked allclose.







Notes

If the following equation is element-wise True, then allclose returns
True:

absolute(`a` - `b`) <= (`atol` + `rtol` * absolute(`b`))





Return True if all elements of a and b are equal subject to
given tolerances.

Examples

>>> a = np.ma.array([1e10, 1e-7, 42.0], mask=[0, 0, 1])
>>> a
masked_array(data=[10000000000.0, 1e-07, --],
             mask=[False, False,  True],
       fill_value=1e+20)
>>> b = np.ma.array([1e10, 1e-8, -42.0], mask=[0, 0, 1])
>>> np.ma.allclose(a, b)
False





>>> a = np.ma.array([1e10, 1e-8, 42.0], mask=[0, 0, 1])
>>> b = np.ma.array([1.00001e10, 1e-9, -42.0], mask=[0, 0, 1])
>>> np.ma.allclose(a, b)
True
>>> np.ma.allclose(a, b, masked_equal=False)
False





Masked values are not compared directly.

>>> a = np.ma.array([1e10, 1e-8, 42.0], mask=[0, 0, 1])
>>> b = np.ma.array([1.00001e10, 1e-9, 42.0], mask=[0, 0, 1])
>>> np.ma.allclose(a, b)
True
>>> np.ma.allclose(a, b, masked_equal=False)
False
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allequal(a, b, fill_value=True)[source]

	Return True if all entries of a and b are equal, using
fill_value as a truth value where either or both are masked.


	Parameters

	
	a, barray_like
	Input arrays to compare.



	fill_valuebool, optional
	Whether masked values in a or b are considered equal (True) or not
(False).







	Returns

	
	ybool
	Returns True if the two arrays are equal within the given
tolerance, False otherwise. If either array contains NaN,
then False is returned.










See also


	all, any
	

	numpy.ma.allclose
	





Examples

>>> a = np.ma.array([1e10, 1e-7, 42.0], mask=[0, 0, 1])
>>> a
masked_array(data=[10000000000.0, 1e-07, --],
             mask=[False, False,  True],
       fill_value=1e+20)





>>> b = np.array([1e10, 1e-7, -42.0])
>>> b
array([  1.00000000e+10,   1.00000000e-07,  -4.20000000e+01])
>>> np.ma.allequal(a, b, fill_value=False)
False
>>> np.ma.allequal(a, b)
True
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arange(start, stop=None, step=1, typecode=None, axis=None, attributes=None, id=None, dtype=None)

	Just like range() except it returns a variable whose type can be specfied
by the keyword argument typecode. The axis of the result variable may be specified.
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argsort(x, axis=- 1, fill_value=None)[source]

	Treating masked values as if they have the value fill_value,
return sort indices for sorting along given axis.
if fill_value is None, use fill_value(x)









            

          

      

      

    

  

  
    
    
    MV2
    

    

    
 
  

    
      
          
            
  
MV2


	
arrayrange(start, stop=None, step=1, typecode=None, axis=None, attributes=None, id=None, dtype=None)[source]

	Just like range() except it returns a variable whose type can be specfied
by the keyword argument typecode. The axis of the result variable may be specified.
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asVariable(s, writeable=1)[source]

	As Variable


	Returns

	
	s if s is a Variable; if writeable is 1,
	

	return s if s is a TransientVariable.
	

	If s is not a variable of
	

	the desired type, attempt to make it so and return that.
	

	If we fail raise CDMSError
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as_masked(data, dtype=None, copy=False, order=None, mask=False, fill_value=None, keep_mask=True, hard_mask=False, shrink=True, subok=True, ndmin=0)

	An array class with possibly masked values.

Masked values of True exclude the corresponding element from any
computation.

Construction:

x = MaskedArray(data, mask=nomask, dtype=None, copy=False, subok=True,
                ndmin=0, fill_value=None, keep_mask=True, hard_mask=None,
                shrink=True, order=None)






	Parameters

	
	dataarray_like
	Input data.



	masksequence, optional
	Mask. Must be convertible to an array of booleans with the same
shape as data. True indicates a masked (i.e. invalid) data.



	dtypedtype, optional
	Data type of the output.
If dtype is None, the type of the data argument (data.dtype)
is used. If dtype is not None and different from data.dtype,
a copy is performed.



	copybool, optional
	Whether to copy the input data (True), or to use a reference instead.
Default is False.



	subokbool, optional
	Whether to return a subclass of MaskedArray if possible (True) or a
plain MaskedArray. Default is True.



	ndminint, optional
	Minimum number of dimensions. Default is 0.



	fill_valuescalar, optional
	Value used to fill in the masked values when necessary.
If None, a default based on the data-type is used.



	keep_maskbool, optional
	Whether to combine mask with the mask of the input data, if any
(True), or to use only mask for the output (False). Default is True.



	hard_maskbool, optional
	Whether to use a hard mask or not. With a hard mask, masked values
cannot be unmasked. Default is False.



	shrinkbool, optional
	Whether to force compression of an empty mask. Default is True.



	order{‘C’, ‘F’, ‘A’}, optional
	Specify the order of the array.  If order is ‘C’, then the array
will be in C-contiguous order (last-index varies the fastest).
If order is ‘F’, then the returned array will be in
Fortran-contiguous order (first-index varies the fastest).
If order is ‘A’ (default), then the returned array may be
in any order (either C-, Fortran-contiguous, or even discontiguous),
unless a copy is required, in which case it will be C-contiguous.









Examples

The mask can be initialized with an array of boolean values
with the same shape as data.

>>> data = np.arange(6).reshape((2, 3))
>>> np.ma.MaskedArray(data, mask=[[False, True, False],
...                               [False, False, True]])
masked_array(
  data=[[0, --, 2],
        [3, 4, --]],
  mask=[[False,  True, False],
        [False, False,  True]],
  fill_value=999999)





Alternatively, the mask can be initialized to homogeneous boolean
array with the same shape as data by passing in a scalar
boolean value:

>>> np.ma.MaskedArray(data, mask=False)
masked_array(
  data=[[0, 1, 2],
        [3, 4, 5]],
  mask=[[False, False, False],
        [False, False, False]],
  fill_value=999999)





>>> np.ma.MaskedArray(data, mask=True)
masked_array(
  data=[[--, --, --],
        [--, --, --]],
  mask=[[ True,  True,  True],
        [ True,  True,  True]],
  fill_value=999999,
  dtype=int64)






Note

The recommended practice for initializing mask with a scalar
boolean value is to use True/False rather than
np.True_/np.False_. The reason is nomask
is represented internally as np.False_.

>>> np.False_ is np.ma.nomask
True
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asarray(data, typecode=None, dtype=None) is equivalent to array(data, dtype=None, copy=0)[source]

	Assarray


	Returns

	
	data if dtype is None or data is a MaskedArray of the same dtype.
	

	typecode arg is for backward compatibility.
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average(a, axis=None, weights=None, returned=False)[source]

	Return the weighted average of array over the given axis.


	Parameters

	
	aarray_like
	Data to be averaged.
Masked entries are not taken into account in the computation.



	axisint, optional
	Axis along which to average a. If None, averaging is done over
the flattened array.



	weightsarray_like, optional
	The importance that each element has in the computation of the average.
The weights array can either be 1-D (in which case its length must be
the size of a along the given axis) or of the same shape as a.
If weights=None, then all data in a are assumed to have a
weight equal to one.  The 1-D calculation is:

avg = sum(a * weights) / sum(weights)





The only constraint on weights is that sum(weights) must not be 0.



	returnedbool, optional
	Flag indicating whether a tuple (result, sum of weights)
should be returned as output (True), or just the result (False).
Default is False.







	Returns

	
	average, [sum_of_weights](tuple of) scalar or MaskedArray
	The average along the specified axis. When returned is True,
return a tuple with the average as the first element and the sum
of the weights as the second element. The return type is np.float64
if a is of integer type and floats smaller than float64, or the
input data-type, otherwise. If returned, sum_of_weights is always
float64.









Examples

>>> a = np.ma.array([1., 2., 3., 4.], mask=[False, False, True, True])
>>> np.ma.average(a, weights=[3, 1, 0, 0])
1.25





>>> x = np.ma.arange(6.).reshape(3, 2)
>>> x
masked_array(
  data=[[0., 1.],
        [2., 3.],
        [4., 5.]],
  mask=False,
  fill_value=1e+20)
>>> avg, sumweights = np.ma.average(x, axis=0, weights=[1, 2, 3],
...                                 returned=True)
>>> avg
masked_array(data=[2.6666666666666665, 3.6666666666666665],
             mask=[False, False],
       fill_value=1e+20)
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axisAllclose(ax1, ax2, rtol=1e-05, atol=1e-08)

	All close


	Parameters

	
	ax1, ax2array_like
	





	Returns

	
	bool
	True if all elements of axes ax1 and ax2 are close,
in the sense of numpy.ma.allclose.



	See Alsoall, any
	







Examples

>>> a = ma.array([1e10, 1e-7, 42.0], mask=[0, 0, 1])
>>> a
masked_array(data = [10000000000.0 1e-07 --],
             mask = [False False True],
       fill_value = 1e+20)
>>> b = ma.array([1e10, 1e-8, 42.0], mask=[0, 0, 1])
>>> ma.allclose(a, b)
False
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axisConcatenate(axes, id=None, attributes=None)

	Concatenate multiple axes including boundaries.


	Parameters

	
	axesAxes to concatenate
	

	idNew axis identification (default None)
	

	attributesAttributes to attached to the new Axis
	





	Returns

	
	Transient axis.
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axisTake(ax, indices)

	Take elements form an array along an axis


	Parameters

	
	axThe source array.
	

	indicesThe indices of the values to extract.
	





	Returns

	
	axisTransientAxis
	The return array has the same type of ax.
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choose(myindices, t)[source]

	Choose


	Returns

	
	an array shaped like indices containing elements chosen from t.
	

	If an element of t is the special element masked, any element of
	

	the result that “chooses” that element is masked. The result has
	

	only the default axes.
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commonAxes(a, bdom, omit=None)[source]

	Helper function for commonDomain.


	Parameters

	
	‘a’is a variable or array,
	

	‘b’is an axislist or None.
	















            

          

      

      

    

  

  
    
    
    MV2
    

    

    
 
  

    
      
          
            
  
MV2


	
commonDomain(a, b, omit=None)[source]

	Common Domain


	Parameters

	
	commonDomain(a,b)tests that the domains of variables/arrays a and b are equal,
	





	Returns

	
	the common domain if equal, or None if not equal.
	

	The domains may differ in that one domain may have leading
	

	axes not common to the other; the result domain will contain those axes.
	If <omit> is specified, as an integer i, skip comparison of the ith dimension
and return None for the ith (common) dimension.
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commonGrid(a, b, axes)[source]

	Common Grid


	Parameters

	
	commonGrid(a,b,axes)tests if the grids associated with variables a, b are equal
	and consistent with the list of axes.



	If so, the common grid is returned, else None is returned.
	

	a and b can be numpy arrays, in which case the result is None.
	

	The common grid is ‘consistent’ with axes if the grid axes (e.g., the axes of
	

	latitude and longitude coordinate variables) are members of the list ‘axes’.
	

	If the grid(s) of a, b are rectilinear, the result is None, as the grids
	

	are implicitly defined by the axes.
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commonGrid1(a, gb, axes)[source]

	Helper function for commonGrid.
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common_fill_value(a, b)[source]

	Return the common filling value of two masked arrays, if any.

If a.fill_value == b.fill_value, return the fill value,
otherwise return None.


	Parameters

	
	a, bMaskedArray
	The masked arrays for which to compare fill values.







	Returns

	
	fill_valuescalar or None
	The common fill value, or None.









Examples

>>> x = np.ma.array([0, 1.], fill_value=3)
>>> y = np.ma.array([0, 1.], fill_value=3)
>>> np.ma.common_fill_value(x, y)
3.0
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compress(a, b)[source]
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concatenate(arrays, axis=0, axisid=None, axisattributes=None)[source]

	Concatenate the arrays along the given axis. Give the extended axis the id and
attributes provided - by default, those of the first array.
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count(a, axis=None)[source]

	Count of the non-masked elements in a, or along a certain axis.
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create_mask(newshape, dtype=None)

	Return a boolean mask of the given shape, filled with False.

This function returns a boolean ndarray with all entries False, that can
be used in common mask manipulations. If a complex dtype is specified, the
type of each field is converted to a boolean type.


	Parameters

	
	newshapetuple
	A tuple indicating the shape of the mask.



	dtype{None, dtype}, optional
	If None, use a MaskType instance. Otherwise, use a new datatype with
the same fields as dtype, converted to boolean types.







	Returns

	
	resultndarray
	An ndarray of appropriate shape and dtype, filled with False.










See also


	make_mask
	Create a boolean mask from an array.



	make_mask_descr
	Construct a dtype description list from a given dtype.







Examples

>>> import numpy.ma as ma
>>> ma.make_mask_none((3,))
array([False, False, False])





Defining a more complex dtype.

>>> dtype = np.dtype({'names':['foo', 'bar'],
...                   'formats':[np.float32, np.int64]})
>>> dtype
dtype([('foo', '<f4'), ('bar', '<i8')])
>>> ma.make_mask_none((3,), dtype=dtype)
array([(False, False), (False, False), (False, False)],
      dtype=[('foo', '|b1'), ('bar', '|b1')])
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diagonal(a, offset=0, axis1=0, axis2=1)[source]

	Diagonal


	Parameters

	
	diagonal(a, offset=0, axis1=0, axis2 = 1)
	





	Returns

	
	The given diagonals defined by the two dimensions of the array.
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dot(a, b, strict=False, out=None)[source]

	Return the dot product of two arrays.

This function is the equivalent of numpy.dot that takes masked values
into account. Note that strict and out are in different position
than in the method version. In order to maintain compatibility with the
corresponding method, it is recommended that the optional arguments be
treated as keyword only.  At some point that may be mandatory.


Note

Works only with 2-D arrays at the moment.




	Parameters

	
	a, bmasked_array_like
	Inputs arrays.



	strictbool, optional
	Whether masked data are propagated (True) or set to 0 (False) for
the computation. Default is False.  Propagating the mask means that
if a masked value appears in a row or column, the whole row or
column is considered masked.



	outmasked_array, optional
	Output argument. This must have the exact kind that would be returned
if it was not used. In particular, it must have the right type, must be
C-contiguous, and its dtype must be the dtype that would be returned
for dot(a,b). This is a performance feature. Therefore, if these
conditions are not met, an exception is raised, instead of attempting
to be flexible.


New in version 1.10.2.












See also


	numpy.dot
	Equivalent function for ndarrays.







Examples

>>> a = np.ma.array([[1, 2, 3], [4, 5, 6]], mask=[[1, 0, 0], [0, 0, 0]])
>>> b = np.ma.array([[1, 2], [3, 4], [5, 6]], mask=[[1, 0], [0, 0], [0, 0]])
>>> np.ma.dot(a, b)
masked_array(
  data=[[21, 26],
        [45, 64]],
  mask=[[False, False],
        [False, False]],
  fill_value=999999)
>>> np.ma.dot(a, b, strict=True)
masked_array(
  data=[[--, --],
        [--, 64]],
  mask=[[ True,  True],
        [ True, False]],
  fill_value=999999)
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fill_value(ar)[source]
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filled(a, fill_value=None)[source]

	Return input as an array with masked data replaced by a fill value.

If a is not a MaskedArray, a itself is returned.
If a is a MaskedArray and fill_value is None, fill_value is set to
a.fill_value.


	Parameters

	
	aMaskedArray or array_like
	An input object.



	fill_valuearray_like, optional.
	Can be scalar or non-scalar. If non-scalar, the
resulting filled array should be broadcastable
over input array. Default is None.







	Returns

	
	andarray
	The filled array.










See also


	compressed
	





Examples

>>> x = np.ma.array(np.arange(9).reshape(3, 3), mask=[[1, 0, 0],
...                                                   [1, 0, 0],
...                                                   [0, 0, 0]])
>>> x.filled()
array([[999999,      1,      2],
       [999999,      4,      5],
       [     6,      7,      8]])
>>> x.filled(fill_value=333)
array([[333,   1,   2],
       [333,   4,   5],
       [  6,   7,   8]])
>>> x.filled(fill_value=np.arange(3))
array([[0, 1, 2],
       [0, 4, 5],
       [6, 7, 8]])
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fromfunction(f, dimensions)[source]

	Apply f to s to create an array as in numpy.
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getNumericCompatibility()[source]
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get_print_limit()[source]
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get_printoptions()

	Return the current print options.


	Returns

	
	print_optsdict
	Dictionary of current print options with keys



	precision : int


	threshold : int


	edgeitems : int


	linewidth : int


	suppress : bool


	nanstr : str


	infstr : str


	formatter : dict of callables


	sign : str







For a full description of these options, see set_printoptions.










See also


	set_printoptions, printoptions, set_string_function
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getmask(a)[source]

	Return the mask of a masked array, or nomask.

Return the mask of a as an ndarray if a is a MaskedArray and the
mask is not nomask, else return nomask. To guarantee a full array
of booleans of the same shape as a, use getmaskarray.


	Parameters

	
	aarray_like
	Input MaskedArray for which the mask is required.










See also


	getdata
	Return the data of a masked array as an ndarray.



	getmaskarray
	Return the mask of a masked array, or full array of False.







Examples

>>> import numpy.ma as ma
>>> a = ma.masked_equal([[1,2],[3,4]], 2)
>>> a
masked_array(
  data=[[1, --],
        [3, 4]],
  mask=[[False,  True],
        [False, False]],
  fill_value=2)
>>> ma.getmask(a)
array([[False,  True],
       [False, False]])





Equivalently use the MaskedArray mask attribute.

>>> a.mask
array([[False,  True],
       [False, False]])





Result when mask == nomask

>>> b = ma.masked_array([[1,2],[3,4]])
>>> b
masked_array(
  data=[[1, 2],
        [3, 4]],
  mask=False,
  fill_value=999999)
>>> ma.nomask
False
>>> ma.getmask(b) == ma.nomask
True
>>> b.mask == ma.nomask
True
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getmaskarray(arr)[source]

	Return the mask of a masked array, or full boolean array of False.

Return the mask of arr as an ndarray if arr is a MaskedArray and
the mask is not nomask, else return a full boolean array of False of
the same shape as arr.


	Parameters

	
	arrarray_like
	Input MaskedArray for which the mask is required.










See also


	getmask
	Return the mask of a masked array, or nomask.



	getdata
	Return the data of a masked array as an ndarray.







Examples

>>> import numpy.ma as ma
>>> a = ma.masked_equal([[1,2],[3,4]], 2)
>>> a
masked_array(
  data=[[1, --],
        [3, 4]],
  mask=[[False,  True],
        [False, False]],
  fill_value=2)
>>> ma.getmaskarray(a)
array([[False,  True],
       [False, False]])





Result when mask == nomask

>>> b = ma.masked_array([[1,2],[3,4]])
>>> b
masked_array(
  data=[[1, 2],
        [3, 4]],
  mask=False,
  fill_value=999999)
>>> ma.getmaskarray(b)
array([[False, False],
       [False, False]])
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indices(dimensions, dtype=<class 'int'>, sparse=False)

	Return an array representing the indices of a grid.

Compute an array where the subarrays contain index values 0, 1, …
varying only along the corresponding axis.


	Parameters

	
	dimensionssequence of ints
	The shape of the grid.



	dtypedtype, optional
	Data type of the result.



	sparseboolean, optional
	Return a sparse representation of the grid instead of a dense
representation. Default is False.


New in version 1.17.









	Returns

	
	gridone ndarray or tuple of ndarrays
	
	If sparse is False:
	Returns one array of grid indices,
grid.shape = (len(dimensions),) + tuple(dimensions).



	If sparse is True:
	Returns a tuple of arrays, with
grid[i].shape = (1, ..., 1, dimensions[i], 1, ..., 1) with
dimensions[i] in the ith place














See also


	mgrid, ogrid, meshgrid
	





Notes

The output shape in the dense case is obtained by prepending the number
of dimensions in front of the tuple of dimensions, i.e. if dimensions
is a tuple (r0, ..., rN-1) of length N, the output shape is
(N, r0, ..., rN-1).

The subarrays grid[k] contains the N-D array of indices along the
k-th axis. Explicitly:

grid[k, i0, i1, ..., iN-1] = ik





Examples

>>> grid = np.indices((2, 3))
>>> grid.shape
(2, 2, 3)
>>> grid[0]        # row indices
array([[0, 0, 0],
       [1, 1, 1]])
>>> grid[1]        # column indices
array([[0, 1, 2],
       [0, 1, 2]])





The indices can be used as an index into an array.

>>> x = np.arange(20).reshape(5, 4)
>>> row, col = np.indices((2, 3))
>>> x[row, col]
array([[0, 1, 2],
       [4, 5, 6]])





Note that it would be more straightforward in the above example to
extract the required elements directly with x[:2, :3].

If sparse is set to true, the grid will be returned in a sparse
representation.

>>> i, j = np.indices((2, 3), sparse=True)
>>> i.shape
(2, 1)
>>> j.shape
(1, 3)
>>> i        # row indices
array([[0],
       [1]])
>>> j        # column indices
array([[0, 1, 2]])
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innerproduct(a, b)

	Inner product of two arrays.

Ordinary inner product of vectors for 1-D arrays (without complex
conjugation), in higher dimensions a sum product over the last axes.


	Parameters

	
	a, barray_like
	If a and b are nonscalar, their last dimensions must match.







	Returns

	
	outndarray
	out.shape = a.shape[:-1] + b.shape[:-1]







	Raises

	
	ValueError
	If the last dimension of a and b has different size.










See also


	tensordot
	Sum products over arbitrary axes.



	dot
	Generalised matrix product, using second last dimension of b.



	einsum
	Einstein summation convention.







Notes

Masked values are replaced by 0.

For vectors (1-D arrays) it computes the ordinary inner-product:

np.inner(a, b) = sum(a[:]*b[:])





More generally, if ndim(a) = r > 0 and ndim(b) = s > 0:

np.inner(a, b) = np.tensordot(a, b, axes=(-1,-1))





or explicitly:

np.inner(a, b)[i0,...,ir-1,j0,...,js-1]
     = sum(a[i0,...,ir-1,:]*b[j0,...,js-1,:])





In addition a or b may be scalars, in which case:

np.inner(a,b) = a*b





Examples

Ordinary inner product for vectors:

>>> a = np.array([1,2,3])
>>> b = np.array([0,1,0])
>>> np.inner(a, b)
2





A multidimensional example:

>>> a = np.arange(24).reshape((2,3,4))
>>> b = np.arange(4)
>>> np.inner(a, b)
array([[ 14,  38,  62],
       [ 86, 110, 134]])





An example where b is a scalar:

>>> np.inner(np.eye(2), 7)
array([[7., 0.],
       [0., 7.]])
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isMA(x)

	Test whether input is an instance of MaskedArray.

This function returns True if x is an instance of MaskedArray
and returns False otherwise.  Any object is accepted as input.


	Parameters

	
	xobject
	Object to test.







	Returns

	
	resultbool
	True if x is a MaskedArray.










See also


	isMA
	Alias to isMaskedArray.



	isarray
	Alias to isMaskedArray.







Examples

>>> import numpy.ma as ma
>>> a = np.eye(3, 3)
>>> a
array([[ 1.,  0.,  0.],
       [ 0.,  1.,  0.],
       [ 0.,  0.,  1.]])
>>> m = ma.masked_values(a, 0)
>>> m
masked_array(
  data=[[1.0, --, --],
        [--, 1.0, --],
        [--, --, 1.0]],
  mask=[[False,  True,  True],
        [ True, False,  True],
        [ True,  True, False]],
  fill_value=0.0)
>>> ma.isMaskedArray(a)
False
>>> ma.isMaskedArray(m)
True
>>> ma.isMaskedArray([0, 1, 2])
False
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isMaskedArray(x)[source]

	Test whether input is an instance of MaskedArray.

This function returns True if x is an instance of MaskedArray
and returns False otherwise.  Any object is accepted as input.


	Parameters

	
	xobject
	Object to test.







	Returns

	
	resultbool
	True if x is a MaskedArray.










See also


	isMA
	Alias to isMaskedArray.



	isarray
	Alias to isMaskedArray.







Examples

>>> import numpy.ma as ma
>>> a = np.eye(3, 3)
>>> a
array([[ 1.,  0.,  0.],
       [ 0.,  1.,  0.],
       [ 0.,  0.,  1.]])
>>> m = ma.masked_values(a, 0)
>>> m
masked_array(
  data=[[1.0, --, --],
        [--, 1.0, --],
        [--, --, 1.0]],
  mask=[[False,  True,  True],
        [ True, False,  True],
        [ True,  True, False]],
  fill_value=0.0)
>>> ma.isMaskedArray(a)
False
>>> ma.isMaskedArray(m)
True
>>> ma.isMaskedArray([0, 1, 2])
False













            

          

      

      

    

  

  
    
    
    MV2
    

    

    
 
  

    
      
          
            
  
MV2


	
isMaskedVariable(x)[source]

	Is x a masked variable, that is, an instance of AbstractVariable?
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is_floating(x)[source]

	Is x a scalar float, either python or numpy?
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is_integer(x)[source]

	Is x a scalar integer, either python or numpy?
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is_mask(m)[source]

	Return True if m is a valid, standard mask.

This function does not check the contents of the input, only that the
type is MaskType. In particular, this function returns False if the
mask has a flexible dtype.


	Parameters

	
	marray_like
	Array to test.







	Returns

	
	resultbool
	True if m.dtype.type is MaskType, False otherwise.










See also


	isMaskedArray
	Test whether input is an instance of MaskedArray.







Examples

>>> import numpy.ma as ma
>>> m = ma.masked_equal([0, 1, 0, 2, 3], 0)
>>> m
masked_array(data=[--, 1, --, 2, 3],
             mask=[ True, False,  True, False, False],
       fill_value=0)
>>> ma.is_mask(m)
False
>>> ma.is_mask(m.mask)
True





Input must be an ndarray (or have similar attributes)
for it to be considered a valid mask.

>>> m = [False, True, False]
>>> ma.is_mask(m)
False
>>> m = np.array([False, True, False])
>>> m
array([False,  True, False])
>>> ma.is_mask(m)
True





Arrays with complex dtypes don’t return True.

>>> dtype = np.dtype({'names':['monty', 'pithon'],
...                   'formats':[bool, bool]})
>>> dtype
dtype([('monty', '|b1'), ('pithon', '|b1')])
>>> m = np.array([(True, False), (False, True), (True, False)],
...              dtype=dtype)
>>> m
array([( True, False), (False,  True), ( True, False)],
      dtype=[('monty', '?'), ('pithon', '?')])
>>> ma.is_mask(m)
False
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is_masked(x)[source]

	Is x a 0-D masked value?
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isarray(x)

	Test whether input is an instance of MaskedArray.

This function returns True if x is an instance of MaskedArray
and returns False otherwise.  Any object is accepted as input.


	Parameters

	
	xobject
	Object to test.







	Returns

	
	resultbool
	True if x is a MaskedArray.










See also


	isMA
	Alias to isMaskedArray.



	isarray
	Alias to isMaskedArray.







Examples

>>> import numpy.ma as ma
>>> a = np.eye(3, 3)
>>> a
array([[ 1.,  0.,  0.],
       [ 0.,  1.,  0.],
       [ 0.,  0.,  1.]])
>>> m = ma.masked_values(a, 0)
>>> m
masked_array(
  data=[[1.0, --, --],
        [--, 1.0, --],
        [--, --, 1.0]],
  mask=[[False,  True,  True],
        [ True, False,  True],
        [ True,  True, False]],
  fill_value=0.0)
>>> ma.isMaskedArray(a)
False
>>> ma.isMaskedArray(m)
True
>>> ma.isMaskedArray([0, 1, 2])
False
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left_shift(a, n)[source]

	Left shift n bits









            

          

      

      

    

  

  
    
    
    MV2
    

    

    
 
  

    
      
          
            
  
MV2


	
make_mask(m, copy=False, shrink=True, dtype=<class 'numpy.bool_'>)[source]

	Create a boolean mask from an array.

Return m as a boolean mask, creating a copy if necessary or requested.
The function can accept any sequence that is convertible to integers,
or nomask.  Does not require that contents must be 0s and 1s, values
of 0 are interpreted as False, everything else as True.


	Parameters

	
	marray_like
	Potential mask.



	copybool, optional
	Whether to return a copy of m (True) or m itself (False).



	shrinkbool, optional
	Whether to shrink m to nomask if all its values are False.



	dtypedtype, optional
	Data-type of the output mask. By default, the output mask has a
dtype of MaskType (bool). If the dtype is flexible, each field has
a boolean dtype. This is ignored when m is nomask, in which
case nomask is always returned.







	Returns

	
	resultndarray
	A boolean mask derived from m.









Examples

>>> import numpy.ma as ma
>>> m = [True, False, True, True]
>>> ma.make_mask(m)
array([ True, False,  True,  True])
>>> m = [1, 0, 1, 1]
>>> ma.make_mask(m)
array([ True, False,  True,  True])
>>> m = [1, 0, 2, -3]
>>> ma.make_mask(m)
array([ True, False,  True,  True])





Effect of the shrink parameter.

>>> m = np.zeros(4)
>>> m
array([0., 0., 0., 0.])
>>> ma.make_mask(m)
False
>>> ma.make_mask(m, shrink=False)
array([False, False, False, False])





Using a flexible dtype.

>>> m = [1, 0, 1, 1]
>>> n = [0, 1, 0, 0]
>>> arr = []
>>> for man, mouse in zip(m, n):
...     arr.append((man, mouse))
>>> arr
[(1, 0), (0, 1), (1, 0), (1, 0)]
>>> dtype = np.dtype({'names':['man', 'mouse'],
...                   'formats':[np.int64, np.int64]})
>>> arr = np.array(arr, dtype=dtype)
>>> arr
array([(1, 0), (0, 1), (1, 0), (1, 0)],
      dtype=[('man', '<i8'), ('mouse', '<i8')])
>>> ma.make_mask(arr, dtype=dtype)
array([(True, False), (False, True), (True, False), (True, False)],
      dtype=[('man', '|b1'), ('mouse', '|b1')])
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make_mask_none(newshape, dtype=None)[source]

	Return a boolean mask of the given shape, filled with False.

This function returns a boolean ndarray with all entries False, that can
be used in common mask manipulations. If a complex dtype is specified, the
type of each field is converted to a boolean type.


	Parameters

	
	newshapetuple
	A tuple indicating the shape of the mask.



	dtype{None, dtype}, optional
	If None, use a MaskType instance. Otherwise, use a new datatype with
the same fields as dtype, converted to boolean types.







	Returns

	
	resultndarray
	An ndarray of appropriate shape and dtype, filled with False.










See also


	make_mask
	Create a boolean mask from an array.



	make_mask_descr
	Construct a dtype description list from a given dtype.







Examples

>>> import numpy.ma as ma
>>> ma.make_mask_none((3,))
array([False, False, False])





Defining a more complex dtype.

>>> dtype = np.dtype({'names':['foo', 'bar'],
...                   'formats':[np.float32, np.int64]})
>>> dtype
dtype([('foo', '<f4'), ('bar', '<i8')])
>>> ma.make_mask_none((3,), dtype=dtype)
array([(False, False), (False, False), (False, False)],
      dtype=[('foo', '|b1'), ('bar', '|b1')])
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mask_or(m1, m2, copy=False, shrink=True)[source]

	Combine two masks with the logical_or operator.

The result may be a view on m1 or m2 if the other is nomask
(i.e. False).


	Parameters

	
	m1, m2array_like
	Input masks.



	copybool, optional
	If copy is False and one of the inputs is nomask, return a view
of the other input mask. Defaults to False.



	shrinkbool, optional
	Whether to shrink the output to nomask if all its values are
False. Defaults to True.







	Returns

	
	maskoutput mask
	The result masks values that are masked in either m1 or m2.







	Raises

	
	ValueError
	If m1 and m2 have different flexible dtypes.









Examples

>>> m1 = np.ma.make_mask([0, 1, 1, 0])
>>> m2 = np.ma.make_mask([1, 0, 0, 0])
>>> np.ma.mask_or(m1, m2)
array([ True,  True,  True, False])
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masked_array(a, mask=None, fill_value=None, axes=None, attributes=None, id=None)[source]

	Masked Array


	Parameters

	
	masked_array(a, mask=None) =  array(a, mask=mask, copy=0, fill_value=fill_value)
	

	Use fill_value(a) if None.
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masked_equal(x, value)[source]

	masked_equal(x, value) = x masked where x == value
For floating point consider masked_values(x, value) instead.
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masked_greater(x, value)[source]

	masked_greater(x, value) = x masked where x > value
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masked_greater_equal(x, value)[source]

	masked_greater_equal(x, value) = x masked where x >= value
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masked_inside(x, v1, v2)[source]

	x with mask of all values of x that are inside [v1,v2]
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masked_less(x, value)[source]

	masked_less(x, value) = x masked where x < value
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masked_less_equal(x, value)[source]

	masked_less_equal(x, value) = x masked where x <= value
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masked_not_equal(x, value)[source]

	masked_not_equal(x, value) = x masked where x != value
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masked_object(data, value, copy=1, savespace=0, axes=None, attributes=None, id=None)[source]

	Create array masked where exactly data equal to value
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masked_outside(x, v1, v2)[source]

	x with mask of all values of x that are outside [v1,v2]
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masked_values(data, value, rtol=1e-05, atol=1e-08, copy=1, savespace=0, axes=None, attributes=None, id=None)[source]

	Masked Values


	Parameters

	
	masked_values(data, value, rtol=1.e-5, atol=1.e-8)
	

	Create a masked array; mask is None if possible.
	

	May share data values with original array, but not recommended.
	

	Masked where abs(data-value)<= atol + rtol * abs(value)
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masked_where(condition, x, copy=1)[source]

	Marked Where


	Returns

	
	x as an array masked where condition is true. Also masked where x or condition masked.
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max(a, axis=None)[source]

	Return the maximum along a given axis.


	Parameters

	
	axis{None, int}, optional
	Axis along which to operate.  By default, axis is None and the
flattened input is used.



	outarray_like, optional
	Alternative output array in which to place the result.  Must
be of the same shape and buffer length as the expected output.



	fill_value{var}, optional
	Value used to fill in the masked values.
If None, use the output of maximum_fill_value().



	keepdimsbool, optional
	If this is set to True, the axes which are reduced are left
in the result as dimensions with size one. With this option,
the result will broadcast correctly against the array.







	Returns

	
	amaxarray_like
	New array holding the result.
If out was specified, out is returned.










See also


	maximum_fill_value
	Returns the maximum filling value for a given datatype.
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min(a, axis=None)[source]

	Return the minimum along a given axis.


	Parameters

	
	axis{None, int}, optional
	Axis along which to operate.  By default, axis is None and the
flattened input is used.



	outarray_like, optional
	Alternative output array in which to place the result.  Must be of
the same shape and buffer length as the expected output.



	fill_value{var}, optional
	Value used to fill in the masked values.
If None, use the output of minimum_fill_value.



	keepdimsbool, optional
	If this is set to True, the axes which are reduced are left
in the result as dimensions with size one. With this option,
the result will broadcast correctly against the array.







	Returns

	
	aminarray_like
	New array holding the result.
If out was specified, out is returned.










See also


	minimum_fill_value
	Returns the minimum filling value for a given datatype.
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ones(myshape, typecode=<class 'float'>, savespace=0, axes=None, attributes=None, id=None, grid=None, dtype=None)[source]

	ones(n, typecode=float, savespace=0, axes=None, attributes=None, id=None) =
an array of all ones of the given length or shape.
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outerproduct(a, b) = {a[i]*b[j]}, has shape (len(a), len(b))[source]
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power(a, b, third=None)[source]

	a**b
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product(a, axis=0, dtype=None)[source]

	Product of elements along axis.
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put(a, indices, values, mode='raise')[source]

	Set storage-indexed locations to corresponding values.

This function is equivalent to MaskedArray.put, see that method
for details.


See also


	MaskedArray.put
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putmask(a, mask, values)[source]

	Changes elements of an array based on conditional and input values.

This is the masked array version of numpy.putmask, for details see
numpy.putmask.


See also


	numpy.putmask
	





Notes

Using a masked array as values will not transform a ndarray into
a MaskedArray.
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repeat(a, repeats, axis=None)[source]

	repeat elements of a repeats times along axis
repeats is a sequence of length a.shape[axis]
telling how many times to repeat each element.
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reshape(a, newshape, axes=None, attributes=None, id=None, grid=None)[source]

	
	numpy doc: 
	Gives a new shape to an array without changing its data.






	Parameters

	
	aarray_like
	
Array to be reshaped.





	newshapeint or tuple of ints
	The new shape should be compatible with the original shape. If
an integer, then the result will be a 1-D array of that length.
One shape dimension can be -1. In this case, the value is
inferred from the length of the array and remaining dimensions.



	order{‘C’, ‘F’, ‘A’}, optional
	Read the elements of a using this index order, and place the
elements into the reshaped array using this index order.  ‘C’
means to read / write the elements using C-like index order,
with the last axis index changing fastest, back to the first
axis index changing slowest. ‘F’ means to read / write the
elements using Fortran-like index order, with the first index
changing fastest, and the last index changing slowest. Note that
the ‘C’ and ‘F’ options take no account of the memory layout of
the underlying array, and only refer to the order of indexing.
‘A’ means to read / write the elements in Fortran-like index
order if a is Fortran contiguous in memory, C-like order
otherwise.











	Returns

	
	reshaped_arrayndarray
	This will be a new view object if possible; otherwise, it will
be a copy.  Note there is no guarantee of the memory layout (C- or
Fortran- contiguous) of the returned array.










See also


	ndarray.reshape
	Equivalent method.







Notes

It is not always possible to change the shape of an array without
copying the data. If you want an error to be raised when the data is copied,
you should assign the new shape to the shape attribute of the array:

>>> a = np.zeros((10, 2))

# A transpose makes the array non-contiguous
>>> b = a.T

# Taking a view makes it possible to modify the shape without modifying
# the initial object.
>>> c = b.view()
>>> c.shape = (20)
Traceback (most recent call last):
   ...
AttributeError: Incompatible shape for in-place modification. Use
`.reshape()` to make a copy with the desired shape.





The order keyword gives the index ordering both for fetching the values
from a, and then placing the values into the output array.
For example, let’s say you have an array:

>>> a = np.arange(6).reshape((3, 2))
>>> a
array([[0, 1],
       [2, 3],
       [4, 5]])





You can think of reshaping as first raveling the array (using the given
index order), then inserting the elements from the raveled array into the
new array using the same kind of index ordering as was used for the
raveling.

>>> np.reshape(a, (2, 3)) # C-like index ordering
array([[0, 1, 2],
       [3, 4, 5]])
>>> np.reshape(np.ravel(a), (2, 3)) # equivalent to C ravel then C reshape
array([[0, 1, 2],
       [3, 4, 5]])
>>> np.reshape(a, (2, 3), order='F') # Fortran-like index ordering
array([[0, 4, 3],
       [2, 1, 5]])
>>> np.reshape(np.ravel(a, order='F'), (2, 3), order='F')
array([[0, 4, 3],
       [2, 1, 5]])





axes/attributes/grid are applied onto the new variable
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resize(a, new_shape)[source]

	Resize


	Returns

	
	a new array with the specified shape.
	

	The original array’s total size can be any size.
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right_shift(a, n)[source]

	Right shift n bits
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sctype2char(sctype)

	Return the string representation of a scalar dtype.


	Parameters

	
	sctypescalar dtype or object
	If a scalar dtype, the corresponding string character is
returned. If an object, sctype2char tries to infer its scalar type
and then return the corresponding string character.







	Returns

	
	typecharstr
	The string character corresponding to the scalar type.







	Raises

	
	ValueError
	If sctype is an object for which the type can not be inferred.










See also


	obj2sctype, issctype, issubsctype, mintypecode
	





Examples

>>> for sctype in [np.int32, np.double, np.complex_, np.string_, np.ndarray]:
...     print(np.sctype2char(sctype))
l # may vary
d
D
S
O





>>> x = np.array([1., 2-1.j])
>>> np.sctype2char(x)
'D'
>>> np.sctype2char(list)
'O'
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set_default_fill_value(value_type, value)[source]

	Set the default fill value for value_type to value.
Parameters
———-
value_type is a string : real’,’complex’,’character’,’integer’,or ‘object’.

value should be a scalar or single-element array.
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set_fill_value(a, fill_value)[source]

	Set the filling value of a, if a is a masked array.

This function changes the fill value of the masked array a in place.
If a is not a masked array, the function returns silently, without
doing anything.


	Parameters

	
	aarray_like
	Input array.



	fill_valuedtype
	Filling value. A consistency test is performed to make sure
the value is compatible with the dtype of a.







	Returns

	
	None
	Nothing returned by this function.










See also


	maximum_fill_value
	Return the default fill value for a dtype.



	MaskedArray.fill_value
	Return current fill value.



	MaskedArray.set_fill_value
	Equivalent method.







Examples

>>> import numpy.ma as ma
>>> a = np.arange(5)
>>> a
array([0, 1, 2, 3, 4])
>>> a = ma.masked_where(a < 3, a)
>>> a
masked_array(data=[--, --, --, 3, 4],
             mask=[ True,  True,  True, False, False],
       fill_value=999999)
>>> ma.set_fill_value(a, -999)
>>> a
masked_array(data=[--, --, --, 3, 4],
             mask=[ True,  True,  True, False, False],
       fill_value=-999)





Nothing happens if a is not a masked array.

>>> a = list(range(5))
>>> a
[0, 1, 2, 3, 4]
>>> ma.set_fill_value(a, 100)
>>> a
[0, 1, 2, 3, 4]
>>> a = np.arange(5)
>>> a
array([0, 1, 2, 3, 4])
>>> ma.set_fill_value(a, 100)
>>> a
array([0, 1, 2, 3, 4])
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set_print_limit(limit=inf)[source]
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set_printoptions(precision=None, threshold=None, edgeitems=None, linewidth=None, suppress=None, nanstr=None, infstr=None, formatter=None, sign=None, floatmode=None, *, legacy=None)

	Set printing options.

These options determine the way floating point numbers, arrays and
other NumPy objects are displayed.


	Parameters

	
	precisionint or None, optional
	Number of digits of precision for floating point output (default 8).
May be None if floatmode is not fixed, to print as many digits as
necessary to uniquely specify the value.



	thresholdint, optional
	Total number of array elements which trigger summarization
rather than full repr (default 1000).
To always use the full repr without summarization, pass sys.maxsize.



	edgeitemsint, optional
	Number of array items in summary at beginning and end of
each dimension (default 3).



	linewidthint, optional
	The number of characters per line for the purpose of inserting
line breaks (default 75).



	suppressbool, optional
	If True, always print floating point numbers using fixed point
notation, in which case numbers equal to zero in the current precision
will print as zero.  If False, then scientific notation is used when
absolute value of the smallest number is < 1e-4 or the ratio of the
maximum absolute value to the minimum is > 1e3. The default is False.



	nanstrstr, optional
	String representation of floating point not-a-number (default nan).



	infstrstr, optional
	String representation of floating point infinity (default inf).



	signstring, either ‘-‘, ‘+’, or ‘ ‘, optional
	Controls printing of the sign of floating-point types. If ‘+’, always
print the sign of positive values. If ‘ ‘, always prints a space
(whitespace character) in the sign position of positive values.  If
‘-‘, omit the sign character of positive values. (default ‘-‘)



	formatterdict of callables, optional
	If not None, the keys should indicate the type(s) that the respective
formatting function applies to.  Callables should return a string.
Types that are not specified (by their corresponding keys) are handled
by the default formatters.  Individual types for which a formatter
can be set are:


	‘bool’


	‘int’


	‘timedelta’ : a numpy.timedelta64


	‘datetime’ : a numpy.datetime64


	‘float’


	‘longfloat’ : 128-bit floats


	‘complexfloat’


	‘longcomplexfloat’ : composed of two 128-bit floats


	‘numpystr’ : types numpy.string_ and numpy.unicode_


	‘object’ : np.object_ arrays


	‘str’ : all other strings




Other keys that can be used to set a group of types at once are:


	‘all’ : sets all types


	‘int_kind’ : sets ‘int’


	‘float_kind’ : sets ‘float’ and ‘longfloat’


	‘complex_kind’ : sets ‘complexfloat’ and ‘longcomplexfloat’


	‘str_kind’ : sets ‘str’ and ‘numpystr’






	floatmodestr, optional
	Controls the interpretation of the precision option for
floating-point types. Can take the following values
(default maxprec_equal):


	
	‘fixed’: Always print exactly precision fractional digits,
	even if this would print more or fewer digits than
necessary to specify the value uniquely.







	
	‘unique’: Print the minimum number of fractional digits necessary
	to represent each value uniquely. Different elements may
have a different number of digits. The value of the
precision option is ignored.







	
	‘maxprec’: Print at most precision fractional digits, but if
	an element can be uniquely represented with fewer digits
only print it with that many.







	
	‘maxprec_equal’: Print at most precision fractional digits,
	but if every element in the array can be uniquely
represented with an equal number of fewer digits, use that
many digits for all elements.











	legacystring or False, optional
	If set to the string ‘1.13’ enables 1.13 legacy printing mode. This
approximates numpy 1.13 print output by including a space in the sign
position of floats and different behavior for 0d arrays. If set to
False, disables legacy mode. Unrecognized strings will be ignored
with a warning for forward compatibility.


New in version 1.14.0.












See also


	get_printoptions, printoptions, set_string_function, array2string
	





Notes

formatter is always reset with a call to set_printoptions.

Use printoptions as a context manager to set the values temporarily.

Examples

Floating point precision can be set:

>>> np.set_printoptions(precision=4)
>>> np.array([1.123456789])
[1.1235]





Long arrays can be summarised:

>>> np.set_printoptions(threshold=5)
>>> np.arange(10)
array([0, 1, 2, ..., 7, 8, 9])





Small results can be suppressed:

>>> eps = np.finfo(float).eps
>>> x = np.arange(4.)
>>> x**2 - (x + eps)**2
array([-4.9304e-32, -4.4409e-16,  0.0000e+00,  0.0000e+00])
>>> np.set_printoptions(suppress=True)
>>> x**2 - (x + eps)**2
array([-0., -0.,  0.,  0.])





A custom formatter can be used to display array elements as desired:

>>> np.set_printoptions(formatter={'all':lambda x: 'int: '+str(-x)})
>>> x = np.arange(3)
>>> x
array([int: 0, int: -1, int: -2])
>>> np.set_printoptions()  # formatter gets reset
>>> x
array([0, 1, 2])





To put back the default options, you can use:

>>> np.set_printoptions(edgeitems=3, infstr='inf',
... linewidth=75, nanstr='nan', precision=8,
... suppress=False, threshold=1000, formatter=None)





Also to temporarily override options, use printoptions as a context manager:

>>> with np.printoptions(precision=2, suppress=True, threshold=5):
...     np.linspace(0, 10, 10)
array([ 0.  ,  1.11,  2.22, ...,  7.78,  8.89, 10.  ])
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shape(obj)[source]

	Return the shape of an array.


	Parameters

	
	aarray_like
	Input array.







	Returns

	
	shapetuple of ints
	The elements of the shape tuple give the lengths of the
corresponding array dimensions.










See also


	alen
	

	ndarray.shape
	Equivalent array method.







Examples

>>> np.shape(np.eye(3))
(3, 3)
>>> np.shape([[1, 2]])
(1, 2)
>>> np.shape([0])
(1,)
>>> np.shape(0)
()





>>> a = np.array([(1, 2), (3, 4)], dtype=[('x', 'i4'), ('y', 'i4')])
>>> np.shape(a)
(2,)
>>> a.shape
(2,)
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size(obj, axis=None)[source]

	Return the number of elements along a given axis.


	Parameters

	
	aarray_like
	Input data.



	axisint, optional
	Axis along which the elements are counted.  By default, give
the total number of elements.







	Returns

	
	element_countint
	Number of elements along the specified axis.










See also


	shape
	dimensions of array



	ndarray.shape
	dimensions of array



	ndarray.size
	number of elements in array







Examples

>>> a = np.array([[1,2,3],[4,5,6]])
>>> np.size(a)
6
>>> np.size(a,1)
3
>>> np.size(a,0)
2
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sort(a, axis=- 1)[source]

	The sort axis is replaced with a dummy axis.

Return a sorted copy of the masked array.

Equivalent to creating a copy of the array
and applying the  MaskedArray sort() method.

Refer to MaskedArray.sort for the full documentation


See also


	MaskedArray.sort
	equivalent method















            

          

      

      

    

  

  
    
    
    MV2
    

    

    
 
  

    
      
          
            
  
MV2


	
squeeze(x)[source]

	call numpy.squeeze on ndarray and rebuild tvariable.
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sum(a, axis=None, fill_value=0, dtype=None)[source]

	Sum of elements along a certain axis.









            

          

      

      

    

  

  
    
    
    MV2
    

    

    
 
  

    
      
          
            
  
MV2


	
take(a, myindices, axis=None)[source]

	take(a, indices, axis=None) returns selection of items from a.
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transpose(a, axes=None)[source]

	transpose(a, axes=None) reorder dimensions per tuple axes
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where(condition, x, y)[source]

	where(condition, x, y) is x where condition is true, y otherwise
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zeros(myshape, typecode=<class 'float'>, savespace=0, axes=None, attributes=None, id=None, grid=None, dtype=None)[source]

	zeros(n, typecode=float, savespace=0, axes=None, attributes=None, id=None) =
an array of all zeros of the given length or shape.
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AbstractVariable.__abs__()[source]
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AbstractVariable.__add__(other)[source]
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AbstractVariable.__array__(t=None, context=None)[source]
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AbstractVariable.__call__(*args, **kwargs)[source]

	Selection of a subregion using selectors.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid
	

	orderif given, result is permuted into this order
	





	Returns

	
	Subregion selected
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AbstractVariable.__copy__()[source]
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AbstractVariable.__div__(other)[source]
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AbstractVariable.__eq__(other)[source]

	Return self==value.
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AbstractVariable.__floordiv__(other)[source]
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AbstractVariable.__ge__(other)[source]

	Return self>=value.
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AbstractVariable.__getitem__(key)[source]
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AbstractVariable.__getslice__(low, high)[source]
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AbstractVariable.__gt__(other)[source]

	Return self>value.
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AbstractVariable.__iadd__(other)[source]

	Add other to self in place.
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AbstractVariable.__idiv__(other)[source]

	Divide self by other in place.
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AbstractVariable.__imul__(other)[source]

	Multiply self by other in place.
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AbstractVariable.__init__(parent=None, variableNode=None)[source]

	Initialize self.  See help(type(self)) for accurate signature.
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AbstractVariable.__isub__(other)[source]

	Subtract other from self in place.
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AbstractVariable.__le__(other)[source]

	Return self<=value.
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AbstractVariable.__lshift__(n)[source]
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AbstractVariable.__lt__(other)[source]

	Return self<value.
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AbstractVariable.__mul__(other)[source]
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AbstractVariable.__ne__(other)[source]

	Return self!=value.
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AbstractVariable.__neg__()[source]
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AbstractVariable.__pow__(other, third=None)[source]
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AbstractVariable.__rdiv__(other)[source]

	







            

          

      

      

    

  

  
    
    
    cdms2.avariable:AbstractVariable
    

    

    
 
  

    
      
          
            
  
cdms2.avariable:AbstractVariable


	
AbstractVariable.__rmul__(other)
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AbstractVariable.__rshift__(n)[source]
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AbstractVariable.__rsub__(other)[source]
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AbstractVariable.__sqrt__()[source]
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AbstractVariable.__sub__(other)[source]
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AbstractVariable.__truediv__(other)[source]
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AbstractVariable._decodedType()[source]

	The datatype after decoding.
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AbstractVariable._getinternals()
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AbstractVariable._listatts()
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AbstractVariable._process_specs(specs, keys)[source]

	Process the arguments for a getSlice, getRegion, etc.
time, level, latitude, longitude keywords handled here


	Returns

	
	An array of specifications for all dimensions.
	

	Any Ellipsis has been eliminated.
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AbstractVariable._returnArray(ar, squeeze, singles=None)[source]
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AbstractVariable._setatts(value)
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AbstractVariable._setinternals(value)
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AbstractVariable._setmissing(name, value)[source]
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AbstractVariable._single_specs(specs)[source]

	Return a list of dimension indices where the spec is an index.
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AbstractVariable.assignValue(data)[source]
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AbstractVariable.astype(tc)[source]

	return self as array of given type.
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AbstractVariable.createattribute(name, value)

	Create an attribute and set its name to value.
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AbstractVariable.crossSectionRegrid(newLevel, newLatitude, missing=None, order=None, method='log')[source]

	Return the variable regridded to new pressure levels and latitudes.
The variable should be a function of lat, level, and (optionally) time.


	Parameters

	
	newLevelis an axis of the result pressure levels.
	

	newLatitudeis an axis of latitude values.
	

	methodOptional either “log” to interpolate in the log of pressure (default),
	or “linear” for linear interpolation.



	missing and orderare as for regrid.CrossSectionRegridder.
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AbstractVariable.decode(ar)[source]

	Decode compressed data.


	Parameters

	
	aris a masked array, scalar, or numpy.ma.masked.
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AbstractVariable.deleteattribute(name)

	Delete the named attribute.
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AbstractVariable.expertSlice(slicelist)[source]
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AbstractVariable.generateGridkey(convention, vardict)[source]

	Determine if the variable is gridded.


	Parameters

	
	conventionMetadata convention class
	

	vardictVariable metedata
	





	Returns

	
	((latname, lonname, order, maskname, class), lat, lon) if gridded
	

	(None, None, None) if not gridded
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AbstractVariable.generateRectGridkey(lat, lon)[source]

	Determine if the variable is gridded, rectilinear.


	Parameters

	
	latlatitude axis
	

	lonlongitude axis
	





	Returns

	
	(latname, lonname, order, maskname, class) if gridded, None if not gridded.
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AbstractVariable.getAxis(n)[source]

	Get the n-th axis.


	Parameters

	
	nAxis number
	





	Returns

	
	if n < 0: n = n + self.rank()
	

	self.getDomain()[n][0]
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AbstractVariable.getAxisIds()[source]

	Get a list of axis identifiers.


	Returns

	
	array list of axis ids
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AbstractVariable.getAxisIndex(axis_spec)[source]

	Get the index of the axis specificed by axis_spec.


	Parameters

	
	axis_spec :
	





	Returns

	
	the axis index or -1 if no match is found.
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AbstractVariable.getAxisList(axes=None, omit=None, order=None)[source]

	Get the list of axis objects

Notes

If axes is not None, include only certain axes.
If omit is not None, omit those specified by omit.

Arguments omit or axes  may be as specified in axisMatchAxis

order is an optional string determining the output order
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AbstractVariable.getAxisListIndex(axes=None, omit=None, order=None)[source]

	Get Axis List Index


	Returns

	
	a list of indices of axis objects
	







Notes

If axes is not None, include only certain axes.
less the ones specified in omit.

If axes is None, use all axes of this variable.

Other specificiations are as for axisMatchIndex.
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AbstractVariable.getConvention()[source]

	Get the metadata convention associated with this object.
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AbstractVariable.getDomain()[source]

	Get the list of axes
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AbstractVariable.getForecast()[source]
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AbstractVariable.getForecastTime()[source]

	Get the first forecast time dimension.


	Returns

	
	First forecast time dimension axis or None.
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AbstractVariable.getGrid()[source]
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AbstractVariable.getGridIndices()[source]

	Get Grid Indices


	Returns

	
	a tuple of indices corresponding to the variable grid.
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AbstractVariable.getLatitude()[source]

	Get the first latitude dimension.


	Returns

	
	First latitude dimension axis or None.
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AbstractVariable.getLevel()[source]

	Get the first vertical level dimension in the domain.


	Returns

	
	First vertical level dimension axis or None.
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AbstractVariable.getLongitude()[source]

	Get the first longitude dimension.


	Returns

	
	First longitude dimension axis or None.
	















            

          

      

      

    

  

  
    
    
    cdms2.avariable:AbstractVariable
    

    

    
 
  

    
      
          
            
  
cdms2.avariable:AbstractVariable


	
AbstractVariable.getMissing(asarray=0)[source]

	Get Missing


	Parameters

	
	asarray‘0’
	

	‘1’numpy array
	





	Returns

	
	the missing value as a scalar, or as a numpy array if asarray==1
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AbstractVariable.getOrder(ids=0)[source]

	Get Order


	Parameters

	
	id0 or 1
	





	Returns

	
	the order string, such as t, z, y, x (time, level, lat, lon).
	

	Notes
	




	
	if ids == 0 (the default) for an axis that is not t,z,x,y
	the order string will contain a (-) character in that location.
The result string will be of the same length as the number
of axes. This makes it easy to loop over the dimensions.







	
	if ids == 1 those axes will be represented in the order
	string as (id) where id is that axis’ id. The result will
be suitable for passing to order2index to get the
corresponding axes, and to orderparse for dividing up into
components.
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AbstractVariable.getRegion(*specs, **keys)[source]

	Read a region of data. A region is an n-dimensional rectangular region specified in coordinate space.


	Parameters

	
	sliceis an argument list, each item of which has one of the following forms:
	
	
	x, where x is a scalar
	
	Map the scalar to the index of the closest coordinate value.










	
	(x, y)
	
	Map the half-open coordinate interval [x,y) to index interval.










	
	(x, y, ‘cc’)
	
	Map the closed interval [x,y] to index interval. Other options
are ‘oo’ (open), ‘oc’ (open on the left), and ‘co’
(open on the right, the default).










	
	(x, y, ‘co’, cycle)
	
	Map the coordinate interval with wraparound. If no cycle is
specified, wraparound will occur iff axis.isCircular() is true.














	EllipsisRepresents the full range of all dimensions bracketed by non-Ellipsis items.
	

	None, colonRepresents the full range of one dimension.
	

	Notes
	

	Only one dimension may be wrapped.
	

	Example
	

	Suppose the variable domain is `(time, level, lat, lon)`. Then
	>>> getRegion((10, 20), 850, Ellipsis,(-180, 180))






	retrieves :
	
	all times t such that 10.<=t<20.


	level 850.


	all values of all dimensions between level and lon (namely, lat).


	longitudes x such that -180<=x<180. This will be wrapped unless lon.topology==’linear’.
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AbstractVariable.getSlice(*specs, **keys)[source]

	getSlice takes arguments of the following forms and produces
a return array.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid.
	

	orderif given, result is permuted into this order
	

	numericSqueezeif index slice is given, eliminate that dimension.
	

	isitemif given, result is return as a scaler for 0-D data
	

	Notes
	

	There can be zero or more positional arguments, each of the form:
	

	#. a single integer n, meaning slice(n, n+1)
	

	#. an instance of the slice class
	

	#. a tuple, which will be used as arguments to create a slice
	

	#. `None` or `:`, which means a slice covering that entire dimension
	

	#. Ellipsis (…), which means to fill the slice list with `:`
	leaving only enough room at the end for the remaining positional arguments



	There can be keyword arguments of the form key = value, where
	

	key can be one of the names `time`, `level`, `latitude`, or
	

	`longitude`. The corresponding value can be any of (1)-(5) above.
	

	There must be no conflict between the positional arguments and
	

	the keywords.
	

	In (1)-(5) negative numbers are treated as offsets from the end
	

	of that dimension, as in normal Python indexing.
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AbstractVariable.getTime()[source]

	Get the first time dimension.


	Returns

	
	First Time dimension axis or None.
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AbstractVariable.getValue(squeeze=1)[source]

	Get the entire set of values.


	Returns

	
	All values and elimite the 1-D dimension.
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AbstractVariable.getattribute(name)

	Get the attribute name.
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AbstractVariable.getdimattribute(dim, field)

	Get the attribute named field from the dim’th dimension.
For bounds returns the old cu one-dimensional version.
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AbstractVariable.hasCellData()[source]

	If any of the variable’s axis has explicit bounds, we have cell data
otherwise we have point data.


	Returns

	
	True or False if axis has cell data.
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AbstractVariable.info(flag=None, device=None)[source]

	Write info about slab; include dimension values and weights if flag
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AbstractVariable.isAbstractCoordinate()[source]
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AbstractVariable.isEncoded()[source]

	True if self is represented as packed data.
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AbstractVariable.listall(all=None)

	Get list of info about this slab.
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AbstractVariable.listattributes()

	Return a list of attribute names.
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AbstractVariable.listdimattributes(dim)

	List the legal axis field names.
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AbstractVariable.listdimnames()

	Return a list of the names of the dimensions.
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AbstractVariable.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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AbstractVariable.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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AbstractVariable.pressureRegrid(newLevel, missing=None, order=None, method='log')[source]

	Return the variable regridded to new pressure levels.
The variable should be a function of lat, lon, pressure, and (optionally) time.


	Parameters

	
	newLevelis an axis of the result pressure levels.
	

	methodis optional, either log to interpolate in the log of pressure (default),
	or linear for linear interpolation.



	missing and orderare as for regrid.PressureRegridder.
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AbstractVariable.rank()[source]
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AbstractVariable.reg_specs2slices(initspeclist, force=None)[source]
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AbstractVariable.regrid(togrid, missing=None, order=None, mask=None, **keywords)[source]

	return self regridded to the new grid.
One can use the regrid2.Regridder optional arguments as well.

Example

>>> new_cdmsVar = cdmsVar.regrid(newGrid)  # uses libcf
>>> new_cdmsVar = cdmsVar.regrid(newGrid, regridMethod = 'conserve', coordSys = 'cart')






	Parameters

	
	togridtogrid destination grid. CDMS grid
	

	missingOptional missing missing values
	

	orderOptional order axis order
	

	maskOptional mask grid/data mask
	

	**keyords
	

	keywords optional keyword arguments dependent on regridTool
	





	Returns

	
	regridded variable
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AbstractVariable.reorder(order)[source]

	Reorder per the specification order.


	Parameters

	
	orderstring can be “tzyx” with all possible axes permutation.
	





	Returns

	
	New reordered variable.
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AbstractVariable.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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AbstractVariable.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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AbstractVariable.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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AbstractVariable.select(*args, **kwargs)

	Selection of a subregion using selectors.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid
	

	orderif given, result is permuted into this order
	





	Returns

	
	Subregion selected
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AbstractVariable.setGrid(grid)[source]
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AbstractVariable.setMissing(value)[source]

	Set the missing value.


	Parameters

	
	valuescalar, a single-valued numpy array, or None.
	

	Note :
	

	The value is cast to the same type as the variable.
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AbstractVariable.setattribute(name, value)

	Set the attribute name to value.
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AbstractVariable.showdim()

	Show the dimension attributes and values.
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AbstractVariable.specs2slices(speclist, force=None)[source]

	Create an equivalent list of slices from an index specification.
An index specification is a list of acceptable items, which are



	an integer


	a slice instance (slice(start, stop, stride))


	the object “unspecified”


	the object None


	a colon







The size of the speclist must be self.rank()
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AbstractVariable.squeeze()[source]
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AbstractVariable.subRegion(*specs, **keys)[source]
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AbstractVariable.subSlice(*specs, **keys)[source]
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AbstractVariable.typecode()[source]
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_getCoordList(grid)[source]

	Return a CDMS coordinate list from a CDMS grid


	Returns

	
	lats, lons
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axisMatchAxis(axes, specifications=None, omit=None, order=None)[source]

	Match a list of axes following a specification or list of
specificatons, and a specification or list of specifications
of those axes to omit.


	Parameters

	
	specifications :
	
	is None, include all axes less the omitted ones.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	omit :
	
	is None, do not omit any axis.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	order :
	
	A string containing the symbols t,x,y,z or -.  If a - is
given, any elements of the result not chosen otherwise are filled
in from left to right with remaining candidates.










	Returns

	
	A list of axes that match the specification omitting any axes that matches
	

	an omit specification.
	

	Axes are returned in the order they occur in the axes argument unless order is given.
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axisMatchIndex(axes, specifications=None, omit=None, order=None)[source]

	Match a list of axes following a specification or list of
specificatons, and a specification or list of specifications
of those axes to omit.


	Parameters

	
	specifications :
	
	is None, include all axes less the omitted ones.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	omit :
	
	is None, do not omit any axis.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	order :
	
	A string containing the symbols t,x,y,z or -.  If a - is
given, any elements of the result not chosen otherwise are filled
in from left to right with remaining candidates.










	Returns

	
	A list of axis’ indices which match the specification omitting any axes that matches an omit specification.
	

	Axes are returned in the order they occur in the axes argument unless order is given.
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axisMatches(axis, specification)[source]

	Axis Matches


	Parameters

	
	axisSee note below
	

	specificationsSee note below
	





	Returns

	
	1 or 0 depending on whether axis matches the specification.
	

	Notes
	

	Specification must be one of:
	




	
	a string representing an axis id or one of the keywords time,
	fctau0, latitude or lat, longitude or lon, or lev or level.







	
	Axis may be surrounded with parentheses or spaces.
	
	We first attempt to match the axis id and the specification.


	Keywords try to match using isTime, isLatitude, etc.


	Comparisons to keywords and axis ids is case-insensitive.










	
	a function that takes an axis as an argument and returns a value.
	
	if the value returned is true, the axis matches.










	
	an axis object; will match if it is the same object as axis.
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getBoundList(coordList, mask=None, removeBadCells=False, badCellIndices=[])[source]

	Return a list of bounds built from a list of coordinates


	Parameters

	
	coordList
	
coordinate list, should have getBounds()





	mask
	avoid checking areas where mask is one



	removeBadCells
	set to True if you want to the code to remove bad cells, ie zero cells, butterfly cells, …



	maskCellIndices
	list of bad cell indices to mask out (output)











	Returns

	
	[latBounds, lonBounds]
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getMinHorizontalMask(var)[source]

	Get the minimum mask associated with ‘x’ and ‘y’
(i.e. with the min number of ones) across all axes


	Parameters

	
	varCDMS variable with a mask
	

	N/ANone
	





	Returns

	
	mask array or Noneif order ‘x’ and ‘y’ were not found
	















            

          

      

      

    

  

  
    
    
    cdms2.avariable
    

    

    
 
  

    
      
          
            
  
cdms2.avariable


	
getNumericCompatibility()[source]
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guessPeriodicity(srcBounds)[source]

	Guess if a src grid is periodic


	Parameters

	
	srcBoundsthe nodal src set of coordinates
	





	Returns

	
	1 if periodic, warp around, 0 otherwise
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order2index(axes, order)[source]

	Find the index permutation of axes to match order.
The argument order is a string.

Note:



	Order elements can be:
	
	Letters t, x, y, z meaning time, longitude, latitude, level.


	Numbers 0-9 representing position in axes


	The letter - meaning insert the next available axis here.


	The ellipsis … meaning fill these positions with any remaining axes.


	(name) meaning an axis whose id is name.
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orderparse(order)[source]

	Parse an order string. Returns a list of axes specifiers.

Note:



	Order elements can be:
	
	Letters t, x, y, z meaning time, longitude, latitude, level


	Numbers 0-9 representing position in axes


	The letter - meaning insert the next available axis here.


	The ellipsis … meaning fill these positions with any remaining axes.


	(name) meaning an axis whose id is name
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setNumericCompatibility(mode)[source]
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splitSlice(s, size)[source]

	For a ‘wraparound’ slice, return two equivalent slices
within the range 0..size-1.
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splitSliceExt(s, size)[source]

	mf 20010330 –
For a ‘wraparound’ slice, return N equivalent slices
within the range 0…(N*size) N = anything
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AbstractAxis._time2value(value)[source]

	Returns value converted to relative time.

Uses axis attributes to convert value to relative time.


	Parameters

	
	value(ComptimeType, ReltimeType, str)
	Value to convert to relative time.







	Returns

	
	str
	Relative time value.
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AbstractAxis.asComponentTime(calendar=None)[source]

	Returns values as component time if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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AbstractAxis.asDTGTime(calendar=None)[source]

	Returns values as DTG if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.

















            

          

      

      

    

  

  
    
    
    cdms2.axis:AbstractAxis
    

    

    
 
  

    
      
          
            
  
cdms2.axis:AbstractAxis


	
AbstractAxis.asRelativeTime(units=None)[source]

	Returns values as relative time if axis represents time.


	Parameters

	
	unitsstr
	Base units used in conversion of values.
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AbstractAxis.asdatetime(calendar=None)[source]

	Returns values as datetime.datetime if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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AbstractAxis.clone(copyData=1)[source]

	Clone axis.


	Parameters

	
	copyDataint
	1 Will copy the data.
0 Will use a reference of the axis data.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing a clone.
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AbstractAxis.getBounds(isGeneric=None)[source]

	Gets axis bounds.


	Parameters

	
	isGenericbool
	If True generic bounds will be generated otherwise bounds in file
be returned.
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AbstractAxis.getBoundsForDualGrid(dualGrid)[source]

	Get explicit bounds for dual grid.


	Parameters

	
	dualGridbool
	True if targetting dual grids otherwise False.







	Returns

	
	numpy.ndarray
	If bounds are explicit and dualGrid is True then the explicit
bounds are returned otherwise None is.

If bounds are no explicit and dualGrid is False then the bounds
are returned otherise None is.
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AbstractAxis.getExplicitBounds()[source]

	Gets explicit bounds.


	Returns

	
	numpy.ndarray
	Returns bounds if they are cells otherise None is returned.
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AbstractAxis.info(flag=None, device=None)[source]

	Write info about axis; include dimension values and weights if flag
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AbstractAxis.isVirtual()[source]

	Return true iff coordinate values are implicitly defined.
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AbstractAxis.listall(all=None)[source]

	List axis information.


	Parameters

	
	allbool
	If True values and bounds will be printed.







	Returns

	
	str
	Returns a string with all the information about the axis.

















            

          

      

      

    

  

  
    
    
    cdms2.axis:AbstractAxis
    

    

    
 
  

    
      
          
            
  
cdms2.axis:AbstractAxis


	
AbstractAxis.mapInterval(interval, indicator='ccn', cycle=None)[source]

	Map coordinate interval to index interval. interval has one of the forms



	(x,y)


	(x,y,indicator): indicator overrides keywork argument


	(x,y,indicator,cycle): indicator, cycle override keyword arguments


	None: indicates the full interval







where x and y are the endpoints in coordinate space. indicator is a
two-character string, where the first character is c if the interval
is closed on the left, o if open, and the second character has the
same meaning for the right-hand point. Set cycle to a nonzero value
to force wraparound.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.







	Returns

	
	The corresponding index interval (i,j), where i<j, indicating
	

	the half-open index interval [i,j), or None if the intersection is empty.
	

	For an axis which is circular (self.topology == ‘circular’), [i,j)
	

	is interpreted as follows (where N = len(self)):
	




	if j<=N, the interval does not wrap around the axis endpoint
..


	if j>N, the interval wraps around, and is equivalent to the
two consecutive intervals [i,N), [0,j-N)





	Example:
	
if the vector is [0,2,4,…,358] of length 180,and the coordinate
interval is [-5,5), the return index interval is[178,183). This is
equivalent to the two intervals [178,180) and [0,3).





	Note:
	if the interval is interior to the axis, but does not span any axis element,
a singleton (i,i+1) indicating an adjacent index is returned.
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AbstractAxis.mapIntervalExt(interval, indicator='ccn', cycle=None, epsilon=None)[source]

	Extended mapInterval.

See mapInterval for full documentation.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.



	epsilonNot use.
	





	Returns

	
	int, int, int
	Returns tuple containing the first and last index along with the stride.

















            

          

      

      

    

  

  
    
    
    cdms2.axis:AbstractAxis
    

    

    
 
  

    
      
          
            
  
cdms2.axis:AbstractAxis


	
AbstractAxis.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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AbstractAxis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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AbstractAxis.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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AbstractAxis.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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AbstractAxis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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AbstractAxis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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AbstractAxis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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AbstractAxis.toRelativeTime(units, calendar=None)[source]

	Converts values in-place to relative time.


	Parameters

	
	unitsstr
	Base units used converting component to relative values.



	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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Axis._time2value(value)

	Returns value converted to relative time.

Uses axis attributes to convert value to relative time.


	Parameters

	
	value(ComptimeType, ReltimeType, str)
	Value to convert to relative time.







	Returns

	
	str
	Relative time value.
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Axis.asComponentTime(calendar=None)

	Returns values as component time if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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Axis.asDTGTime(calendar=None)

	Returns values as DTG if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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Axis.asRelativeTime(units=None)

	Returns values as relative time if axis represents time.


	Parameters

	
	unitsstr
	Base units used in conversion of values.
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Axis.asdatetime(calendar=None)

	Returns values as datetime.datetime if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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Axis.clone(copyData=1)

	Clone axis.


	Parameters

	
	copyDataint
	1 Will copy the data.
0 Will use a reference of the axis data.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing a clone.
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Axis.getBounds(isGeneric=None)[source]

	Get axis bounds.

If bounds are not available and you want them generated set the correct
behavior using setAutoBounds.


	Parameters

	
	isGenericlist of bool
	First value is set True if bounds are generated.







	Returns

	
	numpy.ndarray
	Returns bounds if available, generates bounds if setAutoBounds has been set
accordingly otherise None is returned.
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Axis.getBoundsForDualGrid(dualGrid)

	Get explicit bounds for dual grid.


	Parameters

	
	dualGridbool
	True if targetting dual grids otherwise False.







	Returns

	
	numpy.ndarray
	If bounds are explicit and dualGrid is True then the explicit
bounds are returned otherwise None is.

If bounds are no explicit and dualGrid is False then the bounds
are returned otherise None is.
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Axis.info(flag=None, device=None)

	Write info about axis; include dimension values and weights if flag
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Axis.isVirtual()

	Return true iff coordinate values are implicitly defined.









            

          

      

      

    

  

  
    
    
    cdms2.axis:Axis
    

    

    
 
  

    
      
          
            
  
cdms2.axis:Axis


	
Axis.listall(all=None)

	List axis information.


	Parameters

	
	allbool
	If True values and bounds will be printed.







	Returns

	
	str
	Returns a string with all the information about the axis.
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Axis.mapInterval(interval, indicator='ccn', cycle=None)

	Map coordinate interval to index interval. interval has one of the forms



	(x,y)


	(x,y,indicator): indicator overrides keywork argument


	(x,y,indicator,cycle): indicator, cycle override keyword arguments


	None: indicates the full interval







where x and y are the endpoints in coordinate space. indicator is a
two-character string, where the first character is c if the interval
is closed on the left, o if open, and the second character has the
same meaning for the right-hand point. Set cycle to a nonzero value
to force wraparound.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.







	Returns

	
	The corresponding index interval (i,j), where i<j, indicating
	

	the half-open index interval [i,j), or None if the intersection is empty.
	

	For an axis which is circular (self.topology == ‘circular’), [i,j)
	

	is interpreted as follows (where N = len(self)):
	




	if j<=N, the interval does not wrap around the axis endpoint
..


	if j>N, the interval wraps around, and is equivalent to the
two consecutive intervals [i,N), [0,j-N)





	Example:
	
if the vector is [0,2,4,…,358] of length 180,and the coordinate
interval is [-5,5), the return index interval is[178,183). This is
equivalent to the two intervals [178,180) and [0,3).





	Note:
	if the interval is interior to the axis, but does not span any axis element,
a singleton (i,i+1) indicating an adjacent index is returned.
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Axis.mapIntervalExt(interval, indicator='ccn', cycle=None, epsilon=None)

	Extended mapInterval.

See mapInterval for full documentation.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.



	epsilonNot use.
	





	Returns

	
	int, int, int
	Returns tuple containing the first and last index along with the stride.
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Axis.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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Axis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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Axis.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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Axis.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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Axis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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Axis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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Axis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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Axis.toRelativeTime(units, calendar=None)

	Converts values in-place to relative time.


	Parameters

	
	unitsstr
	Base units used converting component to relative values.



	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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FileAxis._time2value(value)

	Returns value converted to relative time.

Uses axis attributes to convert value to relative time.


	Parameters

	
	value(ComptimeType, ReltimeType, str)
	Value to convert to relative time.







	Returns

	
	str
	Relative time value.
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FileAxis.asComponentTime(calendar=None)

	Returns values as component time if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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FileAxis.asDTGTime(calendar=None)

	Returns values as DTG if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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FileAxis.asRelativeTime(units=None)

	Returns values as relative time if axis represents time.


	Parameters

	
	unitsstr
	Base units used in conversion of values.
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FileAxis.asdatetime(calendar=None)

	Returns values as datetime.datetime if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.

















            

          

      

      

    

  

  
    
    
    cdms2.axis:FileAxis
    

    

    
 
  

    
      
          
            
  
cdms2.axis:FileAxis


	
FileAxis.clone(copyData=1)

	Clone axis.


	Parameters

	
	copyDataint
	1 Will copy the data.
0 Will use a reference of the axis data.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing a clone.
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FileAxis.getBoundsForDualGrid(dualGrid)

	Get explicit bounds for dual grid.


	Parameters

	
	dualGridbool
	True if targetting dual grids otherwise False.







	Returns

	
	numpy.ndarray
	If bounds are explicit and dualGrid is True then the explicit
bounds are returned otherwise None is.

If bounds are no explicit and dualGrid is False then the bounds
are returned otherise None is.
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FileAxis.info(flag=None, device=None)

	Write info about axis; include dimension values and weights if flag
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FileAxis.isUnlimited()[source]

	Is axis unlimited.


	Returns

	
	bool
	True if axis is unlimited otherwise False.
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FileAxis.isVirtual()[source]

	Return true iff coordinate values are implicitly defined.
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FileAxis.listall(all=None)

	List axis information.


	Parameters

	
	allbool
	If True values and bounds will be printed.







	Returns

	
	str
	Returns a string with all the information about the axis.
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FileAxis.mapInterval(interval, indicator='ccn', cycle=None)

	Map coordinate interval to index interval. interval has one of the forms



	(x,y)


	(x,y,indicator): indicator overrides keywork argument


	(x,y,indicator,cycle): indicator, cycle override keyword arguments


	None: indicates the full interval







where x and y are the endpoints in coordinate space. indicator is a
two-character string, where the first character is c if the interval
is closed on the left, o if open, and the second character has the
same meaning for the right-hand point. Set cycle to a nonzero value
to force wraparound.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.







	Returns

	
	The corresponding index interval (i,j), where i<j, indicating
	

	the half-open index interval [i,j), or None if the intersection is empty.
	

	For an axis which is circular (self.topology == ‘circular’), [i,j)
	

	is interpreted as follows (where N = len(self)):
	




	if j<=N, the interval does not wrap around the axis endpoint
..


	if j>N, the interval wraps around, and is equivalent to the
two consecutive intervals [i,N), [0,j-N)





	Example:
	
if the vector is [0,2,4,…,358] of length 180,and the coordinate
interval is [-5,5), the return index interval is[178,183). This is
equivalent to the two intervals [178,180) and [0,3).





	Note:
	if the interval is interior to the axis, but does not span any axis element,
a singleton (i,i+1) indicating an adjacent index is returned.
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FileAxis.mapIntervalExt(interval, indicator='ccn', cycle=None, epsilon=None)

	Extended mapInterval.

See mapInterval for full documentation.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.



	epsilonNot use.
	





	Returns

	
	int, int, int
	Returns tuple containing the first and last index along with the stride.
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FileAxis.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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FileAxis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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FileAxis.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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FileAxis.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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FileAxis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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FileAxis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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FileAxis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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FileAxis.toRelativeTime(units, calendar=None)

	Converts values in-place to relative time.


	Parameters

	
	unitsstr
	Base units used converting component to relative values.



	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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FileVirtualAxis._time2value(value)

	Returns value converted to relative time.

Uses axis attributes to convert value to relative time.


	Parameters

	
	value(ComptimeType, ReltimeType, str)
	Value to convert to relative time.







	Returns

	
	str
	Relative time value.
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FileVirtualAxis.asComponentTime(calendar=None)

	Returns values as component time if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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FileVirtualAxis.asDTGTime(calendar=None)

	Returns values as DTG if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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FileVirtualAxis.asRelativeTime(units=None)

	Returns values as relative time if axis represents time.


	Parameters

	
	unitsstr
	Base units used in conversion of values.
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FileVirtualAxis.asdatetime(calendar=None)

	Returns values as datetime.datetime if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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FileVirtualAxis.clone(copyData=1)

	Clone axis.


	Parameters

	
	copyDataint
	1 Will copy the data.
0 Will use a reference of the axis data.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing a clone.
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FileVirtualAxis.getBoundsForDualGrid(dualGrid)

	Get explicit bounds for dual grid.


	Parameters

	
	dualGridbool
	True if targetting dual grids otherwise False.







	Returns

	
	numpy.ndarray
	If bounds are explicit and dualGrid is True then the explicit
bounds are returned otherwise None is.

If bounds are no explicit and dualGrid is False then the bounds
are returned otherise None is.
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FileVirtualAxis.info(flag=None, device=None)

	Write info about axis; include dimension values and weights if flag
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FileVirtualAxis.isUnlimited()

	Is axis unlimited.


	Returns

	
	bool
	True if axis is unlimited otherwise False.
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FileVirtualAxis.isVirtual()[source]

	Checks if axis is virtual.


	Returns

	
	bool
	True if axis is virtual otherwise False.
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FileVirtualAxis.listall(all=None)

	List axis information.


	Parameters

	
	allbool
	If True values and bounds will be printed.







	Returns

	
	str
	Returns a string with all the information about the axis.
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FileVirtualAxis.mapInterval(interval, indicator='ccn', cycle=None)

	Map coordinate interval to index interval. interval has one of the forms



	(x,y)


	(x,y,indicator): indicator overrides keywork argument


	(x,y,indicator,cycle): indicator, cycle override keyword arguments


	None: indicates the full interval







where x and y are the endpoints in coordinate space. indicator is a
two-character string, where the first character is c if the interval
is closed on the left, o if open, and the second character has the
same meaning for the right-hand point. Set cycle to a nonzero value
to force wraparound.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.







	Returns

	
	The corresponding index interval (i,j), where i<j, indicating
	

	the half-open index interval [i,j), or None if the intersection is empty.
	

	For an axis which is circular (self.topology == ‘circular’), [i,j)
	

	is interpreted as follows (where N = len(self)):
	




	if j<=N, the interval does not wrap around the axis endpoint
..


	if j>N, the interval wraps around, and is equivalent to the
two consecutive intervals [i,N), [0,j-N)





	Example:
	
if the vector is [0,2,4,…,358] of length 180,and the coordinate
interval is [-5,5), the return index interval is[178,183). This is
equivalent to the two intervals [178,180) and [0,3).





	Note:
	if the interval is interior to the axis, but does not span any axis element,
a singleton (i,i+1) indicating an adjacent index is returned.
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FileVirtualAxis.mapIntervalExt(interval, indicator='ccn', cycle=None, epsilon=None)

	Extended mapInterval.

See mapInterval for full documentation.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.



	epsilonNot use.
	





	Returns

	
	int, int, int
	Returns tuple containing the first and last index along with the stride.
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FileVirtualAxis.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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FileVirtualAxis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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FileVirtualAxis.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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FileVirtualAxis.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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FileVirtualAxis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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FileVirtualAxis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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FileVirtualAxis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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FileVirtualAxis.toRelativeTime(units, calendar=None)

	Converts values in-place to relative time.


	Parameters

	
	unitsstr
	Base units used converting component to relative values.



	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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TransientAxis.__init__(data, bounds=None, id=None, attributes=None, copy=0, genericBounds=False)[source]

	Initialize self.  See help(type(self)) for accurate signature.
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TransientAxis._time2value(value)

	Returns value converted to relative time.

Uses axis attributes to convert value to relative time.


	Parameters

	
	value(ComptimeType, ReltimeType, str)
	Value to convert to relative time.







	Returns

	
	str
	Relative time value.
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TransientAxis.asComponentTime(calendar=None)

	Returns values as component time if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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TransientAxis.asDTGTime(calendar=None)

	Returns values as DTG if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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TransientAxis.asRelativeTime(units=None)

	Returns values as relative time if axis represents time.


	Parameters

	
	unitsstr
	Base units used in conversion of values.
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TransientAxis.asdatetime(calendar=None)

	Returns values as datetime.datetime if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.

















            

          

      

      

    

  

  
    
    
    cdms2.axis:TransientAxis
    

    

    
 
  

    
      
          
            
  
cdms2.axis:TransientAxis


	
TransientAxis.clone(copyData=1)

	Clone axis.


	Parameters

	
	copyDataint
	1 Will copy the data.
0 Will use a reference of the axis data.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing a clone.
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TransientAxis.getBoundsForDualGrid(dualGrid)

	Get explicit bounds for dual grid.


	Parameters

	
	dualGridbool
	True if targetting dual grids otherwise False.







	Returns

	
	numpy.ndarray
	If bounds are explicit and dualGrid is True then the explicit
bounds are returned otherwise None is.

If bounds are no explicit and dualGrid is False then the bounds
are returned otherise None is.
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TransientAxis.info(flag=None, device=None)

	Write info about axis; include dimension values and weights if flag
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TransientAxis.isVirtual()

	Return true iff coordinate values are implicitly defined.
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TransientAxis.listall(all=None)

	List axis information.


	Parameters

	
	allbool
	If True values and bounds will be printed.







	Returns

	
	str
	Returns a string with all the information about the axis.
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TransientAxis.mapInterval(interval, indicator='ccn', cycle=None)

	Map coordinate interval to index interval. interval has one of the forms



	(x,y)


	(x,y,indicator): indicator overrides keywork argument


	(x,y,indicator,cycle): indicator, cycle override keyword arguments


	None: indicates the full interval







where x and y are the endpoints in coordinate space. indicator is a
two-character string, where the first character is c if the interval
is closed on the left, o if open, and the second character has the
same meaning for the right-hand point. Set cycle to a nonzero value
to force wraparound.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.







	Returns

	
	The corresponding index interval (i,j), where i<j, indicating
	

	the half-open index interval [i,j), or None if the intersection is empty.
	

	For an axis which is circular (self.topology == ‘circular’), [i,j)
	

	is interpreted as follows (where N = len(self)):
	




	if j<=N, the interval does not wrap around the axis endpoint
..


	if j>N, the interval wraps around, and is equivalent to the
two consecutive intervals [i,N), [0,j-N)





	Example:
	
if the vector is [0,2,4,…,358] of length 180,and the coordinate
interval is [-5,5), the return index interval is[178,183). This is
equivalent to the two intervals [178,180) and [0,3).





	Note:
	if the interval is interior to the axis, but does not span any axis element,
a singleton (i,i+1) indicating an adjacent index is returned.
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TransientAxis.mapIntervalExt(interval, indicator='ccn', cycle=None, epsilon=None)

	Extended mapInterval.

See mapInterval for full documentation.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.



	epsilonNot use.
	





	Returns

	
	int, int, int
	Returns tuple containing the first and last index along with the stride.
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TransientAxis.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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TransientAxis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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TransientAxis.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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TransientAxis.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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TransientAxis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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TransientAxis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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TransientAxis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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TransientAxis.toRelativeTime(units, calendar=None)

	Converts values in-place to relative time.


	Parameters

	
	unitsstr
	Base units used converting component to relative values.



	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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TransientVirtualAxis._time2value(value)

	Returns value converted to relative time.

Uses axis attributes to convert value to relative time.


	Parameters

	
	value(ComptimeType, ReltimeType, str)
	Value to convert to relative time.







	Returns

	
	str
	Relative time value.
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TransientVirtualAxis.asComponentTime(calendar=None)

	Returns values as component time if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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TransientVirtualAxis.asDTGTime(calendar=None)

	Returns values as DTG if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.

















            

          

      

      

    

  

  
    
    
    cdms2.axis:TransientVirtualAxis
    

    

    
 
  

    
      
          
            
  
cdms2.axis:TransientVirtualAxis


	
TransientVirtualAxis.asRelativeTime(units=None)

	Returns values as relative time if axis represents time.


	Parameters

	
	unitsstr
	Base units used in conversion of values.
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TransientVirtualAxis.asdatetime(calendar=None)

	Returns values as datetime.datetime if axis represents time.


	Parameters

	
	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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TransientVirtualAxis.clone(copyData=1)[source]

	Clone axis.


	Parameters

	
	copyDataint
	1 Will copy the data.
0 Will use a reference of the axis data.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing a clone.
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TransientVirtualAxis.getBoundsForDualGrid(dualGrid)

	Get explicit bounds for dual grid.


	Parameters

	
	dualGridbool
	True if targetting dual grids otherwise False.







	Returns

	
	numpy.ndarray
	If bounds are explicit and dualGrid is True then the explicit
bounds are returned otherwise None is.

If bounds are no explicit and dualGrid is False then the bounds
are returned otherise None is.
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TransientVirtualAxis.info(flag=None, device=None)

	Write info about axis; include dimension values and weights if flag
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TransientVirtualAxis.isVirtual()[source]

	Return true iff coordinate values are implicitly defined.
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TransientVirtualAxis.listall(all=None)

	List axis information.


	Parameters

	
	allbool
	If True values and bounds will be printed.







	Returns

	
	str
	Returns a string with all the information about the axis.
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TransientVirtualAxis.mapInterval(interval, indicator='ccn', cycle=None)

	Map coordinate interval to index interval. interval has one of the forms



	(x,y)


	(x,y,indicator): indicator overrides keywork argument


	(x,y,indicator,cycle): indicator, cycle override keyword arguments


	None: indicates the full interval







where x and y are the endpoints in coordinate space. indicator is a
two-character string, where the first character is c if the interval
is closed on the left, o if open, and the second character has the
same meaning for the right-hand point. Set cycle to a nonzero value
to force wraparound.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.







	Returns

	
	The corresponding index interval (i,j), where i<j, indicating
	

	the half-open index interval [i,j), or None if the intersection is empty.
	

	For an axis which is circular (self.topology == ‘circular’), [i,j)
	

	is interpreted as follows (where N = len(self)):
	




	if j<=N, the interval does not wrap around the axis endpoint
..


	if j>N, the interval wraps around, and is equivalent to the
two consecutive intervals [i,N), [0,j-N)





	Example:
	
if the vector is [0,2,4,…,358] of length 180,and the coordinate
interval is [-5,5), the return index interval is[178,183). This is
equivalent to the two intervals [178,180) and [0,3).





	Note:
	if the interval is interior to the axis, but does not span any axis element,
a singleton (i,i+1) indicating an adjacent index is returned.
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TransientVirtualAxis.mapIntervalExt(interval, indicator='ccn', cycle=None, epsilon=None)

	Extended mapInterval.

See mapInterval for full documentation.


	Parameters

	
	internvaltuple of float, float, str (optional), float (optional)
	(x, y) First and last value to map.
(x, y, indicator) First and last value to map with indicator for handling endpoints.
(x, y, indicator, cycle) First and last value to map with endpoint indicator and cycle length.



	indicatorstr
	String indicator describing how to handle interval endpoints.



	cyclefloat
	Length of cycle to use when mapping interval.



	epsilonNot use.
	





	Returns

	
	int, int, int
	Returns tuple containing the first and last index along with the stride.
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TransientVirtualAxis.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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TransientVirtualAxis.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.




















            

          

      

      

    

  

  
    
    
    cdms2.axis:TransientVirtualAxis
    

    

    
 
  

    
      
          
            
  
cdms2.axis:TransientVirtualAxis


	
TransientVirtualAxis.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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TransientVirtualAxis.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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TransientVirtualAxis.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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TransientVirtualAxis.setBounds(bounds, isGeneric=False)[source]

	Sets the bounds for the axis.


	Parameters

	
	boundsnumpy.ndarray
	2D array containing bounds for the axis.
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TransientVirtualAxis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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TransientVirtualAxis.subAxis(i, j, k=1, wrap=True)

	Returns subaxis.


	Parameters

	
	iint
	Positive start index.



	jint
	Positive stop index.



	kint
	Positive/Negative step value.



	wrapbool
	True if subaxis can be wrapper otherwise False to prevent wrapping.







	Returns

	
	cdms2.TransientAxis
	Returns TransientAxis containing sub-axis.
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TransientVirtualAxis.toRelativeTime(units, calendar=None)

	Converts values in-place to relative time.


	Parameters

	
	unitsstr
	Base units used converting component to relative values.



	calendarcdtime.Calendar
	Calendar used to convert relative time to component time. If None
then the calendar set in attributes will be used. If this is not set
then the default calendar will be used.
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allclose(ax1, ax2, rtol=1e-05, atol=1e-08)[source]

	All close


	Parameters

	
	ax1, ax2array_like
	





	Returns

	
	bool
	True if all elements of axes ax1 and ax2 are close,
in the sense of numpy.ma.allclose.



	See Alsoall, any
	







Examples

>>> a = ma.array([1e10, 1e-7, 42.0], mask=[0, 0, 1])
>>> a
masked_array(data = [10000000000.0 1e-07 --],
             mask = [False False True],
       fill_value = 1e+20)
>>> b = ma.array([1e10, 1e-8, 42.0], mask=[0, 0, 1])
>>> ma.allclose(a, b)
False
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axisMatchAxis(axes, specifications=None, omit=None, order=None)[source]

	Match a list of axes following a specification or list of
specificatons, and a specification or list of specifications
of those axes to omit.


	Parameters

	
	specifications :
	
	is None, include all axes less the omitted ones.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	omit :
	
	is None, do not omit any axis.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	order :
	
	A string containing the symbols t,x,y,z or -.  If a - is
given, any elements of the result not chosen otherwise are filled
in from left to right with remaining candidates.










	Returns

	
	A list of axes that match the specification omitting any axes that matches
	

	an omit specification.
	

	Axes are returned in the order they occur in the axes argument unless order is given.
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axisMatchIndex(axes, specifications=None, omit=None, order=None)[source]

	Match a list of axes following a specification or list of
specificatons, and a specification or list of specifications
of those axes to omit.


	Parameters

	
	specifications :
	
	is None, include all axes less the omitted ones.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	omit :
	
	is None, do not omit any axis.


	Individual specifications must be integer indices into axes or
matching criteria as detailed in axisMatches.






	order :
	
	A string containing the symbols t,x,y,z or -.  If a - is
given, any elements of the result not chosen otherwise are filled
in from left to right with remaining candidates.










	Returns

	
	A list of axis’ indices which match the specification omitting any axes that matches an omit specification.
	

	Axes are returned in the order they occur in the axes argument unless order is given.
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axisMatches(axis, specification)[source]

	Axis Matches


	Parameters

	
	axisSee note below
	

	specificationsSee note below
	





	Returns

	
	1 or 0 depending on whether axis matches the specification.
	

	Notes
	

	Specification must be one of:
	




	
	a string representing an axis id or one of the keywords time,
	fctau0, latitude or lat, longitude or lon, or lev or level.







	
	Axis may be surrounded with parentheses or spaces.
	
	We first attempt to match the axis id and the specification.


	Keywords try to match using isTime, isLatitude, etc.


	Comparisons to keywords and axis ids is case-insensitive.










	
	a function that takes an axis as an argument and returns a value.
	
	if the value returned is true, the axis matches.










	
	an axis object; will match if it is the same object as axis.
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concatenate(axes, id=None, attributes=None)[source]

	Concatenate multiple axes including boundaries.


	Parameters

	
	axesAxes to concatenate
	

	idNew axis identification (default None)
	

	attributesAttributes to attached to the new Axis
	





	Returns

	
	Transient axis.
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createAxis(data, bounds=None, id=None, copy=0, genericBounds=False)[source]

	Creates an axis.

To enabled automatic bounds generation see setAutoBounds.


	Parameters

	
	data(list/numpy.ndarray)
	Values for axis.



	boundsnumpy.ndarray
	2D array containing boundaries for data.



	idstr
	Axis identifier.



	copyint
	0: Stores reference of data.
1: Stores copy of data.



	genericBoundsbool
	True will create generic bounds if bounds is None.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing data.
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createEqualAreaAxis(nlat)[source]

	Creates an equal area axis.


	Parameters

	
	nlatint
	Number of latitudes to generate.







	Returns

	
	cdms2.TransientAxis
	TransientAxis containing equal area axis of nlat.
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createGaussianAxis(nlat)[source]

	Creates Guassian Axis.


	Parameters

	
	nlatint
	Number of latitudes to generate.



	Returns
	

	——
	

	cdms2.TransientAxis
	TransientaAxis containing guassian axis of nlat.
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createUniformLatitudeAxis(startLat, nlat, deltaLat)[source]

	Creates a uniform latitude axis.


	Parameters

	
	startLatfloat
	Starting latitude value.



	nlat :
	Number of latitudes.



	deltaLatfloat
	Difference between each latitude point.







	Returns

	
	cdms2.TransientAxis
	TransientAxis containing uniform latitude axis.
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createUniformLongitudeAxis(startLon, nlon, deltaLon)[source]

	Creates a uniform longitude axis.


	Parameters

	
	startLonfloat
	Starting longitude value.



	nlonint
	Number of longitudes.



	deltaLonfloat
	Difference between each longitude point.







	Returns

	
	cdms2.TransientAxis
	TransientAxis containing uniform longitude axis.
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getAutoBounds()[source]

	Gets AutoBounds mode.

See setAutoBounds for description of modes.
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isOverlapVector(vec1, vec2, atol=1e-08)[source]

	Is Overlap Vector


	Parameters

	
	vec1Input arrays to compare
	

	vec2Input arrays to compare
	

	atolfloat, optional
	

	Absolute tolerance, The absolute differenc is equal to **atol Default is 1e-8**
	





	Returns

	
	(isoverlap, index) :
	
	where isoverlap is true if a leading portion of vec1 is a subset of vec2;
	
	index is the index such that vec1[0] <= vec2[index]


	If indexl == len(vec2), then vec1[0] > vec2[len(vec2) - 1]
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isSubsetVector(vec1, vec2, tol)[source]

	Checks if vec1 is a subset of vec2.


	Parameters

	
	vec1(cdms2.TransientAxis, cdms2.FileAxis, numpy.ndarray)
	Subset data.



	vec2(cdms2.TransientAxis, cdms2.FileAxis, numpy.ndarray)
	Superset data.



	tolfloat
	Tolerance used when checking for subset.







	Returns

	
	(bool/int), int
	First value of True denotes vec1 is a subset of vec2.
A value of 0 or False denotes the opposite.

Second value is the starting index of vec1 in vec2 if it
is a subset.
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lookupArray(ar, value)[source]

	Lookup value in array ar.


	Parameters

	
	arInput array
	

	valueValue to search
	





	Returns

	
	index:
	
	ar is monotonically increasing.


	
	value <= ar[index], index==0..len(ar)-1
	
	value > ar[index], index==len(ar)


	
	ar is monotonically decreasing:
	
	value >= ar[index], index==0..len(ar)-1


	value < ar[index], index==len(ar)
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mapLinearExt(axis, bounds, interval, indicator='ccn', epsilon=None, stride=1, wrapped=0)[source]

	Map coordinate interval to index interval, without
wraparound. Interval has the form (x,y) where x and y are the
endpoints in coordinate space. Indicator is a three-character
string, where the first character is ‘c’ if the interval is closed
on the left, ‘o’ if open, and the second character has the same
meaning for the right-hand point. The third character indicates
how the intersection of the interval and axis is treated:

‘n’ - the node is in the interval
‘b’ - the interval intersects the cell bounds
‘s’ - the cell bounds are a subset of the interval
‘e’ - same as ‘n’, plus an extra node on either side.


	Returns

	
	The corresponding index interval (i,j), where i<j, indicating the
	

	half-open index interval [i,j), or None if the intersection is empty.
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mapLinearIntersection(xind, yind, iind, aMinusEps, aPlusEps, bPlusEps, bMinusEps, boundLeft, nodeSubI, boundRight)[source]

	Map Linear Intersection


	Parameters

	
	xindc’ if (a,b) is closed on the left, ‘o’ if open,
	

	yindsame for right endpoint j
	





	Returns

	
	True if the coordinate interval (a,b) intersects the node nodeSubI or cell
	

	bounds [boundLeft,boundRight], where the interval (a,b) is defined by:
	
	aMinusEps,aPlusEps = a +/- epsilon


	bPlusEps,bMinusEps = b +/- epsilon






	and the intersection option iind = ‘n’,’b’,’e’,’s’ specifies whether
	

	the intersection is with respect to the node value nodeSubI (‘n’ or ‘e’)
	

	or the cell bounds [boundLeft,boundRight].
	








See also


	mapLinearExt
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reverseSlice(s, size)[source]

	For ‘reversed’ slices (slices with negative stride),
return an equivalent slice with positive step. For positive
strides, just return the slice unchanged.
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setAutoBounds(mode)[source]

	Sets AutoBounds behavior.

Automatically generates axis and grid boundaries when getBounds
is called.


	Parameters

	
	mode(str/int)
	0 : ‘off’   (No bounds will be generated)
1 : ‘on’    (Generate bounds)
2 : ‘grid’  (Generate bounds for lat/lon grids only)









Notes

This only affects 1D axes.
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splitSlice(s, size)[source]

	For a ‘wraparound’ slice, return two equivalent slices
within the range 0..size-1.
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splitSliceExt(s, size)[source]

	mf 20010330 –
For a ‘wraparound’ slice, return N equivalent slices
within the range 0…(N*size) N = anything









            

          

      

      

    

  

  
    
    
    cdms2.axis
    

    

    
 
  

    
      
          
            
  
cdms2.axis


	
take(ax, indices)[source]

	Take elements form an array along an axis


	Parameters

	
	axThe source array.
	

	indicesThe indices of the values to extract.
	





	Returns

	
	axisTransientAxis
	The return array has the same type of ax.

















            

          

      

      

    

  

  
    
    
    cdms2.bindex
    

    

    
 
  

    
      
          
            
  
cdms2.bindex


	
bindexHorizontalGrid(latlin, lonlin)[source]

	Create a bin index for a horizontal grid.


	Parameters

	
	latlinlatlin is the raveled latitude values.
	

	latlonlonlin is the raveled longitude values.
	





	Returns

	
	resulting index.
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intersectHorizontalGrid(latspecs, lonspecs, latlin, lonlin, index)[source]

	Intersect a horizontal grid with a lat-lon region.


	Parameters

	
	latspecslatitude specs as defined in the grid module.
	

	lonspecslongitude specs as defined in the grid module.
	

	latlinlatlin is the raveled latitude array.
	

	lonlinlonlin is the raveled longitude array.
	

	indexindex is the bin index as returned from bindex.
	





	Returns

	
	an array of indices, in latlin/lonlin, of the points in the intersection.
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CDURLopener._open_generic_http(connection_factory, url, data)

	Make an HTTP connection using connection_class.

This is an internal method that should be called from
open_http() or open_https().

Arguments:
- connection_factory should take a host name and return an


HTTPConnection instance.





	url is the url to retrieval or a host, relative-path pair.


	data is payload for a POST request or None.
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CDURLopener.addheader(*args)

	Add a header to be used by the HTTP interface only
e.g. u.addheader(‘Accept’, ‘sound/basic’)









            

          

      

      

    

  

  
    
    
    cdms2.cdurllib:CDURLopener
    

    

    
 
  

    
      
          
            
  
cdms2.cdurllib:CDURLopener


	
CDURLopener.http_error(url, fp, errcode, errmsg, headers, data=None)

	Handle http errors.

Derived class can override this, or provide specific handlers
named http_error_DDD where DDD is the 3-digit error code.
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CDURLopener.http_error_default(url, fp, errcode, errmsg, headers)

	Default error handler: close the connection and raise OSError.
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CDURLopener.open(fullurl, data=None)

	Use URLopener().open(file) instead of open(file, ‘r’).
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CDURLopener.open_data(url, data=None)

	Use “data” URL.
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CDURLopener.open_file(url)

	Use local file or FTP depending on form of URL.
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CDURLopener.open_http(url, data=None)

	Use HTTP protocol.
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CDURLopener.open_https(url, data=None)

	Use HTTPS protocol.
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CDURLopener.open_local_file(url)

	Use local file.
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CDURLopener.open_unknown(fullurl, data=None)

	Overridable interface to open unknown URL type.









            

          

      

      

    

  

  
    
    
    cdms2.cdurllib:CDURLopener
    

    

    
 
  

    
      
          
            
  
cdms2.cdurllib:CDURLopener


	
CDURLopener.open_unknown_proxy(proxy, fullurl, data=None)

	Overridable interface to open unknown URL type.
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clear_cache()[source]

	Clear the parse cache.
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test()[source]
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urldefrag(url)[source]

	Removes any existing fragment from URL.


	Returns

	
	a tuple of the defragmented URL and the fragment.
	If the URL contained no fragments, the second element is the empty string.
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urljoin(base, url, allow_fragments=1)[source]
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urlparse(url, scheme='', allow_fragments=1)[source]
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urlunparse(xxx_todo_changeme)[source]
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CFConvention.getAxisAuxIds(vardict, axiskeys)[source]

	Get Axis2D and AuxAxis1D IDs
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CFConvention.getAxisIds(vardict)

	Get 1-D coordinate axis IDs.
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CFConvention.getDsetnodeAuxAxisIds(dsetnode)[source]

	Get auxiliary axis IDs from a dataset node
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CFConvention.getVariableBounds(dset, var)[source]

	Get the bounds variable for the variable, from a dataset or file.
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COARDSConvention.getAxisIds(vardict)

	Get 1-D coordinate axis IDs.
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NUGConvention.getAxisIds(vardict)[source]

	Get 1-D coordinate axis IDs.
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getDatasetConvention(dset)[source]

	Return an appropriate convention object. dset is a file or dataset object
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cuDataset.__call__(id, *args, **kwargs)[source]

	Call a variable object with the given id. Exception if not found.
Call the variable with the other arguments.
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cuDataset.__getitem__(key)[source]

	Implement f[‘varname’] for file/dataset f.
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cuDataset._v(vname)[source]

	Get the variable vname as a file variable object.
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cuDataset.cleardefault()[source]

	Clear the default variable name.
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cuDataset.default_variable(vname)[source]

	Set the default variable name.
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cuDataset.dimensionarray(dname, vname=None)[source]

	Values of the dimension named dname.

Options

vname : (str/None) (None) variable name

Input
dname : (str) (0) dimension name

Output
axisvalues : (numpy.ndarray) (0) array with values of axis whose id is vname
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cuDataset.dimensionobject(dname, vname=None)[source]

	CDMS axis object for the dimension named dname.

Options

vname : (str/None) (None) variable name

Input
dname : (str) (0) dimension name

Output
axis : (cdms2.axis.FileAxis) (0) file axis whose id is vname
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cuDataset.getattribute(vname, attribute)[source]

	Get the value of attribute for variable vname

Input
vname : (str/None) (0) variable name

attribute : (str) (1) attribute name

Output
attribute_value : (str/int/float/numpy.ndarray) (0) value of requested attribute
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cuDataset.getdimensionunits(dname, vname=None)[source]

	Get the units for the given dimension.

Options

vname : (str/None) (None) variable name

Input
dname : (str) (0) dimension name

Output
units : (str) (0) units of axis whose id is vname
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cuDataset.getglobal(attribute)[source]

	Get the value of the global attribute.

Input
attribute : (str) (0) global attribute name

Output
attribute_value : (str/int/float/numpy.ndarray) (0) value of requested global attribute









            

          

      

      

    

  

  
    
    
    cdms2.cudsinterface:cuDataset
    

    

    
 
  

    
      
          
            
  
cdms2.cudsinterface:cuDataset


	
cuDataset.getslab(vname, *args, **keys)[source]

	Get Slab


	Parameters

	
	getslab(‘name’, arg1, arg2, ….)
	





	Returns

	
	a cdms variable containing the data.
	

	Arguments for each dimension can be:
	
	: or None – selected entire dimension


	Ellipsis – select entire dimensions between the ones given.


	a pair of successive arguments giving an interval in
world coordinates.


	a cdms-style tuple of world coordinates e.g. (start, stop, ‘cc’)






	Options
	

	args(*tuple/*cdms2.selectors.Selector) () tuple of type (val1,val2,’cob’)
	for any given dimension or cdms selector



	Keys
	

	squeeze(int/True/False) (0) squeezes (removes) dimensions of length 1
	

	order(str) (‘…’) reorder the dimensions, can use numbers or xyzt or dim names in between paranthesis
	

	raw(int/True/False) (0) return a numpy.ma instead of a transient variable
	

	grid(cdms2.grid.AbstractGrid) (None) regrid the result to the grid passed
	

	Input
	

	vname(str/None) (0) variable name
	

	Output
	

	variable(cdms2.tvariable.TransientVariable) (0) variable requested
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cuDataset.listall(vname=None, all=None)[source]

	Get info about data from the file.

Options


	Parameters

	
	vname(str/None) (None) variable name
	

	all(None/True/False/int) (None) include axes information
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cuDataset.listattribute(vname=None)[source]

	Get attributes of data from the file.

Options


	Parameters

	
	vname(str/None) (None) variable name
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cuDataset.listdimension(vname=None)[source]

	List Dimension


	Parameters

	
	vname(str/None) (None) variable name
	





	Returns

	
	a list of the dimension names associated with a variable.
	

	If no argument, return the file.axes.keys()
	

	Options
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cuDataset.listglobal()[source]

	List Global


	Returns

	
	a list of the global attributes in the file.
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cuDataset.listvariable()[source]

	List Variable


	Returns

	
	a list of the variables in the file.
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cuDataset.listvariables()

	List Variable


	Returns

	
	a list of the variables in the file.
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cuDataset.readScripGrid(whichGrid='destination', checkGrid=1)[source]

	Read a SCRIP curvilinear or generic grid from the dataset.

The dataset can be a SCRIP grid file or mapping file. If a mapping file, ‘whichGrid’
chooses the grid to read, either “source” or “destination”.

If ‘checkGrid’ is 1 (default), the grid cells are checked for convexity, and ‘repaired’
if necessary.

Returns the grid object.

Options

whichGrid : (str) (‘destination’) grid to read

checkGrid : (int) (1) if 1 the grid cells are checked for convexity

Output grid : (cdms2.hgrid.TransientCurveGrid/cdms2.gengrid.TransientGenericGrid) (0) variable requested
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cuDataset.showall(vname=None, all=None, device=None)[source]

	Show a full description of the variable.

Options

vname : (str/None) (None) variable name

all : (None/True/False/int) (None) include axes information

device : (None/file) (None) output device
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cuDataset.showattribute(vname=None, device=None)[source]

	Show the attributes of vname.

Options

vname : (str/None) (None) variable name

device : (None/file) (None) output device
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cuDataset.showdimension(vname=None, device=None)[source]

	Show the dimension names associated with a variable.

Options

vname : (str/None) (None) variable name

device : (None/file) (None) output device
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cuDataset.showglobal(device=None)[source]

	Show the global attributes in the file.

Options

device : (None/file) (None) output device
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cuDataset.showvariable(device=None)[source]

	Show the variables in the file.

Options

device : (None/file) (None) output device
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AbstractDatabase.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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AbstractDatabase.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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AbstractDatabase.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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AbstractDatabase.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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AbstractDatabase.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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AbstractResultEntry.getObject()[source]

	
	Method
	getObject()



	Description
	Get the CDMS object associated with this entry.






	Returns

	
	Instance of a CDMS object.
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AbstractSearchResult.__getitem__(key)[source]

	Method not yet implemented
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AbstractSearchResult.__len__()[source]

	Method not yet implemented
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AbstractSearchResult.searchPredicate(predicate, tag=None)[source]

	Method not yet implemented
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LDAPDatabase.close()[source]

	Method


close()




Description


Close a database connection.





	Returns

	
	None
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LDAPDatabase.listDatasets()[source]

	Return a list of the dataset IDs in this database.
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LDAPDatabase.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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LDAPDatabase.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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LDAPDatabase.open(dsetid, mode='r')

	Method


openDataset(dsetid, mode=’r’)




Description


Open a dataset.




Arguments


dsetid: string dataset identifier
mode: open mode (‘r’ - read-only, ‘r+’ - read-write, ‘w’ - create)





	Returns

	
	Dataset instance.
	

	Example
	dset = db.openDataset(‘ncep_reanalysis_mo’)
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LDAPDatabase.openDataset(dsetid, mode='r')[source]

	Method


openDataset(dsetid, mode=’r’)




Description


Open a dataset.




Arguments


dsetid: string dataset identifier
mode: open mode (‘r’ - read-only, ‘r+’ - read-write, ‘w’ - create)





	Returns

	
	Dataset instance.
	

	Example
	dset = db.openDataset(‘ncep_reanalysis_mo’)
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LDAPDatabase.searchFilter(filter=None, tag=None, relbase=None, scope=2, attnames=None, timeout=None)[source]

	Method



	searchFilter
	(filter=None, tag=None, relbase=None, scope=Subtree, attnames=None, timeout=None)








Description


Search a CDMS database.




Arguments        -


filter: string search filter
Simple filters have the form “tag = value”. Simple filters can be combined
using logical operators ‘&’, ‘|’, ‘!’ in prefix notation. For example,
the filter ‘(&(objectclass=variable)(id=cli))’ finds all variables named cli.


More formally


filter        = “(” filtercomp “)”


	filtercomp    = “&” filterlist | # and
	“|” filterlist | # or
“!” filterlist | # not
simple





filterlist    = filter | filter filterlist

simple        = tag op value


	op            = “=” |      # equality
	“~=” |     # approximate equality
“<=” |     # lexicographically less than or equal to
“>=”       # lexicographically greater than or equal to





value         = string, may include ‘*’ as a wild card

tag: string class tag (“dataset” | “variable” | “database” | “axis” | “grid”).
Restricts the search to a class of objects

relbase: string search base, relative to the database path
scope: search scope (Subtree | Onelevel | Base). Subtree searches the base object and its descendants.

Onelevel searches the base object and its immediate descendants. Base searches the base object alone.




Default is Subtree.



	attnames:
	list of attribute names. Restricts the attributes returned.



	timeout:
	integer number of seconds before timeout.















	Returns

	
	SearchResult instance.
	Entries can be accessed sequentially.


For each entry,


entry.name is the name of the entry,

entry.attributes is a dictionary of the attributes returned by the search,

entry.getObject() returns the CDMS object associated with the entry:

for entry in result: print entry.name, entry.attributes[“id”]







Entries can be refined with searchPredicate().



	Example
	




	Find all variables named “cli”:
result = db.searchFilter(filter=”id=cli”,tag=”variable”)


	Find all objects in dataset “ncep_reanalysis_mo”:
result = db.searchFilter(relbase=”dataset=ncep_reanalysis_mo”), scope=cdms.Onelevel)
















            

          

      

      

    

  

  
    
    
    cdms2.database:LDAPDatabase
    

    

    
 
  

    
      
          
            
  
cdms2.database:LDAPDatabase


	
LDAPDatabase.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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LDAPDatabase.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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LDAPDatabase.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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LDAPSearchResult.searchPredicate(predicate, tag=None)[source]

	Method


searchPredicate(predicate, tag=None)




Description


Refine a search result, with a predicate search.




Arguments


predicate: Function name or lambda function. The function takes a single CDMS object,
and returns true (1) if the object satisfies the predicate, 0 if not.
tag: Restrict the search to objects in one class.





	Returns

	
	SearchResult instance. Entries can be accessed sequentially. For each entry, entry.name is the
	

	name of the entry, entry.attributes is a dictionary of the attributes returned by the search,
	

	entry.getObject() returns the CDMS object associated with the entry:
	
	for entry in result:
	print entry.name, entry.attributes[“id”]







	Entries can be refined with searchPredicate().
	

	Example
	
	Find all variables on a 73x96 grid




newresult = result.searchPredicate(lambda obj: obj.getGrid().shape==(73,96),”variable”)
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connect(uri=None, user='', password='')[source]

	Method :  connect(uri=None, user=””, password=””)

Description :  Open a CDMS database connection.

Arguments : uri: Universal Resource Identifier. If unspecified, defaults to the environment variable CDMSROOT.

user: user id
password: password


	Returns

	
	Database instance
	

	Example
	

	db = cdms.connect(“ldap://dbhost.llnl.gov/database=CDMS,ou=PCMDI,o=LLNL,c=US”)
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loadString(text, uri, parent=None, datapath=None)[source]

	Create a dataset from a text string.


	Parameters

	
	<text>is the string in CDML format.
	

	<uri>is the URL of the dataset in a catalog or file.
	

	<parent>is the containing database object, if any.
	

	<datapath>is the location of data files relative to the parent database URL.
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CdmsFile.__call__(id, *args, **kwargs)

	Call a variable object with the given id. Exception if not found.
Call the variable with the other arguments.









            

          

      

      

    

  

  
    
    
    cdms2.dataset:CdmsFile
    

    

    
 
  

    
      
          
            
  
cdms2.dataset:CdmsFile


	
CdmsFile.__getitem__(key)

	Implement f[‘varname’] for file/dataset f.
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CdmsFile._v(vname)

	Get the variable vname as a file variable object.
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CdmsFile.cleardefault()

	Clear the default variable name.
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CdmsFile.copyAxis(axis, newname=None, unlimited=0, index=None, extbounds=None)[source]

	Copy axis description and data from another axis.


	Parameters

	
	axisaxis to copy (cdms2.axis.FileAxis/cdms2.axis.FileVirtualAxis)
	

	newname(None/str) new name for axis (default None)
	

	unlimited(int/True/False) unlimited dimension (default 0)
	

	index(int/None) (default None)
	

	extbounds(numpy.ndarray) new bounds to use bounds (default None)
	





	Returns

	
	copy of input axis (cdms2.axis.FileAxis/cdms2.axis.FileVirtualAxis)
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CdmsFile.copyGrid(grid, newname=None)[source]

	Create an implicit rectilinear grid. lat, lon, and mask are objects. Order and type are strings.


	Parameters

	
	newname(str/None) new name for grid (default None)
	

	gridfile grid
	(cdms2.grid.FileRectGrid/cdms2.hgrid.FileCurveGrid/cdms2.gengrid.FileGenericGrid)







	Returns

	
	file grid
	

	(cdms2.grid.FileRectGrid/cdms2.hgrid.FileCurveGrid/cdms2.gengrid.FileGenericGrid)
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CdmsFile.createAxis(name, ar, unlimited=0)[source]

	Create an axis.


	Parameters

	
	namestr is the string name of the Axis
	

	arnumpy.ndarray/None is the 1-D data array, or None for an unlimited axis
	

	unlimited(int/True/False) True/0 designate that the axis as unlimited.
	





	Returns

	
	an axis object (cdms2.axis.FileAxis).
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CdmsFile.createRectGrid(id, lat, lon, order, type='generic', mask=None)[source]

	Create an implicit rectilinear grid. lat, lon, and mask are objects. order and type are strings.


	Parameters

	
	id(str) grid name (default 0)
	

	lat(numpy.ndarray) latitude array (default 1)
	

	lon(numpy.ndarray) longitude array (default 2)
	

	order(str) order (default 3)
	

	type(str) grid type (defalut generic)
	

	mask(None/numpy.ndarray) mask (default None)
	





	Returns

	
	grid (cdms2.grid.FileRectGrid)
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CdmsFile.createVariable(name, datatype, axesOrGrids, fill_value=None)[source]

	Create a variable.


	Parameters

	
	nameThe string name of the Variable
	

	datatypeA CDMS datatype or numpy typecode
	

	axesOrGridsis a list of axes, grids.
	

	fill_valuefill_value (cast into data type).
	





	Returns

	
	Return a variable object (cdms2.fvariable.FileVariable.
	







Notes

This should be generalized to allow subintervals of axes and/or grids.
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CdmsFile.createVariableCopy(var, id=None, attributes=None, axes=None, extbounds=None, extend=0, fill_value=None, index=None, newname=None, grid=None)[source]

	Define a new variable, with the same axes and attributes as in <var>.


	Parameters

	
	varvariable to copy (cdms2.tvariable.TransientVariable or cdms2.fvariable.FileVariable)
	

	attributesA dictionary of attributes. Default is var.attributes.
	

	axesThe list of axis objects. Default is var.getAxisList()
	

	extboundsBounds of the (portion of) the extended dimension being written.
	

	id or newnameString identifier of the new variable.
	

	extend :
	
	1 define the first dimension as the unlimited dimension.


	
	0 do not define an unlimited dimension. The default is the define
	the first dimension as unlimited only if it is a time dimension.











	fill_valueThe missing value flag.
	

	indexThe extended dimension index for writting. The default index is determined
	by lookup relative to the existing extended dimension.



	gridThe variable grid.  none the value of var.getGrid() will used.
	





	Returns

	
	file variable (cdms2.fvariable.FileVariable)
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CdmsFile.createVirtualAxis(name, axislen)[source]

	Create an axis without any associated coordinate array. This
axis is read-only. This is useful for the ‘bound’ axis.


	Parameters

	
	nameis the string name of the axis.
	

	axislenis the integer length of the axis.
	





	Returns

	
	axisfile axis whose id is name (cdms2.axis.FileVirtualAxis)
	







Notes

For netCDF output, this just creates a dimension without
the associated coordinate array. On reads the axis will look like
an axis of type float with values [0.0, 1.0, …, float(axislen-1)].
On write attempts an exception is raised.
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CdmsFile.default_variable(vname)

	Set the default variable name.
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CdmsFile.dimensionarray(dname, vname=None)

	Values of the dimension named dname.

Options

vname : (str/None) (None) variable name

Input
dname : (str) (0) dimension name

Output
axisvalues : (numpy.ndarray) (0) array with values of axis whose id is vname
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CdmsFile.dimensionobject(dname, vname=None)

	CDMS axis object for the dimension named dname.

Options

vname : (str/None) (None) variable name

Input
dname : (str) (0) dimension name

Output
axis : (cdms2.axis.FileAxis) (0) file axis whose id is vname
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CdmsFile.getAxis(id)[source]

	Get the axis object with the given id. Returns None if not found.


	Parameters

	
	idid of the axis to get
	





	Returns

	
	file axis
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CdmsFile.getBoundsAxis(n, boundid=None)[source]

	Get a bounds axis of length n. Create the bounds axis if necessary.


	Parameters

	
	nbound id (bound_%d)
	





	Returns

	
	bounds axis
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CdmsFile.getGrid(id)[source]

	Get the grid object with the given id. Returns None if not found.


	Parameters

	
	idid of the grid to get
	





	Returns

	
	file axis
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CdmsFile.getVariable(id)[source]

	Get the variable object with the given id. Returns None if not found.


	Parameters

	
	idstr id of the variable to get
	





	Returns

	
	variable  (cdms2.fvariable.FileVariable/None)
	

	file variable
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CdmsFile.getVariables(spatial=0)[source]

	Get a list of variable objects.


	Parameters

	
	spatialIf spatial=1 or True, only return those axes defined on latitude
	or longitude, excluding weights and bounds







	Returns

	
	file variable.
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CdmsFile.getattribute(vname, attribute)

	Get the value of attribute for variable vname

Input
vname : (str/None) (0) variable name

attribute : (str) (1) attribute name

Output
attribute_value : (str/int/float/numpy.ndarray) (0) value of requested attribute
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CdmsFile.getdimensionunits(dname, vname=None)

	Get the units for the given dimension.

Options

vname : (str/None) (None) variable name

Input
dname : (str) (0) dimension name

Output
units : (str) (0) units of axis whose id is vname
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CdmsFile.getglobal(attribute)

	Get the value of the global attribute.

Input
attribute : (str) (0) global attribute name

Output
attribute_value : (str/int/float/numpy.ndarray) (0) value of requested global attribute
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CdmsFile.getslab(vname, *args, **keys)

	Get Slab


	Parameters

	
	getslab(‘name’, arg1, arg2, ….)
	





	Returns

	
	a cdms variable containing the data.
	

	Arguments for each dimension can be:
	
	: or None – selected entire dimension


	Ellipsis – select entire dimensions between the ones given.


	a pair of successive arguments giving an interval in
world coordinates.


	a cdms-style tuple of world coordinates e.g. (start, stop, ‘cc’)






	Options
	

	args(*tuple/*cdms2.selectors.Selector) () tuple of type (val1,val2,’cob’)
	for any given dimension or cdms selector



	Keys
	

	squeeze(int/True/False) (0) squeezes (removes) dimensions of length 1
	

	order(str) (‘…’) reorder the dimensions, can use numbers or xyzt or dim names in between paranthesis
	

	raw(int/True/False) (0) return a numpy.ma instead of a transient variable
	

	grid(cdms2.grid.AbstractGrid) (None) regrid the result to the grid passed
	

	Input
	

	vname(str/None) (0) variable name
	

	Output
	

	variable(cdms2.tvariable.TransientVariable) (0) variable requested
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CdmsFile.listall(vname=None, all=None)

	Get info about data from the file.

Options


	Parameters

	
	vname(str/None) (None) variable name
	

	all(None/True/False/int) (None) include axes information
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CdmsFile.listattribute(vname=None)

	Get attributes of data from the file.

Options


	Parameters

	
	vname(str/None) (None) variable name
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CdmsFile.listdimension(vname=None)

	List Dimension


	Parameters

	
	vname(str/None) (None) variable name
	





	Returns

	
	a list of the dimension names associated with a variable.
	

	If no argument, return the file.axes.keys()
	

	Options
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CdmsFile.listglobal()

	List Global


	Returns

	
	a list of the global attributes in the file.
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CdmsFile.listvariable()

	List Variable


	Returns

	
	a list of the variables in the file.
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CdmsFile.listvariables()

	List Variable


	Returns

	
	a list of the variables in the file.
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CdmsFile.matchPattern(pattern, attribute, tag)[source]

	Match for a pattern in a string-valued attribute. If attribute is None,
search all string attributes. If tag is not None, it must match the internal node tag.


	Parameters

	
	patternString expression.
	

	attributeAttribute Name. If None search all attributre.
	

	tagnode tag, if cdmsFile only match the current dataset otherwise match
	all object matching the tag.







	Returns

	
	list of match patterns.
	















            

          

      

      

    

  

  
    
    
    cdms2.dataset:CdmsFile
    

    

    
 
  

    
      
          
            
  
cdms2.dataset:CdmsFile


	
CdmsFile.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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CdmsFile.readScripGrid(whichGrid='destination', checkGrid=1)

	Read a SCRIP curvilinear or generic grid from the dataset.

The dataset can be a SCRIP grid file or mapping file. If a mapping file, ‘whichGrid’
chooses the grid to read, either “source” or “destination”.

If ‘checkGrid’ is 1 (default), the grid cells are checked for convexity, and ‘repaired’
if necessary.

Returns the grid object.

Options

whichGrid : (str) (‘destination’) grid to read

checkGrid : (int) (1) if 1 the grid cells are checked for convexity

Output grid : (cdms2.hgrid.TransientCurveGrid/cdms2.gengrid.TransientGenericGrid) (0) variable requested
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CdmsFile.searchPattern(pattern, attribute, tag)[source]

	Search for a pattern in a string-valued attribute. If attribute is None, search all
string attributes.

If tag is not None, it must match the internal node tag.


	Parameters

	
	patternexpression pattern
	

	attributeattribute name
	

	tagnode tag
	





	Returns

	
	list of match pattern
	















            

          

      

      

    

  

  
    
    
    cdms2.dataset:CdmsFile
    

    

    
 
  

    
      
          
            
  
cdms2.dataset:CdmsFile


	
CdmsFile.searchPredicate(predicate, tag)[source]

	Apply a truth-valued predicate.


	Parameters

	
	predicatefunction use as predicate
	

	tagnode tag.
	





	Returns

	
	List containing a single instance [self] if the predicate is true and either
	

	tag is None or matches the object node tag.
	

	Empty list If the predicate returns false.
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CdmsFile.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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CdmsFile.showall(vname=None, all=None, device=None)

	Show a full description of the variable.

Options

vname : (str/None) (None) variable name

all : (None/True/False/int) (None) include axes information

device : (None/file) (None) output device
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CdmsFile.showattribute(vname=None, device=None)

	Show the attributes of vname.

Options

vname : (str/None) (None) variable name

device : (None/file) (None) output device
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CdmsFile.showdimension(vname=None, device=None)

	Show the dimension names associated with a variable.

Options

vname : (str/None) (None) variable name

device : (None/file) (None) output device
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CdmsFile.showglobal(device=None)

	Show the global attributes in the file.

Options

device : (None/file) (None) output device
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CdmsFile.showvariable(device=None)

	Show the variables in the file.

Options

device : (None/file) (None) output device









            

          

      

      

    

  

  
    
    
    cdms2.dataset:CdmsFile
    

    

    
 
  

    
      
          
            
  
cdms2.dataset:CdmsFile


	
CdmsFile.sync()[source]

	Syncs the file on disk.
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CdmsFile.write(var, attributes=None, axes=None, extbounds=None, id=None, extend=None, fill_value=None, index=None, typecode=None, dtype=None, pack=False)[source]

	Write var to the file.


	Parameters

	
	varvariable to copy.
	

	attributesThe attribute dictionary for the variable. The default is var.attributes.
	

	axesThe list of file axes comprising the domain of the variable. The default is to
	copy var.getAxisList().



	extboundsThe extended dimension bounds. Defaults to var.getAxis(0).getBounds().
	

	idThe variable name in the file. Default is var.id.
	

	extend :
	
	1 causes the first dimension to be extensible iteratively writeable.
The default is None, in which case the first dimension is extensible if it is time.


	0 to turn off this behaviour.






	fill_valueis the missing value flag.
	

	indexThe extended dimension index to write to. The default index is determined b
	lookup relative to the existing extended dimension.



	dtypeThe numpy dtype.
	

	typecodeDeprecated, for backward compatibility only
	





	Returns

	
	File variable
	







Notes

If the variable is not yet defined in the file, a definition is created.
By default, the time dimension of the variable is defined as the
extended dimension of the file. The function returns the corresponding file variable.
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CdmsFile.write_it_yourself(obj)[source]

	Tell obj to write itself to self (already open for writing), using its
writeg method (AbstractCurveGrid has such a method, for example).


	Parameters

	
	objobject containing writeg, writeToFile or write method.
	





	Returns

	
	Nothing is returned.
	







Notes

If writeg is not available, writeToFile will be used.
If writeToFile is also not available, then self.write(obj) will be called to try to write obj as
a variable.
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Dataset.__call__(id, *args, **kwargs)

	Call a variable object with the given id. Exception if not found.
Call the variable with the other arguments.
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Dataset.__getitem__(key)

	Implement f[‘varname’] for file/dataset f.









            

          

      

      

    

  

  
    
    
    cdms2.dataset:Dataset
    

    

    
 
  

    
      
          
            
  
cdms2.dataset:Dataset


	
Dataset._v(vname)

	Get the variable vname as a file variable object.
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Dataset.cleardefault()

	Clear the default variable name.
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Dataset.default_variable(vname)

	Set the default variable name.
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Dataset.dimensionarray(dname, vname=None)

	Values of the dimension named dname.

Options

vname : (str/None) (None) variable name

Input
dname : (str) (0) dimension name

Output
axisvalues : (numpy.ndarray) (0) array with values of axis whose id is vname
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Dataset.dimensionobject(dname, vname=None)

	CDMS axis object for the dimension named dname.

Options

vname : (str/None) (None) variable name

Input
dname : (str) (0) dimension name

Output
axis : (cdms2.axis.FileAxis) (0) file axis whose id is vname
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Dataset.getAxis(id)[source]

	Get the axis object with the given id.


	Returns

	
	None if not found.
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Dataset.getConvention()[source]

	Get the metadata convention associated with this dataset or file.
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Dataset.getGrid(id)[source]

	Get the grid object with the given id.


	Returns

	
	None if not found.
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Dataset.getLogicalCollectionDN(base=None)[source]

	Return the logical collection distinguished name of this dataset.

Notes

If <base> is defined, append it to the lc name.
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Dataset.getVariable(id)[source]

	Get the variable object with the given id.


	Returns

	
	None if not found.
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Dataset.getVariables(spatial=0)[source]

	Get a list of variable objects. If spatial=1, only return those
axes defined on latitude or longitude, excluding weights and bounds.
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Dataset.getattribute(vname, attribute)

	Get the value of attribute for variable vname

Input
vname : (str/None) (0) variable name

attribute : (str) (1) attribute name

Output
attribute_value : (str/int/float/numpy.ndarray) (0) value of requested attribute
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Dataset.getdimensionunits(dname, vname=None)

	Get the units for the given dimension.

Options

vname : (str/None) (None) variable name

Input
dname : (str) (0) dimension name

Output
units : (str) (0) units of axis whose id is vname
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Dataset.getglobal(attribute)

	Get the value of the global attribute.

Input
attribute : (str) (0) global attribute name

Output
attribute_value : (str/int/float/numpy.ndarray) (0) value of requested global attribute
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Dataset.getslab(vname, *args, **keys)

	Get Slab


	Parameters

	
	getslab(‘name’, arg1, arg2, ….)
	





	Returns

	
	a cdms variable containing the data.
	

	Arguments for each dimension can be:
	
	: or None – selected entire dimension


	Ellipsis – select entire dimensions between the ones given.


	a pair of successive arguments giving an interval in
world coordinates.


	a cdms-style tuple of world coordinates e.g. (start, stop, ‘cc’)






	Options
	

	args(*tuple/*cdms2.selectors.Selector) () tuple of type (val1,val2,’cob’)
	for any given dimension or cdms selector



	Keys
	

	squeeze(int/True/False) (0) squeezes (removes) dimensions of length 1
	

	order(str) (‘…’) reorder the dimensions, can use numbers or xyzt or dim names in between paranthesis
	

	raw(int/True/False) (0) return a numpy.ma instead of a transient variable
	

	grid(cdms2.grid.AbstractGrid) (None) regrid the result to the grid passed
	

	Input
	

	vname(str/None) (0) variable name
	

	Output
	

	variable(cdms2.tvariable.TransientVariable) (0) variable requested
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Dataset.listall(vname=None, all=None)

	Get info about data from the file.

Options


	Parameters

	
	vname(str/None) (None) variable name
	

	all(None/True/False/int) (None) include axes information
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Dataset.listattribute(vname=None)

	Get attributes of data from the file.

Options


	Parameters

	
	vname(str/None) (None) variable name
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Dataset.listdimension(vname=None)

	List Dimension


	Parameters

	
	vname(str/None) (None) variable name
	





	Returns

	
	a list of the dimension names associated with a variable.
	

	If no argument, return the file.axes.keys()
	

	Options
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Dataset.listglobal()

	List Global


	Returns

	
	a list of the global attributes in the file.
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Dataset.listvariable()

	List Variable


	Returns

	
	a list of the variables in the file.
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Dataset.listvariables()

	List Variable


	Returns

	
	a list of the variables in the file.
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Dataset.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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Dataset.readScripGrid(whichGrid='destination', checkGrid=1)

	Read a SCRIP curvilinear or generic grid from the dataset.

The dataset can be a SCRIP grid file or mapping file. If a mapping file, ‘whichGrid’
chooses the grid to read, either “source” or “destination”.

If ‘checkGrid’ is 1 (default), the grid cells are checked for convexity, and ‘repaired’
if necessary.

Returns the grid object.

Options

whichGrid : (str) (‘destination’) grid to read

checkGrid : (int) (1) if 1 the grid cells are checked for convexity

Output grid : (cdms2.hgrid.TransientCurveGrid/cdms2.gengrid.TransientGenericGrid) (0) variable requested
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Dataset.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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Dataset.showall(vname=None, all=None, device=None)

	Show a full description of the variable.

Options

vname : (str/None) (None) variable name

all : (None/True/False/int) (None) include axes information

device : (None/file) (None) output device
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Dataset.showattribute(vname=None, device=None)

	Show the attributes of vname.

Options

vname : (str/None) (None) variable name

device : (None/file) (None) output device









            

          

      

      

    

  

  
    
    
    cdms2.dataset:Dataset
    

    

    
 
  

    
      
          
            
  
cdms2.dataset:Dataset


	
Dataset.showdimension(vname=None, device=None)

	Show the dimension names associated with a variable.

Options

vname : (str/None) (None) variable name

device : (None/file) (None) output device
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Dataset.showglobal(device=None)

	Show the global attributes in the file.

Options

device : (None/file) (None) output device
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Dataset.showvariable(device=None)

	Show the variables in the file.

Options

device : (None/file) (None) output device









            

          

      

      

    

  

  
    
    
    cdms2.dataset
    

    

    
 
  

    
      
          
            
  
cdms2.dataset


	
asVariable(s, writeable=1)[source]

	As Variable


	Returns

	
	s if s is a Variable; if writeable is 1,
	

	return s if s is a TransientVariable.
	

	If s is not a variable of
	

	the desired type, attempt to make it so and return that.
	

	If we fail raise CDMSError
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createDataset(path, template=None)[source]

	Create a dataset.


	Parameters

	
	pathis the XML file name, or netCDF filename for simple file creation.
	

	templateis a string template for the datafile(s), for dataset creation.
	





	Returns

	
	writing file handle.
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getMpiRank()[source]

	Return number of processor available.


	Returns

	
	rank or 0 if MPI is not enabled.
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getMpiSize()[source]

	Return MPI size.


	Returns

	
	MPI size or 0 if MPI is not enabled.
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getNetcdf4Flag()[source]

	Get Net CD 4 Flag
Returns
——-
NetCDF4 flag value.
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getNetcdfClassicFlag()[source]

	Get Net CDF Classic Flag


	Returns

	
	NetCDF classic flag value.
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getNetcdfDeflateFlag()[source]

	Get Net CDF Deflate Flag


	Returns

	
	NetCDF deflate flag value.
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getNetcdfDeflateLevelFlag()[source]

	Get Net CDF Deflate Level Flag


	Returns

	
	NetCDF deflate level flag value.
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getNetcdfShuffleFlag()[source]

	Get Net CDF Shuffle Flag


	Returns

	
	NetCDF shuffle flag value.
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getNetcdfUseNCSwitchModeFlag()[source]

	Get current netCDF define mode.


	Returns

	
	NetCDF define mode .
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getNetcdfUseParallelFlag()[source]

	Get NetCDF UseParallel flag value.


	Parameters

	
	value0/1, False/True
	





	Returns

	
	No return value.
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isOverlapVector(vec1, vec2, atol=1e-08)[source]

	Is Overlap Vector


	Parameters

	
	vec1Input arrays to compare
	

	vec2Input arrays to compare
	

	atolfloat, optional
	

	Absolute tolerance, The absolute differenc is equal to **atol Default is 1e-8**
	





	Returns

	
	(isoverlap, index) :
	
	where isoverlap is true if a leading portion of vec1 is a subset of vec2;
	
	index is the index such that vec1[0] <= vec2[index]


	If indexl == len(vec2), then vec1[0] > vec2[len(vec2) - 1]
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load(path)[source]
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loadURI(uri)[source]
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openDataset(uri, mode='r', template=None, dods=1, dpath=None, hostObj=None)[source]

	Open Dataset


	Parameters

	
	uristr
	Filename to open.



	modestr
	Mode to open file with.
‘r’: Read (default)
‘w’: Write
‘a’: Append



	templatestr
	Template for the datafile(s) used for dataset creation.



	dodsint
	Opens remote/local files when set to 1 or attempts to open local when set 0.



	dpathstr
	Destination path.







	Returns

	
	cdms2.CdmsFile
	Opened handle to file.
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parseFileMap(text)[source]

	Parse a CDMS filemap.


	Parameters

	
	filemaplist [ varmap, varmap, …]
	

	varmaplist [ namelist, slicelist ]
	

	namelistlist [name, name, …]
	

	slicelistlist [indexlist, indexlist, ,,,]
	

	indexlistlist [i,j,k,l,path]
	





	Returns

	
	Parsing results.
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parseIndexList(text)[source]

	Parse a string of the form [i,j,k,l,…,path].


	Parameters

	
	texti,j,k,l,… are indices or ‘-‘, and path is a filename. Coerce the indices to integers.
	





	Returns

	
	Parser results.
	

	n number of matches.
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parseName(text)[source]
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cdms2.dataset


	
parseVarMap(text)[source]

	Parse a string of the form [ namelist, slicelist ]
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parselist(text, f)[source]

	Parse a string of the form [A, A, …].


	Parameters

	
	textInput String.
	

	ffunction which parses A and returns (A, nconsumed).
	





	Returns

	
	Parser results.
	

	n number of matches.
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setCompressionWarnings(value=None)[source]

	Turn on/off the warnings for compression.


	Parameters

	
	value*  0/1 False/True ‘no’/’yes’ or None (which sets it to the opposite
	





	Returns

	
	Return set value.
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setNetcdf4Flag(value)[source]

	Enable netCDF4 (HDF5) mode in libnetcdf.


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
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setNetcdfClassicFlag(value)[source]

	Enable netCDF3 (classic) mode in libnetcdf.


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
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setNetcdfDeflateFlag(value)[source]

	Enable/Disable NetCDF deflattion.


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
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setNetcdfDeflateLevelFlag(value)[source]

	Sets NetCDF deflate level flag value


	Parameters

	
	valueDeflation Level 1-9.
	





	Returns

	
	No return value.
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setNetcdfShuffleFlag(value)[source]

	Enable/Disable NetCDF shuffle.


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
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setNetcdfUseNCSwitchModeFlag(value)[source]

	Tells cdms2 to switch constantly between netcdf define/write modes.


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
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setNetcdfUseParallelFlag(value)[source]

	Enable/Disable NetCDF MPI I/O (Paralllelism).


	Parameters

	
	value0/1, False/True.
	





	Returns

	
	No return value.
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urlparse(url, scheme='', allow_fragments=True)[source]

	Parse a URL into 6 components:
<scheme>://<netloc>/<path>;<params>?<query>#<fragment>
Return a 6-tuple: (scheme, netloc, path, params, query, fragment).
Note that we don’t break the components up in smaller bits
(e.g. netloc is a single string) and we don’t expand % escapes.
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urlunparse(components)[source]

	Put a parsed URL back together again.  This may result in a
slightly different, but equivalent URL, if the URL that was parsed
originally had redundant delimiters, e.g. a ? with an empty query
(the draft states that these are equivalent).
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useNetcdf3()[source]

	Turns off (0) NetCDF flags for shuffle/cuDa/deflatelevel
Output files are generated as NetCDF3 Classic after that


	Returns

	
	No return value.
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available_forecasts(dataset_file, path='.')[source]

	Available Forecasts


	Returns

	
	a list of forecasts (as their generating times) which are available
	through the specified cdscan-generated dataset xml file.



	Note
	The forecasts are given in 64-bit integer format, but can be converted
to component times with the function two_times_from_one.
This function may help in choosing the right arguments for initializing
a “forecasts” (forecast set) object.
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comptime(t)[source]

	Comptime


	Parameters

	
	Inputis a time representation, either as the long int used in the cdscan
	script, or a string in the format “2010-08-25 15:26:00”, or as a cdtime comptime
(component time) object.



	Outputis the same time a cdtime.comptime (component time).
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forecast.__call__(varname)[source]

	Reads the specified variable from this forecast’s file.
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forecast.__getitem__(varname)[source]

	Reads variable attributes from this forecast’s file.
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forecast.__init__(tau0time, dataset_list, path='.')[source]
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forecasts.__call__(varname, forecast_times='All')[source]

	Example

Reads the specified variable for all the specified forecasts.
Creates and returns a new variable which is dimensioned by forecast
as well as the original variable’s dimensions.
Normally all the forecasts in the ‘forecasts’ object will be read.
But you can read only the forecasts generated at particular times
by providing a “forecast_times” argument, the same as the “forecast_times”
argument in the forecasts.__init__ method.
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forecasts.__getitem__(varname, fccs=None)[source]

	
Get Item





	Returns

	
	whatever the forecast set has that matches the given attribute, normally a DatasetVariable.
	







Notes

The optional argument fccs is a list of forecasts to be passed on to forecast_axis().
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forecasts.__init__(dataset_file, forecast_times, path='.')[source]

	Init
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forecasts.forecast_axis(varname, fcss=None)[source]

	Forecast Axis


	Returns

	
	a tuple (axis,start,length,true_length) where axis is in the forecast direction.
	







Notes

If a list of forecasts be specified, the axis’ data will be limited to them.
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forecasts.forecast_times_to_list(forecast_times)[source]

	For internal list, translates a “forecast_times” argument of __init__ or
other methods, into a list of times.
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forecasts.reduce_inplace(min_time, max_time, openclosed='co')[source]

	Reduce Inplace

Example

For a forecasts object f, f( min_time, max_time ) will reduce the
scope of f, to forecasts whose start time t has min_time<=t<max_time.
This is done in place, i.e. any other forecasts in f will be discarded.
If slice notation were possible for forecasts (it’s not because we need
too many bits to represent time), this function would do the same as
f = f[min_time : max_time ]

The optional openclosed argument lets you specify the treatment of
the endpoints min_time, max_time.  The first character should be ‘c’ if you want
to include min_time in the new scope of f, or ‘o’ to exclude it.  Similarly,
the second character should be ‘c’ to include max_time or ‘o’ to exclude it.  Thus
‘co’ yields the default min_time<=t<max_time and ‘oo’ yields min_time<t<max_time.

If you don’t want to change the original “forecasts” object, just do
copy.copy(forecasts) first.

Times can be the usual long integers, strings, or cdtime component times.
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cdms2.forecast:forecasts


	
forecasts.time_interval_to_list(tlo, thi, openclosed='co')[source]

	For internal use, translates a time interval to a list of times.
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two_times_from_one(t)[source]

	Two Times from One


	Parameters

	
	Inputis a time representation, either as the long int used in the
	cdscan script, or a string in the format “2010-08-25 15:26:00”, or
as a cdtime comptime (component time) object.



	Outputis the same time, both as a long _and_ as a comptime.
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FileVariable.__call__(*args, **kwargs)

	Selection of a subregion using selectors.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid
	

	orderif given, result is permuted into this order
	





	Returns

	
	Subregion selected
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FileVariable.__iadd__(other)

	Add other to self in place.
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cdms2.fvariable:FileVariable


	
FileVariable.__idiv__(other)

	Divide self by other in place.
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cdms2.fvariable:FileVariable


	
FileVariable.__imul__(other)

	Multiply self by other in place.
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FileVariable.__isub__(other)

	Subtract other from self in place.
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FileVariable.__len__()[source]

	Length of first dimension.
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FileVariable._decodedType()

	The datatype after decoding.
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FileVariable._process_specs(specs, keys)

	Process the arguments for a getSlice, getRegion, etc.
time, level, latitude, longitude keywords handled here


	Returns

	
	An array of specifications for all dimensions.
	

	Any Ellipsis has been eliminated.
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FileVariable._single_specs(specs)

	Return a list of dimension indices where the spec is an index.
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FileVariable.astype(tc)

	return self as array of given type.
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FileVariable.createattribute(name, value)

	Create an attribute and set its name to value.









            

          

      

      

    

  

  
    
    
    cdms2.fvariable:FileVariable
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FileVariable.crossSectionRegrid(newLevel, newLatitude, missing=None, order=None, method='log')

	Return the variable regridded to new pressure levels and latitudes.
The variable should be a function of lat, level, and (optionally) time.


	Parameters

	
	newLevelis an axis of the result pressure levels.
	

	newLatitudeis an axis of latitude values.
	

	methodOptional either “log” to interpolate in the log of pressure (default),
	or “linear” for linear interpolation.



	missing and orderare as for regrid.CrossSectionRegridder.
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FileVariable.decode(ar)

	Decode compressed data.


	Parameters

	
	aris a masked array, scalar, or numpy.ma.masked.
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FileVariable.deleteattribute(name)

	Delete the named attribute.
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FileVariable.expertPaths(slist)

	Expert Paths


	Parameters

	
	expertPaths(self, slicelist) takes a list of slices
	





	Returns

	
	a 3-tuple (npart, dimensionlist, partitionSlices)
	

	Where
	

	npartis the number of partitioned dimensions: 0, 1, or 2;
	

	dimensionlistis a tuple of length npart, having the dimension numbers of the partitioned dimensions;
	

	partitionSlicesis the list of file-specific (filename, slice) corresponding
	

	to the paths and slices within the files to be read.
	

	The exact form of partitionSlices depends on the value of npart
	

	npartpartitionSlices
	

	0(filename,slicelist)
	

	1[(filename,slicelist),…,(filename,slicelist)]
	

	2[[(filename,slicelist),…,(filename,slicelist)]
	[(filename,slicelist),…,(filename,slicelist)]
[(filename,slicelist),…,(filename,slicelist)]]









Notes


	A filename of None indicates that no file was found with data corresponding to the slicelist.


	If partitionSlices is None, the slicelist does not intersect the domain.


	An empty partitionSlices [] means that the variable is zero-dimensional.
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FileVariable.genMatch(axis, interval, matchnames)

	Helper function for expertPaths.


	Parameters

	
	axisis a partitioned axis, either time or vertical level or forecast.
	

	intervalis an index interval (istart, iend).
	

	matchnamesis a partially filled list [id, timestart, timeend, levstart, levend, fc] If a filemap
	is used, matchnames has indices, otherwise has coordinates.



	Functionmodifies matchnames based on axis and interval, returns the modified matchnames tuple.
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FileVariable.generateGridkey(convention, vardict)

	Determine if the variable is gridded.


	Parameters

	
	conventionMetadata convention class
	

	vardictVariable metedata
	





	Returns

	
	((latname, lonname, order, maskname, class), lat, lon) if gridded
	

	(None, None, None) if not gridded
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FileVariable.generateRectGridkey(lat, lon)

	Determine if the variable is gridded, rectilinear.


	Parameters

	
	latlatitude axis
	

	lonlongitude axis
	





	Returns

	
	(latname, lonname, order, maskname, class) if gridded, None if not gridded.
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FileVariable.getAxisIds()

	Get a list of axis identifiers.


	Returns

	
	array list of axis ids
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FileVariable.getAxisIndex(axis_spec)

	Get the index of the axis specificed by axis_spec.


	Parameters

	
	axis_spec :
	





	Returns

	
	the axis index or -1 if no match is found.
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FileVariable.getAxisList(axes=None, omit=None, order=None)

	Get the list of axis objects

Notes

If axes is not None, include only certain axes.
If omit is not None, omit those specified by omit.

Arguments omit or axes  may be as specified in axisMatchAxis

order is an optional string determining the output order
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FileVariable.getAxisListIndex(axes=None, omit=None, order=None)

	Get Axis List Index


	Returns

	
	a list of indices of axis objects
	







Notes

If axes is not None, include only certain axes.
less the ones specified in omit.

If axes is None, use all axes of this variable.

Other specificiations are as for axisMatchIndex.
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FileVariable.getConvention()

	Get the metadata convention associated with this object.
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FileVariable.getFilePath(matchnames, template)

	Lookup or generate the file path, depending on whether a filemap
or template is present.
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FileVariable.getForecastTime()

	Get the first forecast time dimension.


	Returns

	
	First forecast time dimension axis or None.
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FileVariable.getGridIndices()

	Get Grid Indices


	Returns

	
	a tuple of indices corresponding to the variable grid.
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FileVariable.getLatitude()

	Get the first latitude dimension.


	Returns

	
	First latitude dimension axis or None.
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FileVariable.getLevel()

	Get the first vertical level dimension in the domain.


	Returns

	
	First vertical level dimension axis or None.
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FileVariable.getLongitude()

	Get the first longitude dimension.


	Returns

	
	First longitude dimension axis or None.
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FileVariable.getMissing(asarray=0)

	Get Missing


	Parameters

	
	asarray‘0’
	

	‘1’numpy array
	





	Returns

	
	the missing value as a scalar, or as a numpy array if asarray==1
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FileVariable.getOrder(ids=0)

	Get Order


	Parameters

	
	id0 or 1
	





	Returns

	
	the order string, such as t, z, y, x (time, level, lat, lon).
	

	Notes
	




	
	if ids == 0 (the default) for an axis that is not t,z,x,y
	the order string will contain a (-) character in that location.
The result string will be of the same length as the number
of axes. This makes it easy to loop over the dimensions.







	
	if ids == 1 those axes will be represented in the order
	string as (id) where id is that axis’ id. The result will
be suitable for passing to order2index to get the
corresponding axes, and to orderparse for dividing up into
components.
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FileVariable.getPartition(axis)

	Get the partition attribute for this variable, axis.


	Parameters

	
	axisis either a time or level axis. If cdms_filemap is being used, get the
	partition from the _varpart_ attribute, otherwise (for templating) use
axis.partition.
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FileVariable.getRegion(*specs, **keys)

	Read a region of data. A region is an n-dimensional rectangular region specified in coordinate space.


	Parameters

	
	sliceis an argument list, each item of which has one of the following forms:
	
	
	x, where x is a scalar
	
	Map the scalar to the index of the closest coordinate value.










	
	(x, y)
	
	Map the half-open coordinate interval [x,y) to index interval.










	
	(x, y, ‘cc’)
	
	Map the closed interval [x,y] to index interval. Other options
are ‘oo’ (open), ‘oc’ (open on the left), and ‘co’
(open on the right, the default).










	
	(x, y, ‘co’, cycle)
	
	Map the coordinate interval with wraparound. If no cycle is
specified, wraparound will occur iff axis.isCircular() is true.














	EllipsisRepresents the full range of all dimensions bracketed by non-Ellipsis items.
	

	None, colonRepresents the full range of one dimension.
	

	Notes
	

	Only one dimension may be wrapped.
	

	Example
	

	Suppose the variable domain is `(time, level, lat, lon)`. Then
	>>> getRegion((10, 20), 850, Ellipsis,(-180, 180))






	retrieves :
	
	all times t such that 10.<=t<20.


	level 850.


	all values of all dimensions between level and lon (namely, lat).


	longitudes x such that -180<=x<180. This will be wrapped unless lon.topology==’linear’.
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FileVariable.getSlice(*specs, **keys)

	getSlice takes arguments of the following forms and produces
a return array.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid.
	

	orderif given, result is permuted into this order
	

	numericSqueezeif index slice is given, eliminate that dimension.
	

	isitemif given, result is return as a scaler for 0-D data
	

	Notes
	

	There can be zero or more positional arguments, each of the form:
	

	#. a single integer n, meaning slice(n, n+1)
	

	#. an instance of the slice class
	

	#. a tuple, which will be used as arguments to create a slice
	

	#. `None` or `:`, which means a slice covering that entire dimension
	

	#. Ellipsis (…), which means to fill the slice list with `:`
	leaving only enough room at the end for the remaining positional arguments



	There can be keyword arguments of the form key = value, where
	

	key can be one of the names `time`, `level`, `latitude`, or
	

	`longitude`. The corresponding value can be any of (1)-(5) above.
	

	There must be no conflict between the positional arguments and
	

	the keywords.
	

	In (1)-(5) negative numbers are treated as offsets from the end
	

	of that dimension, as in normal Python indexing.
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FileVariable.getTime()

	Get the first time dimension.


	Returns

	
	First Time dimension axis or None.
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FileVariable.getValue(squeeze=1)[source]

	Return the entire set of values.
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FileVariable.getattribute(name)

	Get the attribute name.
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FileVariable.getdimattribute(dim, field)

	Get the attribute named field from the dim’th dimension.
For bounds returns the old cu one-dimensional version.
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FileVariable.hasCellData()

	If any of the variable’s axis has explicit bounds, we have cell data
otherwise we have point data.


	Returns

	
	True or False if axis has cell data.
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FileVariable.initDomain(axisdict)[source]

	Initialized the domain
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FileVariable.isEncoded()

	True if self is represented as packed data.
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FileVariable.listall(all=None)

	Get list of info about this slab.
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FileVariable.listattributes()

	Return a list of attribute names.
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FileVariable.listdimattributes(dim)

	List the legal axis field names.
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FileVariable.listdimnames()

	Return a list of the names of the dimensions.
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FileVariable.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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FileVariable.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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FileVariable.pressureRegrid(newLevel, missing=None, order=None, method='log')

	Return the variable regridded to new pressure levels.
The variable should be a function of lat, lon, pressure, and (optionally) time.


	Parameters

	
	newLevelis an axis of the result pressure levels.
	

	methodis optional, either log to interpolate in the log of pressure (default),
	or linear for linear interpolation.



	missing and orderare as for regrid.PressureRegridder.
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FileVariable.regrid(togrid, missing=None, order=None, mask=None, **keywords)

	return self regridded to the new grid.
One can use the regrid2.Regridder optional arguments as well.

Example

>>> new_cdmsVar = cdmsVar.regrid(newGrid)  # uses libcf
>>> new_cdmsVar = cdmsVar.regrid(newGrid, regridMethod = 'conserve', coordSys = 'cart')






	Parameters

	
	togridtogrid destination grid. CDMS grid
	

	missingOptional missing missing values
	

	orderOptional order axis order
	

	maskOptional mask grid/data mask
	

	**keyords
	

	keywords optional keyword arguments dependent on regridTool
	





	Returns

	
	regridded variable
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FileVariable.reorder(order)

	Reorder per the specification order.


	Parameters

	
	orderstring can be “tzyx” with all possible axes permutation.
	





	Returns

	
	New reordered variable.
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FileVariable.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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FileVariable.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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FileVariable.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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FileVariable.select(*args, **kwargs)

	Selection of a subregion using selectors.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid
	

	orderif given, result is permuted into this order
	





	Returns

	
	Subregion selected
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FileVariable.setMissing(value)

	Set the missing value.


	Parameters

	
	valuescalar, a single-valued numpy array, or None.
	

	Note :
	

	The value is cast to the same type as the variable.
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FileVariable.setattribute(name, value)

	Set the attribute name to value.
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FileVariable.showdim()

	Show the dimension attributes and values.
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FileVariable.size()

	Number of elements.
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FileVariable.specs2slices(speclist, force=None)

	Create an equivalent list of slices from an index specification.
An index specification is a list of acceptable items, which are



	an integer


	a slice instance (slice(start, stop, stride))


	the object “unspecified”


	the object None


	a colon







The size of the speclist must be self.rank()
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cdms2.fvariable:FileVariable


	
FileVariable.typecode()[source]

	convert to new typecode.
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AbstractGrid.checkAxes(axes)[source]

	Check Axes


	Returns

	
	1 iff self.getAxisList and axes are consistent.
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AbstractGrid.clone(copyData=1)[source]

	Make a copy of self.
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AbstractGrid.flatAxes()[source]

	Flat Axes


	Returns

	
	(flatlat, flatlon) where flatlat is a raveled NumPy array
	having the same length as the number of cells in the grid, similarly
for flatlon.
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AbstractGrid.getAxisList()[source]

	Not documented
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AbstractGrid.hasCoordType(coordType)[source]

	Has CoordType


	Returns

	
	1 iff self has the coordinate type.
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AbstractGrid.info(flag=None, device=None)[source]

	Write info about slab; include dimension values and weights if flag
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AbstractGrid.isClose(g)[source]

	Is Close


	Returns

	
	1 if g is ‘close enough’ to self to be considered equal, 0 if not.
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AbstractGrid.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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AbstractGrid.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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AbstractGrid.reconcile(axes)[source]

	Reconcile


	Returns

	
	a grid that is consistent with the axes, or None.
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AbstractGrid.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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AbstractGrid.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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AbstractGrid.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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AbstractGrid.size()[source]

	Return number of cells in the grid
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AbstractGrid.subSlice(*specs, **keys)[source]

	Get a subgrid based on an argument list <specs> of slices.
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AbstractGrid.writeScrip(cdunifFile)[source]

	Write a grid to a SCRIP file
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AbstractGrid.writeToFile(file)[source]

	Write self to a CdmsFile file, returning CF coordinates attribute, or None if not applicable
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AbstractRectGrid.checkAxes(axes)

	Check Axes


	Returns

	
	1 iff self.getAxisList and axes are consistent.
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AbstractRectGrid.classify()[source]

	Not documented
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AbstractRectGrid.classifyInFamily(gridlist)[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.clone(copyData=1)

	Make a copy of self.
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AbstractRectGrid.flatAxes()[source]

	Flat Axes


	Returns

	
	flatlat, flatlon) where flatlat is a 1D NumPy array having the same
	

	length as the number of cells in the grid, similarly for flatlon.
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AbstractRectGrid.genBounds()[source]

	Not documented
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AbstractRectGrid.getAxis(naxis)[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.getAxisList()

	Not documented
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AbstractRectGrid.getBounds()[source]

	Not documented
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AbstractRectGrid.getLatitude()[source]

	Not documented
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AbstractRectGrid.getLongitude()[source]

	Not documented
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AbstractRectGrid.getMask()[source]

	Not documented
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AbstractRectGrid.getMesh()[source]

	Generate a mesh array for the meshfill graphics method.
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AbstractRectGrid.getOrder()[source]

	Not documented
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AbstractRectGrid.getType()[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.getWeights()[source]

	Not documented
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AbstractRectGrid.hasCoordType(coordType)

	Has CoordType


	Returns

	
	1 iff self has the coordinate type.
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AbstractRectGrid.info(flag=None, device=None)

	Write info about slab; include dimension values and weights if flag
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AbstractRectGrid.isClose(g)

	Is Close


	Returns

	
	1 if g is ‘close enough’ to self to be considered equal, 0 if not.
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AbstractRectGrid.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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AbstractRectGrid.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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AbstractRectGrid.reconcile(axes)

	Reconcile


	Returns

	
	a grid that is consistent with the axes, or None.
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cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
	















            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
























            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string




















            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.setMask(mask, permanent=0)[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.setType(gridtype)[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.subGrid(latinterval, loninterval)[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.subGridRegion(latRegion, lonRegion)[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.subSlice(*specs, **keys)

	Get a subgrid based on an argument list <specs> of slices.









            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.toCurveGrid(gridid=None)[source]

	Convert to a curvilinear grid.


	Parameters

	
	grididis the string identifier of the resulting curvilinear grid object.
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cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.toGenericGrid(gridid=None)[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.transpose()[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.writeScrip(cufile, gridTitle=None)[source]

	Write a grid to a SCRIP file.


	Parameters

	
	cufileis a Cdunif file, NOT a CDMS file.
	

	gridtitleis a string identifying the grid.
	















            

          

      

      

    

  

  
    
    
    cdms2.grid:AbstractRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:AbstractRectGrid


	
AbstractRectGrid.writeToFile(file)[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.checkAxes(axes)

	Check Axes


	Returns

	
	1 iff self.getAxisList and axes are consistent.
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cdms2.grid:FileRectGrid


	
FileRectGrid.classify()

	Not documented
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cdms2.grid:FileRectGrid


	
FileRectGrid.classifyInFamily(gridlist)

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.clone(copyData=1)

	Make a copy of self.
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cdms2.grid:FileRectGrid


	
FileRectGrid.flatAxes()

	Flat Axes


	Returns

	
	flatlat, flatlon) where flatlat is a 1D NumPy array having the same
	

	length as the number of cells in the grid, similarly for flatlon.
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cdms2.grid:FileRectGrid


	
FileRectGrid.genBounds()

	Not documented
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cdms2.grid:FileRectGrid


	
FileRectGrid.getAxis(naxis)

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.getAxisList()

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.getBounds()

	Not documented
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cdms2.grid:FileRectGrid


	
FileRectGrid.getLatitude()

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.getLongitude()

	Not documented
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cdms2.grid:FileRectGrid


	
FileRectGrid.getMask()[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.getMaskVar()[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.getMesh()

	Generate a mesh array for the meshfill graphics method.
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cdms2.grid:FileRectGrid


	
FileRectGrid.getOrder()

	Not documented
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cdms2.grid:FileRectGrid


	
FileRectGrid.getType()

	Not documented
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cdms2.grid:FileRectGrid


	
FileRectGrid.getWeights()

	Not documented
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cdms2.grid:FileRectGrid


	
FileRectGrid.hasCoordType(coordType)

	Has CoordType


	Returns

	
	1 iff self has the coordinate type.
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cdms2.grid:FileRectGrid


	
FileRectGrid.info(flag=None, device=None)

	Write info about slab; include dimension values and weights if flag









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.isClose(g)

	Is Close


	Returns

	
	1 if g is ‘close enough’ to self to be considered equal, 0 if not.
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cdms2.grid:FileRectGrid


	
FileRectGrid.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)

















            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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cdms2.grid:FileRectGrid


	
FileRectGrid.reconcile(axes)

	Reconcile


	Returns

	
	a grid that is consistent with the axes, or None.
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cdms2.grid:FileRectGrid


	
FileRectGrid.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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cdms2.grid:FileRectGrid


	
FileRectGrid.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
























            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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cdms2.grid:FileRectGrid


	
FileRectGrid.setBounds(latBounds, lonBounds, persistent=0)[source]

	Not documented
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cdms2.grid:FileRectGrid


	
FileRectGrid.setMask(mask, persistent=0)[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.setType(gridtype)

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.subGrid(latinterval, loninterval)

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.subGridRegion(latRegion, lonRegion)

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.subSlice(*specs, **keys)

	Get a subgrid based on an argument list <specs> of slices.
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cdms2.grid:FileRectGrid


	
FileRectGrid.toCurveGrid(gridid=None)

	Convert to a curvilinear grid.


	Parameters

	
	grididis the string identifier of the resulting curvilinear grid object.
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cdms2.grid:FileRectGrid


	
FileRectGrid.toGenericGrid(gridid=None)

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.transpose()

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:FileRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:FileRectGrid


	
FileRectGrid.writeScrip(cufile, gridTitle=None)

	Write a grid to a SCRIP file.


	Parameters

	
	cufileis a Cdunif file, NOT a CDMS file.
	

	gridtitleis a string identifying the grid.
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cdms2.grid:FileRectGrid


	
FileRectGrid.writeToFile(file)

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.checkAxes(axes)

	Check Axes


	Returns

	
	1 iff self.getAxisList and axes are consistent.
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.classify()

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.classifyInFamily(gridlist)

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.clone(copyData=1)

	Make a copy of self.









            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.flatAxes()

	Flat Axes


	Returns

	
	flatlat, flatlon) where flatlat is a 1D NumPy array having the same
	

	length as the number of cells in the grid, similarly for flatlon.
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.genBounds()

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.getAxis(naxis)

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.getAxisList()

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.getBounds()

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.getLatitude()

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.getLongitude()

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.getMask()[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.getMesh()

	Generate a mesh array for the meshfill graphics method.
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.getOrder()

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.getType()

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.getWeights()

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.hasCoordType(coordType)

	Has CoordType


	Returns

	
	1 iff self has the coordinate type.
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.info(flag=None, device=None)

	Write info about slab; include dimension values and weights if flag









            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.isClose(g)

	Is Close


	Returns

	
	1 if g is ‘close enough’ to self to be considered equal, 0 if not.
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)

















            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.reconcile(axes)

	Reconcile


	Returns

	
	a grid that is consistent with the axes, or None.
	















            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
























            

          

      

      

    

  

  
    
    
    cdms2.grid:TransientRectGrid
    

    

    
 
  

    
      
          
            
  
cdms2.grid:TransientRectGrid


	
TransientRectGrid.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.setBounds(latBounds, lonBounds)[source]

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.setMask(mask, persistent=0)[source]

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.setType(gridtype)

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.subGrid(latinterval, loninterval)

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.subGridRegion(latRegion, lonRegion)

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.subSlice(*specs, **keys)

	Get a subgrid based on an argument list <specs> of slices.
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.toCurveGrid(gridid=None)

	Convert to a curvilinear grid.


	Parameters

	
	grididis the string identifier of the resulting curvilinear grid object.
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.toGenericGrid(gridid=None)

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.transpose()

	Not documented
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.writeScrip(cufile, gridTitle=None)

	Write a grid to a SCRIP file.


	Parameters

	
	cufileis a Cdunif file, NOT a CDMS file.
	

	gridtitleis a string identifying the grid.
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cdms2.grid:TransientRectGrid


	
TransientRectGrid.writeToFile(file)

	Not documented
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cdms2.grid


	
createAxis(data, bounds=None, id=None, copy=0, genericBounds=False)[source]

	Creates an axis.

To enabled automatic bounds generation see setAutoBounds.


	Parameters

	
	data(list/numpy.ndarray)
	Values for axis.



	boundsnumpy.ndarray
	2D array containing boundaries for data.



	idstr
	Axis identifier.



	copyint
	0: Stores reference of data.
1: Stores copy of data.



	genericBoundsbool
	True will create generic bounds if bounds is None.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing data.
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cdms2.grid


	
createGaussianAxis(nlat)[source]

	Creates Guassian Axis.


	Parameters

	
	nlatint
	Number of latitudes to generate.



	Returns
	

	——
	

	cdms2.TransientAxis
	TransientaAxis containing guassian axis of nlat.
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cdms2.grid


	
createGaussianGrid(nlats, xorigin=0.0, order='yx')[source]

	Create a Gaussian grid, with shape (nlats, 2*nlats).


	Parameters

	
	nlatsis the number of latitudes.
	

	xoriginis the origin of the longitude axis
	

	orderis either “yx” or “xy”
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cdms2.grid


	
createGenericGrid(latArray, lonArray, latBounds=None, lonBounds=None, order='yx', mask=None)[source]

	Not documented
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cdms2.grid


	
createGlobalMeanGrid(grid)[source]

	Not documented
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cdms2.grid


	
createRectGrid(lat, lon, order='yx', type='generic', mask=None)[source]

	Not documented
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cdms2.grid


	
createUniformGrid(startLat, nlat, deltaLat, startLon, nlon, deltaLon, order='yx', mask=None)[source]

	Not documented
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cdms2.grid


	
createUniformLatitudeAxis(startLat, nlat, deltaLat)[source]

	Creates a uniform latitude axis.


	Parameters

	
	startLatfloat
	Starting latitude value.



	nlat :
	Number of latitudes.



	deltaLatfloat
	Difference between each latitude point.







	Returns

	
	cdms2.TransientAxis
	TransientAxis containing uniform latitude axis.
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cdms2.grid


	
createUniformLongitudeAxis(startLon, nlon, deltaLon)[source]

	Creates a uniform longitude axis.


	Parameters

	
	startLonfloat
	Starting longitude value.



	nlonint
	Number of longitudes.



	deltaLonfloat
	Difference between each longitude point.







	Returns

	
	cdms2.TransientAxis
	TransientAxis containing uniform longitude axis.
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cdms2.grid


	
createZonalGrid(grid)[source]

	Not documented
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cdms2.grid


	
defaultRegion()[source]

	Default Region


	Returns

	
	a specification for a default (full) region.
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cdms2.grid


	
getAutoBounds()[source]

	Gets AutoBounds mode.

See setAutoBounds for description of modes.
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cdms2.grid


	
isGrid(grid)[source]

	Is grid a grid?


	Parameters

	
	grid-cdms2contruct to be examined
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cdms2.grid


	
isSubsetVector(vec1, vec2, tol)[source]

	Checks if vec1 is a subset of vec2.


	Parameters

	
	vec1(cdms2.TransientAxis, cdms2.FileAxis, numpy.ndarray)
	Subset data.



	vec2(cdms2.TransientAxis, cdms2.FileAxis, numpy.ndarray)
	Superset data.



	tolfloat
	Tolerance used when checking for subset.







	Returns

	
	(bool/int), int
	First value of True denotes vec1 is a subset of vec2.
A value of 0 or False denotes the opposite.

Second value is the starting index of vec1 in vec2 if it
is a subset.
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cdms2.grid


	
lookupArray(ar, value)[source]

	Lookup value in array ar.


	Parameters

	
	arInput array
	

	valueValue to search
	





	Returns

	
	index:
	
	ar is monotonically increasing.


	
	value <= ar[index], index==0..len(ar)-1
	
	value > ar[index], index==len(ar)


	
	ar is monotonically decreasing:
	
	value >= ar[index], index==0..len(ar)-1


	value < ar[index], index==len(ar)




































            

          

      

      

    

  

  
    
    
    cdms2.grid
    

    

    
 
  

    
      
          
            
  
cdms2.grid


	
setClassifyGrids(mode)[source]

	Not documented
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cdms2.grid


	
setRegionSpecs(grid, coordSpec, coordType, resultSpec)[source]

	Modify a list of coordinate specifications, given a coordinate type and
a specification for that coordinate.


	Parameters

	
	gridis the grid object to be associated with the region.
	

	coordSpecis a coordinate specification, having one of the forms:
	
x




(x,y)

(x,y,’co’)

(x,y,’co’,cycle)

‘:’
None



	coordTypeis one of CoordinateTypes
	

	resultSpecis a list of 4-tuples of the form (x,y,’co’,cycle), or None
	if no spec for the corresponding dimension type.
The function sets the appropriate coordinate in resultSpec,
in the canonical form (x,y,’co’,cycle). A CDMSError exception
is raised if the entry in resultSpec is not None.









Notes

That time coordinate types are not permitted.
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cdms2.grid


	
writeScripGrid(path, grid, gridTitle=None)[source]

	Write a grid to a SCRIP grid file.


	Parameters

	
	pathis the path of the SCRIP file to be created.
	

	gridis a CDMS grid object.
	

	gridTitleis a string ID for the grid.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.__init__(latAxis, lonAxis, id=None, maskvar=None, tempmask=None, node=None)[source]

	Create a curvilinear grid.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid._getShape()[source]

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.checkAxes(axes)[source]

	Check Axes


	Returns

	
	1 iff every element of self.getAxisList() is in the list ‘axes’.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.checkConvex()

	Check that each cell of the grid is convex in lon-lat space, with nodes defined counter-clockwise.


	Returns

	
	a 1D numpy array of cells that fail the cross-product test.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.clone(copyData=1)[source]

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.fixCutCells(nonConvexCells, threshold=270.0)

	For any mapping from a spherical to a planar surface, there is a linear cut.
Grid cells that span the cut may appear to be nonconvex, which causes problems
with meshfill graphics. This routine attempts to ‘repair’ the cut cell boundaries
so that meshfill recognizes they are convex.


	Parameters

	
	nonConvexCells1D numpy array of indices of nonconvex cells, as returned from checkConvex.
	

	thresholdpositive floating-point value in degrees.
	

	If the difference in longitude values of consecutive boundaries nodes
	

	exceeds the threshold, the cell is considered a cut cell. On return,
	

	the grid boundaries are modified.
	





	Returns

	
	value is a 1D array of indices of cells that cannot be repaired.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.flatAxes()[source]

	Flat Axes


	Returns

	
	(flatlat, flatlon) where flatlat is a 1D NumPy array
	

	having the same length as the number of cells in the grid, similarly for flatlon.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.genBounds()[source]

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.getAxis(naxis)[source]

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.getBounds()

	Get the grid cell boundaries, as a tuple (latitudeBounds, longitudeBounds)
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.getGridSlices(domainlist, newaxislist, slicelist)[source]

	Determine which slices in slicelist correspond to the lat/lon elements
of the grid.


	Parameters

	
	domainlistis a list of axes of a variable.
	

	newaxislistis a list of result axes after the slicelist is applied to domainlist.
	

	slicelistis a list of slices.
	

	All lists are of equal length.
	





	Returns

	
	valueis (newslicelist, gridaxislist) where
	

	newslicelistis the elements of slicelist that correspond to the grid, in the
	preferred order of the grid.



	gridaxislistis the elements of newaxislist that correspond to the grid, in the
	preferred order of the grid.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.getIndex()[source]

	Get the grid index
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.getLatitude()

	Get the latitude coordinates.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.getLongitude()

	Get the longitude coordinates.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.getMask()[source]

	Get the mask array, if any, otherwise None is returned.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.getMesh(transpose=None)[source]

	Generate a mesh array for the meshfill graphics method.
If transpose is defined to a tuple, say (1,0), first transpose
latbounds and lonbounds according to the tuple, (1,0,2) in this case.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.getWeightsArray()

	Get Weights Array


	Returns

	
	normalized area weights, as an array of the same
	

	shape as the grid.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.hasCoordType(coordType)

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.info(flag=None, device=None)

	Write info about slab; include dimension values and weights if flag
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.init_from_gridspec(filename)[source]

	Reads to grid from a Gridspec-compliant file.  The filename should be a
complete path.  The contents of the file may overwrite data in the existing
grid object.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.init_from_gridspec_file(f)[source]

	Reads to grid from a Gridspec-compliant file, f.  This f should be a
CdmsFile object, already open for reading.  The contents of the file may
overwrite data in the existing grid object.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.intersect(spec)[source]

	Intersect with the region specification.


	Parameters

	
	‘spec’is a region specification of the form defined in the grid module.
	





	Returns

	
	(mask, indexspecs) where
	

	‘mask’is the mask of the result grid AFTER self and region spec are interested.
	

	‘indexspecs’is a list of index specifications suitable for slicing a
	variable with the given grid.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.isClose(g)[source]

	Is Close


	Returns

	
	1 if gis a grid of the same type and shape. A real element-by-element
	comparison would be too expensive here.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.listall(all=None)

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.reconcile(axes)[source]

	Reconcile


	Returns

	
	a grid that is consistent with the axes, or None.
	For curvilinear grids this means that the grid-related axes are
contained in the ‘axes’ list.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.setMask(mask, permanent=0)

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.size()[source]

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.subGridRegion(latRegion, lonRegion)

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.subSlice(*specs, **keys)[source]

	Get a transient subgrid based on an argument list <specs> of slices.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.toCurveGrid(gridid=None)[source]

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.toGenericGrid(gridid=None)[source]

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.writeScrip(cufile, gridTitle=None)[source]

	Write a grid to a SCRIP file.
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.writeToFile(file)[source]

	Not documented
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cdms2.hgrid:AbstractCurveGrid


	
AbstractCurveGrid.write_gridspec(filename)[source]

	Writes this grid to a Gridspec-compliant file, or does nothing if there is
already a known file corresponding to this grid.  The filename should be a
complete path.
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AbstractCurveGrid.writeg(file)[source]

	Write self as a Gridspec file representing a curvilinear grid.
The file, normally a CdmsFile, should already be open for writing
and will be closed.
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cdms2.hgrid:AbstractHorizontalGrid


	
AbstractHorizontalGrid.checkAxes(axes)

	Check Axes


	Returns

	
	1 iff self.getAxisList and axes are consistent.
	















            

          

      

      

    

  

  
    
    
    cdms2.hgrid:AbstractHorizontalGrid
    

    

    
 
  

    
      
          
            
  
cdms2.hgrid:AbstractHorizontalGrid


	
AbstractHorizontalGrid.checkConvex()[source]

	Check that each cell of the grid is convex in lon-lat space, with nodes defined counter-clockwise.


	Returns

	
	a 1D numpy array of cells that fail the cross-product test.
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cdms2.hgrid:AbstractHorizontalGrid


	
AbstractHorizontalGrid.clone(copyData=1)

	Make a copy of self.
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AbstractHorizontalGrid.fixCutCells(nonConvexCells, threshold=270.0)[source]

	For any mapping from a spherical to a planar surface, there is a linear cut.
Grid cells that span the cut may appear to be nonconvex, which causes problems
with meshfill graphics. This routine attempts to ‘repair’ the cut cell boundaries
so that meshfill recognizes they are convex.


	Parameters

	
	nonConvexCells1D numpy array of indices of nonconvex cells, as returned from checkConvex.
	

	thresholdpositive floating-point value in degrees.
	

	If the difference in longitude values of consecutive boundaries nodes
	

	exceeds the threshold, the cell is considered a cut cell. On return,
	

	the grid boundaries are modified.
	





	Returns

	
	value is a 1D array of indices of cells that cannot be repaired.
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AbstractHorizontalGrid.flatAxes()

	Flat Axes


	Returns

	
	(flatlat, flatlon) where flatlat is a raveled NumPy array
	having the same length as the number of cells in the grid, similarly
for flatlon.
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AbstractHorizontalGrid.genBounds()[source]

	Not documented
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AbstractHorizontalGrid.getAxis(naxis)[source]

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.hgrid:AbstractHorizontalGrid
    

    

    
 
  

    
      
          
            
  
cdms2.hgrid:AbstractHorizontalGrid


	
AbstractHorizontalGrid.getAxisList()

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.hgrid:AbstractHorizontalGrid
    

    

    
 
  

    
      
          
            
  
cdms2.hgrid:AbstractHorizontalGrid


	
AbstractHorizontalGrid.getBounds()[source]

	Get the grid cell boundaries, as a tuple (latitudeBounds, longitudeBounds)
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AbstractHorizontalGrid.getLatitude()[source]

	Get the latitude coordinates.
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AbstractHorizontalGrid.getLongitude()[source]

	Get the longitude coordinates.
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AbstractHorizontalGrid.getMask()[source]

	Get the mask array, if any, otherwise None is returned.
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AbstractHorizontalGrid.getMesh()[source]

	Get the mesh array used by the meshfill plot.
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AbstractHorizontalGrid.getWeightsArray()[source]

	Get Weights Array


	Returns

	
	normalized area weights, as an array of the same
	

	shape as the grid.
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AbstractHorizontalGrid.hasCoordType(coordType)[source]

	Not documented
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AbstractHorizontalGrid.info(flag=None, device=None)

	Write info about slab; include dimension values and weights if flag
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AbstractHorizontalGrid.isClose(g)

	Is Close


	Returns

	
	1 if g is ‘close enough’ to self to be considered equal, 0 if not.
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AbstractHorizontalGrid.listall(all=None)[source]

	Not documented
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AbstractHorizontalGrid.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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AbstractHorizontalGrid.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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AbstractHorizontalGrid.reconcile(axes)

	Reconcile


	Returns

	
	a grid that is consistent with the axes, or None.
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AbstractHorizontalGrid.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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AbstractHorizontalGrid.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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AbstractHorizontalGrid.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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AbstractHorizontalGrid.setMask(mask, permanent=0)[source]

	Not documented
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AbstractHorizontalGrid.size()

	Return number of cells in the grid
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AbstractHorizontalGrid.subGridRegion(latRegion, lonRegion)[source]

	Not documented
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AbstractHorizontalGrid.subSlice(*specs, **keys)

	Get a subgrid based on an argument list <specs> of slices.
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AbstractHorizontalGrid.writeScrip(cdunifFile)

	Write a grid to a SCRIP file
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AbstractHorizontalGrid.writeToFile(file)

	Write self to a CdmsFile file, returning CF coordinates attribute, or None if not applicable
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AbstractHorizontalGrid.__init__(latAxis, lonAxis, id=None, maskvar=None, tempmask=None, node=None)[source]

	Create a horizontal grid.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.__init__(latAxis, lonAxis, id=None, maskvar=None, tempmask=None)[source]

	Create a file curvilinear grid.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid._getShape()

	Not documented
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.checkAxes(axes)

	Check Axes


	Returns

	
	1 iff every element of self.getAxisList() is in the list ‘axes’.
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TransientCurveGrid.checkConvex()

	Check that each cell of the grid is convex in lon-lat space, with nodes defined counter-clockwise.


	Returns

	
	a 1D numpy array of cells that fail the cross-product test.
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TransientCurveGrid.clone(copyData=1)

	Not documented
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TransientCurveGrid.fixCutCells(nonConvexCells, threshold=270.0)

	For any mapping from a spherical to a planar surface, there is a linear cut.
Grid cells that span the cut may appear to be nonconvex, which causes problems
with meshfill graphics. This routine attempts to ‘repair’ the cut cell boundaries
so that meshfill recognizes they are convex.


	Parameters

	
	nonConvexCells1D numpy array of indices of nonconvex cells, as returned from checkConvex.
	

	thresholdpositive floating-point value in degrees.
	

	If the difference in longitude values of consecutive boundaries nodes
	

	exceeds the threshold, the cell is considered a cut cell. On return,
	

	the grid boundaries are modified.
	





	Returns

	
	value is a 1D array of indices of cells that cannot be repaired.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.flatAxes()

	Flat Axes


	Returns

	
	(flatlat, flatlon) where flatlat is a 1D NumPy array
	

	having the same length as the number of cells in the grid, similarly for flatlon.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.genBounds()

	Not documented
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.getAxis(naxis)

	Not documented
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.getBounds()

	Get the grid cell boundaries, as a tuple (latitudeBounds, longitudeBounds)
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TransientCurveGrid.getGridSlices(domainlist, newaxislist, slicelist)

	Determine which slices in slicelist correspond to the lat/lon elements
of the grid.


	Parameters

	
	domainlistis a list of axes of a variable.
	

	newaxislistis a list of result axes after the slicelist is applied to domainlist.
	

	slicelistis a list of slices.
	

	All lists are of equal length.
	





	Returns

	
	valueis (newslicelist, gridaxislist) where
	

	newslicelistis the elements of slicelist that correspond to the grid, in the
	preferred order of the grid.



	gridaxislistis the elements of newaxislist that correspond to the grid, in the
	preferred order of the grid.
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TransientCurveGrid.getIndex()

	Get the grid index
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.getLatitude()

	Get the latitude coordinates.
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TransientCurveGrid.getLongitude()

	Get the longitude coordinates.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.getMask()

	Get the mask array, if any, otherwise None is returned.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.getMesh(transpose=None)

	Generate a mesh array for the meshfill graphics method.
If transpose is defined to a tuple, say (1,0), first transpose
latbounds and lonbounds according to the tuple, (1,0,2) in this case.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.getWeightsArray()

	Get Weights Array


	Returns

	
	normalized area weights, as an array of the same
	

	shape as the grid.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.hasCoordType(coordType)

	Not documented
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.info(flag=None, device=None)

	Write info about slab; include dimension values and weights if flag
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TransientCurveGrid.init_from_gridspec(filename)

	Reads to grid from a Gridspec-compliant file.  The filename should be a
complete path.  The contents of the file may overwrite data in the existing
grid object.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.init_from_gridspec_file(f)

	Reads to grid from a Gridspec-compliant file, f.  This f should be a
CdmsFile object, already open for reading.  The contents of the file may
overwrite data in the existing grid object.
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TransientCurveGrid.intersect(spec)

	Intersect with the region specification.


	Parameters

	
	‘spec’is a region specification of the form defined in the grid module.
	





	Returns

	
	(mask, indexspecs) where
	

	‘mask’is the mask of the result grid AFTER self and region spec are interested.
	

	‘indexspecs’is a list of index specifications suitable for slicing a
	variable with the given grid.
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TransientCurveGrid.isClose(g)

	Is Close


	Returns

	
	1 if gis a grid of the same type and shape. A real element-by-element
	comparison would be too expensive here.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.listall(all=None)

	Not documented
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TransientCurveGrid.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.reconcile(axes)

	Reconcile


	Returns

	
	a grid that is consistent with the axes, or None.
	For curvilinear grids this means that the grid-related axes are
contained in the ‘axes’ list.
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TransientCurveGrid.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
	















            

          

      

      

    

  

  
    
    
    cdms2.hgrid:TransientCurveGrid
    

    

    
 
  

    
      
          
            
  
cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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TransientCurveGrid.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.setMask(mask, permanent=0)

	Not documented
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.size()

	Not documented
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TransientCurveGrid.subGridRegion(latRegion, lonRegion)

	Not documented
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.subSlice(*specs, **keys)

	Get a transient subgrid based on an argument list <specs> of slices.
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TransientCurveGrid.toCurveGrid(gridid=None)[source]

	Not documented
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.toGenericGrid(gridid=None)

	Not documented









            

          

      

      

    

  

  
    
    
    cdms2.hgrid:TransientCurveGrid
    

    

    
 
  

    
      
          
            
  
cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.writeScrip(cufile, gridTitle=None)

	Write a grid to a SCRIP file.
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.writeToFile(file)

	Not documented
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cdms2.hgrid:TransientCurveGrid


	
TransientCurveGrid.write_gridspec(filename)

	Writes this grid to a Gridspec-compliant file, or does nothing if there is
already a known file corresponding to this grid.  The filename should be a
complete path.
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TransientCurveGrid.writeg(file)

	Write self as a Gridspec file representing a curvilinear grid.
The file, normally a CdmsFile, should already be open for writing
and will be closed.
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_flatten(boundsar)[source]
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cdms2.hgrid


	
allclose(ax1, ax2, rtol=1e-05, atol=1e-08)[source]

	All close


	Parameters

	
	ax1, ax2array_like
	





	Returns

	
	bool
	True if all elements of axes ax1 and ax2 are close,
in the sense of numpy.ma.allclose.



	See Alsoall, any
	







Examples

>>> a = ma.array([1e10, 1e-7, 42.0], mask=[0, 0, 1])
>>> a
masked_array(data = [10000000000.0 1e-07 --],
             mask = [False False True],
       fill_value = 1e+20)
>>> b = ma.array([1e10, 1e-8, 42.0], mask=[0, 0, 1])
>>> ma.allclose(a, b)
False
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getAutoBounds()[source]

	Gets AutoBounds mode.

See setAutoBounds for description of modes.
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readScripCurveGrid(fileobj, dims, whichType, whichGrid)[source]

	Read a ‘native’ SCRIP grid file, returning a transient curvilinear grid.


	Parameters

	
	fileobjis an open CDMS dataset or file object.
	

	dimsis the grid shape.
	

	whichTypeis the type of file, either “grid” or “mapping”
	

	f whichType  is “mapping”, whichGrid is the choice of grid, either “source” or “destination”
	















            

          

      

      

    

  

  
    
    
    cdms2.slabinterface:Slab
    

    

    
 
  

    
      
          
            
  
cdms2.slabinterface:Slab


	
Slab.createattribute(name, value)[source]

	Create an attribute and set its name to value.
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cdms2.slabinterface:Slab


	
Slab.deleteattribute(name)[source]

	Delete the named attribute.
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Slab.getattribute(name)[source]

	Get the attribute name.
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Slab.getdimattribute(dim, field)[source]

	Get the attribute named field from the dim’th dimension.
For bounds returns the old cu one-dimensional version.
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Slab.info(flag=None, device=None)[source]

	Write info about slab; include dimension values and weights if flag
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Slab.listall(all=None)[source]

	Get list of info about this slab.
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Slab.listattributes()[source]

	Return a list of attribute names.
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Slab.listdimattributes(dim)[source]

	List the legal axis field names.
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Slab.listdimnames()[source]

	Return a list of the names of the dimensions.
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Slab.setattribute(name, value)[source]

	Set the attribute name to value.









            

          

      

      

    

  

  
    
    
    cdms2.slabinterface:Slab
    

    

    
 
  

    
      
          
            
  
cdms2.slabinterface:Slab


	
Slab.showdim()[source]

	Show the dimension attributes and values.
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cdms_bounds2cu_bounds(b)[source]

	Bounds are  len(v) by 2 in cdms but len(v)+1 in cu
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TransientVariable._TransientVariable__getMPIType()

	Return the MPI type of the array, or None
if no match
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TransientVariable._TransientVariable__getSlab(dim, slce)

	
	Parameters

	
	Get slab:
	
A slab is a multi-dimensional slice extending in all directions except along dim where slce applies





	dim:
	dimension (0=first index, 1=2nd index…)



	slce:
	python slice object along dimension dim











	Returns

	
	slab
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TransientVariable.__array_wrap__(obj, context=None)

	Special hook for ufuncs.

Wraps the numpy array and sets the mask according to context.
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TransientVariable.__call__(*args, **kwargs)

	Selection of a subregion using selectors.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid
	

	orderif given, result is permuted into this order
	





	Returns

	
	Subregion selected
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TransientVariable.__float__()

	Convert to float.
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TransientVariable.__getstate__()[source]

	Return the internal state of the tvariable, for pickling
purposes.
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TransientVariable.__iadd__(other)

	Add other to self in place.
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TransientVariable.__idiv__(other)

	Divide self by other in place.
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TransientVariable.__ifloordiv__(other)

	Floor divide self by other in-place.
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TransientVariable.__imul__(other)

	Multiply self by other in place.
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TransientVariable.__init__(data, typecode=None, copy=1, savespace=0, mask=False, fill_value=None, grid=None, axes=None, attributes=None, id=None, copyaxes=1, dtype=None, order='C', no_update_from=False, **kargs)[source]

	
	Parameters

	
	createVariable
	(self, data, typecode=None, copy=0, savespace=0, mask=None,
fill_value=None, grid=None, axes=None, attributes=None, id=None,
dtype=None, order=’C’) The savespace argument is ignored,
for backward compatibility only.
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TransientVariable.__int__()

	Convert to int.
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TransientVariable.__ipow__(other)

	Raise self to the power other, in place.
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TransientVariable.__isub__(other)

	Subtract other from self in place.
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TransientVariable.__itruediv__(other)

	True divide self by other in-place.
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TransientVariable.__len__()[source]

	Length of first dimension
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TransientVariable.__reduce__()

	Return a 3-tuple for pickling a MaskedArray.
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TransientVariable.__rfloordiv__(other)

	Divide self into other, and return a new masked array.
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TransientVariable.__rpow__(other)

	Raise other to the power self, masking the potential NaNs/Infs
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TransientVariable.__rtruediv__(other)

	Divide self into other, and return a new masked array.









            

          

      

      

    

  

  
    
    
    cdms2.tvariable:TransientVariable
    

    

    
 
  

    
      
          
            
  
cdms2.tvariable:TransientVariable


	
TransientVariable.__setitem__(indx, value)

	x.__setitem__(i, y) <==> x[i]=y

Set item described by index. If value is masked, masks those
locations.
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TransientVariable.__setmask__(mask, copy=False)

	Set the mask.
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TransientVariable.__setstate__(state)[source]

	Restore the internal state of the tvariable, for
pickling purposes.  state is typically the output of the
__getstate__ output, and is a 5-tuple:


	json file from dumps()
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TransientVariable._comparison(other, compare)

	Compare self with other using operator.eq or operator.ne.

When either of the elements is masked, the result is masked as well,
but the underlying boolean data are still set, with self and other
considered equal if both are masked, and unequal otherwise.

For structured arrays, all fields are combined, with masked values
ignored. The result is masked if all fields were masked, with self
and other considered equal only if both were fully masked.
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TransientVariable._decodedType()

	The datatype after decoding.
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TransientVariable._get_data()

	Returns the underlying data, as a view of the masked array.

If the underlying data is a subclass of numpy.ndarray, it is
returned as such.

>>> x = np.ma.array(np.matrix([[1, 2], [3, 4]]), mask=[[0, 1], [1, 0]])
>>> x.data
matrix([[1, 2],
        [3, 4]])





The type of the data can be accessed through the baseclass
attribute.
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TransientVariable._insert_masked_print()

	Replace masked values with masked_print_option, casting all innermost
dtypes to object.
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TransientVariable._process_specs(specs, keys)

	Process the arguments for a getSlice, getRegion, etc.
time, level, latitude, longitude keywords handled here


	Returns

	
	An array of specifications for all dimensions.
	

	Any Ellipsis has been eliminated.
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TransientVariable._set_mask(mask, copy=False)

	Set the mask.
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TransientVariable._single_specs(specs)

	Return a list of dimension indices where the spec is an index.
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TransientVariable.all(axis=None, out=None, keepdims=<no value>)

	Returns True if all elements evaluate to True.

The output array is masked where all the values along the given axis
are masked: if the output would have been a scalar and that all the
values are masked, then the output is masked.

Refer to numpy.all for full documentation.


See also


	numpy.ndarray.all
	corresponding function for ndarrays



	numpy.all
	equivalent function







Examples

>>> np.ma.array([1,2,3]).all()
True
>>> a = np.ma.array([1,2,3], mask=True)
>>> (a.all() is np.ma.masked)
True
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TransientVariable.anom(axis=None, dtype=None)

	Compute the anomalies (deviations from the arithmetic mean)
along the given axis.

Returns an array of anomalies, with the same shape as the input and
where the arithmetic mean is computed along the given axis.


	Parameters

	
	axisint, optional
	Axis over which the anomalies are taken.
The default is to use the mean of the flattened array as reference.



	dtypedtype, optional
	
	Type to use in computing the variance. For arrays of integer type
	the default is float32; for arrays of float types it is the same as
the array type.














See also


	mean
	Compute the mean of the array.







Examples

>>> a = np.ma.array([1,2,3])
>>> a.anom()
masked_array(data=[-1.,  0.,  1.],
             mask=False,
       fill_value=1e+20)
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TransientVariable.any(axis=None, out=None, keepdims=<no value>)

	Returns True if any of the elements of a evaluate to True.

Masked values are considered as False during computation.

Refer to numpy.any for full documentation.


See also


	numpy.ndarray.any
	corresponding function for ndarrays



	numpy.any
	equivalent function
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TransientVariable.argmax(axis=None, fill_value=None, out=None)

	Returns array of indices of the maximum values along the given axis.
Masked values are treated as if they had the value fill_value.


	Parameters

	
	axis{None, integer}
	If None, the index is into the flattened array, otherwise along
the specified axis



	fill_value{var}, optional
	Value used to fill in the masked values.  If None, the output of
maximum_fill_value(self._data) is used instead.



	out{None, array}, optional
	Array into which the result can be placed. Its type is preserved
and it must be of the right shape to hold the output.







	Returns

	
	index_array{integer_array}
	







Examples

>>> a = np.arange(6).reshape(2,3)
>>> a.argmax()
5
>>> a.argmax(0)
array([1, 1, 1])
>>> a.argmax(1)
array([2, 2])
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TransientVariable.argmin(axis=None, fill_value=None, out=None)

	Return array of indices to the minimum values along the given axis.


	Parameters

	
	axis{None, integer}
	If None, the index is into the flattened array, otherwise along
the specified axis



	fill_value{var}, optional
	Value used to fill in the masked values.  If None, the output of
minimum_fill_value(self._data) is used instead.



	out{None, array}, optional
	Array into which the result can be placed. Its type is preserved
and it must be of the right shape to hold the output.







	Returns

	
	ndarray or scalar
	If multi-dimension input, returns a new ndarray of indices to the
minimum values along the given axis.  Otherwise, returns a scalar
of index to the minimum values along the given axis.









Examples

>>> x = np.ma.array(np.arange(4), mask=[1,1,0,0])
>>> x.shape = (2,2)
>>> x
masked_array(
  data=[[--, --],
        [2, 3]],
  mask=[[ True,  True],
        [False, False]],
  fill_value=999999)
>>> x.argmin(axis=0, fill_value=-1)
array([0, 0])
>>> x.argmin(axis=0, fill_value=9)
array([1, 1])
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TransientVariable.argsort(axis=<no value>, kind=None, order=None, endwith=True, fill_value=None)

	Return an ndarray of indices that sort the array along the
specified axis.  Masked values are filled beforehand to
fill_value.


	Parameters

	
	axisint, optional
	Axis along which to sort. If None, the default, the flattened array
is used.


Changed in version 1.13.0: Previously, the default was documented to be -1, but that was
in error. At some future date, the default will change to -1, as
originally intended.
Until then, the axis should be given explicitly when
arr.ndim > 1, to avoid a FutureWarning.





	kind{‘quicksort’, ‘mergesort’, ‘heapsort’, ‘stable’}, optional
	The sorting algorithm used.



	orderlist, optional
	When a is an array with fields defined, this argument specifies
which fields to compare first, second, etc.  Not all fields need be
specified.



	endwith{True, False}, optional
	Whether missing values (if any) should be treated as the largest values
(True) or the smallest values (False)
When the array contains unmasked values at the same extremes of the
datatype, the ordering of these values and the masked values is
undefined.



	fill_value{var}, optional
	Value used internally for the masked values.
If fill_value is not None, it supersedes endwith.







	Returns

	
	index_arrayndarray, int
	Array of indices that sort a along the specified axis.
In other words, a[index_array] yields a sorted a.










See also


	MaskedArray.sort
	Describes sorting algorithms used.



	lexsort
	Indirect stable sort with multiple keys.



	numpy.ndarray.sort
	Inplace sort.







Notes

See sort for notes on the different sorting algorithms.

Examples

>>> a = np.ma.array([3,2,1], mask=[False, False, True])
>>> a
masked_array(data=[3, 2, --],
             mask=[False, False,  True],
       fill_value=999999)
>>> a.argsort()
array([1, 0, 2])
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TransientVariable.asma()[source]

	Convert a Transient Variable into a numpy masked array.
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TransientVariable.astype(tc)[source]

	return self as array of given type.
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TransientVariable.clip(min=None, max=None, out=None, **kwargs)

	Return an array whose values are limited to [min, max].
One of max or min must be given.

Refer to numpy.clip for full documentation.


See also


	numpy.clip
	equivalent function















            

          

      

      

    

  

  
    
    
    cdms2.tvariable:TransientVariable
    

    

    
 
  

    
      
          
            
  
cdms2.tvariable:TransientVariable


	
TransientVariable.clone(copyData=1)[source]

	Clone


	Parameters

	
	clone(self, copyData=1)
	





	Returns

	
	a copy of self as a transient variable.
	

	If copyData is 1 (default), make a separate copy of the data.
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TransientVariable.compress(condition, axis=None, out=None)

	Return a where condition is True.

If condition is a MaskedArray, missing values are considered
as False.


	Parameters

	
	conditionvar
	Boolean 1-d array selecting which entries to return. If len(condition)
is less than the size of a along the axis, then output is truncated
to length of condition array.



	axis{None, int}, optional
	Axis along which the operation must be performed.



	out{None, ndarray}, optional
	Alternative output array in which to place the result. It must have
the same shape as the expected output but the type will be cast if
necessary.







	Returns

	
	resultMaskedArray
	A MaskedArray object.









Notes

Please note the difference with compressed() !
The output of compress() has a mask, the output of
compressed() does not.

Examples

>>> x = np.ma.array([[1,2,3],[4,5,6],[7,8,9]], mask=[0] + [1,0]*4)
>>> x
masked_array(
  data=[[1, --, 3],
        [--, 5, --],
        [7, --, 9]],
  mask=[[False,  True, False],
        [ True, False,  True],
        [False,  True, False]],
  fill_value=999999)
>>> x.compress([1, 0, 1])
masked_array(data=[1, 3],
             mask=[False, False],
       fill_value=999999)





>>> x.compress([1, 0, 1], axis=1)
masked_array(
  data=[[1, 3],
        [--, --],
        [7, 9]],
  mask=[[False, False],
        [ True,  True],
        [False, False]],
  fill_value=999999)
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TransientVariable.compressed()

	Return all the non-masked data as a 1-D array.


	Returns

	
	datandarray
	A new ndarray holding the non-masked data is returned.









Notes

The result is not a MaskedArray!

Examples

>>> x = np.ma.array(np.arange(5), mask=[0]*2 + [1]*3)
>>> x.compressed()
array([0, 1])
>>> type(x.compressed())
<class 'numpy.ndarray'>
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TransientVariable.copyAxis(n, axis)[source]

	Set n axis of self to a copy of axis. (0-based index)
Invalidates grid.
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TransientVariable.copyDomain(other)[source]

	Set the axes and grid by copying variable other.
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TransientVariable.copydimension(idim, other, jdim)[source]

	Set idim dimension of self to variable other’s jdim’th
This is for old cu compatibility. Use copyAxis for new code.
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TransientVariable.count(axis=None, keepdims=<no value>)

	Count the non-masked elements of the array along the given axis.


	Parameters

	
	axisNone or int or tuple of ints, optional
	Axis or axes along which the count is performed.
The default, None, performs the count over all
the dimensions of the input array. axis may be negative, in
which case it counts from the last to the first axis.


New in version 1.10.0.



If this is a tuple of ints, the count is performed on multiple
axes, instead of a single axis or all the axes as before.



	keepdimsbool, optional
	If this is set to True, the axes which are reduced are left
in the result as dimensions with size one. With this option,
the result will broadcast correctly against the array.







	Returns

	
	resultndarray or scalar
	An array with the same shape as the input array, with the specified
axis removed. If the array is a 0-d array, or if axis is None, a
scalar is returned.










See also


	count_masked
	Count masked elements in array or along a given axis.







Examples

>>> import numpy.ma as ma
>>> a = ma.arange(6).reshape((2, 3))
>>> a[1, :] = ma.masked
>>> a
masked_array(
  data=[[0, 1, 2],
        [--, --, --]],
  mask=[[False, False, False],
        [ True,  True,  True]],
  fill_value=999999)
>>> a.count()
3





When the axis keyword is specified an array of appropriate size is
returned.

>>> a.count(axis=0)
array([1, 1, 1])
>>> a.count(axis=1)
array([3, 0])
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TransientVariable.createattribute(name, value)

	Create an attribute and set its name to value.
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TransientVariable.crossSectionRegrid(newLevel, newLatitude, missing=None, order=None, method='log')

	Return the variable regridded to new pressure levels and latitudes.
The variable should be a function of lat, level, and (optionally) time.


	Parameters

	
	newLevelis an axis of the result pressure levels.
	

	newLatitudeis an axis of latitude values.
	

	methodOptional either “log” to interpolate in the log of pressure (default),
	or “linear” for linear interpolation.



	missing and orderare as for regrid.CrossSectionRegridder.
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TransientVariable.cumprod(axis=None, dtype=None, out=None)

	Return the cumulative product of the array elements over the given axis.

Masked values are set to 1 internally during the computation.
However, their position is saved, and the result will be masked at
the same locations.

Refer to numpy.cumprod for full documentation.


See also


	numpy.ndarray.cumprod
	corresponding function for ndarrays



	numpy.cumprod
	equivalent function







Notes

The mask is lost if out is not a valid MaskedArray !

Arithmetic is modular when using integer types, and no error is
raised on overflow.









            

          

      

      

    

  

  
    
    
    cdms2.tvariable:TransientVariable
    

    

    
 
  

    
      
          
            
  
cdms2.tvariable:TransientVariable


	
TransientVariable.cumsum(axis=None, dtype=None, out=None)

	Return the cumulative sum of the array elements over the given axis.

Masked values are set to 0 internally during the computation.
However, their position is saved, and the result will be masked at
the same locations.

Refer to numpy.cumsum for full documentation.


See also


	numpy.ndarray.cumsum
	corresponding function for ndarrays



	numpy.cumsum
	equivalent function







Notes

The mask is lost if out is not a valid MaskedArray !

Arithmetic is modular when using integer types, and no error is
raised on overflow.

Examples

>>> marr = np.ma.array(np.arange(10), mask=[0,0,0,1,1,1,0,0,0,0])
>>> marr.cumsum()
masked_array(data=[0, 1, 3, --, --, --, 9, 16, 24, 33],
             mask=[False, False, False,  True,  True,  True, False, False,
                   False, False],
       fill_value=999999)
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TransientVariable.decode(ar)

	Decode compressed data.


	Parameters

	
	aris a masked array, scalar, or numpy.ma.masked.
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TransientVariable.deleteattribute(name)

	Delete the named attribute.
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TransientVariable.diagonal(offset=0, axis1=0, axis2=1)

	Return specified diagonals. In NumPy 1.9 the returned array is a
read-only view instead of a copy as in previous NumPy versions.  In
a future version the read-only restriction will be removed.

Refer to numpy.diagonal() for full documentation.


See also


	numpy.diagonal
	equivalent function
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TransientVariable.dot(b, out=None)

	Masked dot product of two arrays. Note that out and strict are
located in different positions than in ma.dot. In order to
maintain compatibility with the functional version, it is
recommended that the optional arguments be treated as keyword only.
At some point that may be mandatory.


New in version 1.10.0.




	Parameters

	
	bmasked_array_like
	Inputs array.



	outmasked_array, optional
	Output argument. This must have the exact kind that would be
returned if it was not used. In particular, it must have the
right type, must be C-contiguous, and its dtype must be the
dtype that would be returned for ma.dot(a,b). This is a
performance feature. Therefore, if these conditions are not
met, an exception is raised, instead of attempting to be
flexible.



	strictbool, optional
	Whether masked data are propagated (True) or set to 0 (False)
for the computation. Default is False.  Propagating the mask
means that if a masked value appears in a row or column, the
whole row or column is considered masked.


New in version 1.10.2.












See also


	numpy.ma.dot
	equivalent function
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TransientVariable.dumps(*args, **kargs)[source]

	Dumps Variable to a jason object, args are passed directly to json.dump
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TransientVariable.exposeHalo(ghostWidth=1)[source]

	Expose the halo to other processors. The halo is the region
within the local MPI data domain that is accessible to other
processors. The halo encompasses the edge of the data region
and has thickness ghostWidth.

ghostWidth - width of the halo region (> 0)
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TransientVariable.fetchHaloData(pe, side)[source]

	Fetch the halo data from another processor. The halo side is a subdomain of the halo that
is exposed to other processors. It is an error to call this method when MPI is not enabled.
This is a collective method (must be called by all processes), which involves synchronization
of data among all processors.


	Parameters

	
	pe:
	
processor owning the halo data. This is a no operation when pe is None.





	side:
	a tuple of zeros and one +1 or -1.  To access the “north” side for instance,
set side=(1, 0), (-1, 0) to access the south side, (0, 1) the east side, etc.







	Note: collective, all procs must invoke this method. If some processors should not fetch then pass None for pe.
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TransientVariable.filled(fill_value=None)

	Return a copy of self, with masked values filled with a given value.
However, if there are no masked values to fill, self will be
returned instead as an ndarray.


	Parameters

	
	fill_valuearray_like, optional
	The value to use for invalid entries. Can be scalar or non-scalar.
If non-scalar, the resulting ndarray must be broadcastable over
input array. Default is None, in which case, the fill_value
attribute of the array is used instead.







	Returns

	
	filled_arrayndarray
	A copy of self with invalid entries replaced by fill_value
(be it the function argument or the attribute of self), or
self itself as an ndarray if there are no invalid entries to
be replaced.









Notes

The result is not a MaskedArray!

Examples

>>> x = np.ma.array([1,2,3,4,5], mask=[0,0,1,0,1], fill_value=-999)
>>> x.filled()
array([   1,    2, -999,    4, -999])
>>> x.filled(fill_value=1000)
array([   1,    2, 1000,    4, 1000])
>>> type(x.filled())
<class 'numpy.ndarray'>





Subclassing is preserved. This means that if, e.g., the data part of
the masked array is a recarray, filled returns a recarray:

>>> x = np.array([(-1, 2), (-3, 4)], dtype='i8,i8').view(np.recarray)
>>> m = np.ma.array(x, mask=[(True, False), (False, True)])
>>> m.filled()
rec.array([(999999,      2), (    -3, 999999)],
          dtype=[('f0', '<i8'), ('f1', '<i8')])
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TransientVariable.flatten(order='C')

	Return a copy of the array collapsed into one dimension.


	Parameters

	
	order{‘C’, ‘F’, ‘A’, ‘K’}, optional
	‘C’ means to flatten in row-major (C-style) order.
‘F’ means to flatten in column-major (Fortran-
style) order. ‘A’ means to flatten in column-major
order if a is Fortran contiguous in memory,
row-major order otherwise. ‘K’ means to flatten
a in the order the elements occur in memory.
The default is ‘C’.







	Returns

	
	yndarray
	A copy of the input array, flattened to one dimension.










See also


	ravel
	Return a flattened array.



	flat
	A 1-D flat iterator over the array.







Examples

>>> a = np.array([[1,2], [3,4]])
>>> a.flatten()
array([1, 2, 3, 4])
>>> a.flatten('F')
array([1, 3, 2, 4])
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TransientVariable.freeHalo()[source]

	Free the MPI windows attached to the halo. This must be
called before MPI_Finalize.
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TransientVariable.generateGridkey(convention, vardict)

	Determine if the variable is gridded.


	Parameters

	
	conventionMetadata convention class
	

	vardictVariable metedata
	





	Returns

	
	((latname, lonname, order, maskname, class), lat, lon) if gridded
	

	(None, None, None) if not gridded
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TransientVariable.generateRectGridkey(lat, lon)

	Determine if the variable is gridded, rectilinear.


	Parameters

	
	latlatitude axis
	

	lonlongitude axis
	





	Returns

	
	(latname, lonname, order, maskname, class) if gridded, None if not gridded.
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TransientVariable.getAxisIds()

	Get a list of axis identifiers.


	Returns

	
	array list of axis ids
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TransientVariable.getAxisIndex(axis_spec)

	Get the index of the axis specificed by axis_spec.


	Parameters

	
	axis_spec :
	





	Returns

	
	the axis index or -1 if no match is found.
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TransientVariable.getAxisList(axes=None, omit=None, order=None)

	Get the list of axis objects

Notes

If axes is not None, include only certain axes.
If omit is not None, omit those specified by omit.

Arguments omit or axes  may be as specified in axisMatchAxis

order is an optional string determining the output order









            

          

      

      

    

  

  
    
    
    cdms2.tvariable:TransientVariable
    

    

    
 
  

    
      
          
            
  
cdms2.tvariable:TransientVariable


	
TransientVariable.getAxisListIndex(axes=None, omit=None, order=None)

	Get Axis List Index


	Returns

	
	a list of indices of axis objects
	







Notes

If axes is not None, include only certain axes.
less the ones specified in omit.

If axes is None, use all axes of this variable.

Other specificiations are as for axisMatchIndex.
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TransientVariable.getConvention()

	Get the metadata convention associated with this object.
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TransientVariable.getForecastTime()

	Get the first forecast time dimension.


	Returns

	
	First forecast time dimension axis or None.
	















            

          

      

      

    

  

  
    
    
    cdms2.tvariable:TransientVariable
    

    

    
 
  

    
      
          
            
  
cdms2.tvariable:TransientVariable


	
TransientVariable.getGridIndices()

	Get Grid Indices


	Returns

	
	a tuple of indices corresponding to the variable grid.
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TransientVariable.getHaloEllipsis(side)[source]

	Get the ellipsis for a given halo side.


	Parameters

	
	side:
	
a tuple of zeros and one +1 or -1.  To access the “north” side for instance, set side=(1, 0),
(-1, 0) to access the south side, (0, 1) the east side, etc. This does not involve any communication.




_:None







	Returns

	
	none if halo was not exposed (see exposeHalo)
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TransientVariable.getLatitude()

	Get the first latitude dimension.


	Returns

	
	First latitude dimension axis or None.
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TransientVariable.getLevel()

	Get the first vertical level dimension in the domain.


	Returns

	
	First vertical level dimension axis or None.
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TransientVariable.getLongitude()

	Get the first longitude dimension.


	Returns

	
	First longitude dimension axis or None.
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TransientVariable.getMPIRank()[source]

	Return the MPI rank
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TransientVariable.getMPISize()[source]

	Return the MPI communicator size
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TransientVariable.getMissing(asarray=0)

	Get Missing


	Parameters

	
	asarray‘0’
	

	‘1’numpy array
	





	Returns

	
	the missing value as a scalar, or as a numpy array if asarray==1
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TransientVariable.getOrder(ids=0)

	Get Order


	Parameters

	
	id0 or 1
	





	Returns

	
	the order string, such as t, z, y, x (time, level, lat, lon).
	

	Notes
	




	
	if ids == 0 (the default) for an axis that is not t,z,x,y
	the order string will contain a (-) character in that location.
The result string will be of the same length as the number
of axes. This makes it easy to loop over the dimensions.







	
	if ids == 1 those axes will be represented in the order
	string as (id) where id is that axis’ id. The result will
be suitable for passing to order2index to get the
corresponding axes, and to orderparse for dividing up into
components.
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TransientVariable.getRegion(*specs, **keys)

	Read a region of data. A region is an n-dimensional rectangular region specified in coordinate space.


	Parameters

	
	sliceis an argument list, each item of which has one of the following forms:
	
	
	x, where x is a scalar
	
	Map the scalar to the index of the closest coordinate value.










	
	(x, y)
	
	Map the half-open coordinate interval [x,y) to index interval.










	
	(x, y, ‘cc’)
	
	Map the closed interval [x,y] to index interval. Other options
are ‘oo’ (open), ‘oc’ (open on the left), and ‘co’
(open on the right, the default).










	
	(x, y, ‘co’, cycle)
	
	Map the coordinate interval with wraparound. If no cycle is
specified, wraparound will occur iff axis.isCircular() is true.














	EllipsisRepresents the full range of all dimensions bracketed by non-Ellipsis items.
	

	None, colonRepresents the full range of one dimension.
	

	Notes
	

	Only one dimension may be wrapped.
	

	Example
	

	Suppose the variable domain is `(time, level, lat, lon)`. Then
	>>> getRegion((10, 20), 850, Ellipsis,(-180, 180))






	retrieves :
	
	all times t such that 10.<=t<20.


	level 850.


	all values of all dimensions between level and lon (namely, lat).


	longitudes x such that -180<=x<180. This will be wrapped unless lon.topology==’linear’.
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TransientVariable.getSlice(*specs, **keys)

	getSlice takes arguments of the following forms and produces
a return array.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid.
	

	orderif given, result is permuted into this order
	

	numericSqueezeif index slice is given, eliminate that dimension.
	

	isitemif given, result is return as a scaler for 0-D data
	

	Notes
	

	There can be zero or more positional arguments, each of the form:
	

	#. a single integer n, meaning slice(n, n+1)
	

	#. an instance of the slice class
	

	#. a tuple, which will be used as arguments to create a slice
	

	#. `None` or `:`, which means a slice covering that entire dimension
	

	#. Ellipsis (…), which means to fill the slice list with `:`
	leaving only enough room at the end for the remaining positional arguments



	There can be keyword arguments of the form key = value, where
	

	key can be one of the names `time`, `level`, `latitude`, or
	

	`longitude`. The corresponding value can be any of (1)-(5) above.
	

	There must be no conflict between the positional arguments and
	

	the keywords.
	

	In (1)-(5) negative numbers are treated as offsets from the end
	

	of that dimension, as in normal Python indexing.
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TransientVariable.getTileIndex()[source]

	Get the tile index (for mosaics)
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TransientVariable.getTime()

	Get the first time dimension.


	Returns

	
	First Time dimension axis or None.
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TransientVariable.get_fill_value()

	The filling value of the masked array is a scalar. When setting, None
will set to a default based on the data type.

Examples

>>> for dt in [np.int32, np.int64, np.float64, np.complex128]:
...     np.ma.array([0, 1], dtype=dt).get_fill_value()
...
999999
999999
1e+20
(1e+20+0j)





>>> x = np.ma.array([0, 1.], fill_value=-np.inf)
>>> x.fill_value
-inf
>>> x.fill_value = np.pi
>>> x.fill_value
3.1415926535897931 # may vary





Reset to default:

>>> x.fill_value = None
>>> x.fill_value
1e+20
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TransientVariable.get_imag()

	The imaginary part of the masked array.

This property is a view on the imaginary part of this MaskedArray.


See also


	real
	





Examples

>>> x = np.ma.array([1+1.j, -2j, 3.45+1.6j], mask=[False, True, False])
>>> x.imag
masked_array(data=[1.0, --, 1.6],
             mask=[False,  True, False],
       fill_value=1e+20)
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TransientVariable.get_real()

	The real part of the masked array.

This property is a view on the real part of this MaskedArray.


See also


	imag
	





Examples

>>> x = np.ma.array([1+1.j, -2j, 3.45+1.6j], mask=[False, True, False])
>>> x.real
masked_array(data=[1.0, --, 3.45],
             mask=[False,  True, False],
       fill_value=1e+20)
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TransientVariable.getattribute(name)

	Get the attribute name.
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TransientVariable.getdimattribute(dim, field)

	Get the attribute named field from the dim’th dimension.
For bounds returns the old cu one-dimensional version.
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TransientVariable.harden_mask()

	Force the mask to hard.

Whether the mask of a masked array is hard or soft is determined by
its hardmask property. harden_mask sets hardmask to True.


See also


	hardmask
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TransientVariable.hasCellData()

	If any of the variable’s axis has explicit bounds, we have cell data
otherwise we have point data.


	Returns

	
	True or False if axis has cell data.
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TransientVariable.ids()

	Return the addresses of the data and mask areas.


	Parameters

	
	None
	







Examples

>>> x = np.ma.array([1, 2, 3], mask=[0, 1, 1])
>>> x.ids()
(166670640, 166659832) # may vary





If the array has no mask, the address of nomask is returned. This address
is typically not close to the data in memory:

>>> x = np.ma.array([1, 2, 3])
>>> x.ids()
(166691080, 3083169284) # may vary
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TransientVariable.isEncoded()[source]

	Transient variables are not encoded
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TransientVariable.listall(all=None)

	Get list of info about this slab.
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TransientVariable.listattributes()

	Return a list of attribute names.
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TransientVariable.listdimattributes(dim)

	List the legal axis field names.









            

          

      

      

    

  

  
    
    
    cdms2.tvariable:TransientVariable
    

    

    
 
  

    
      
          
            
  
cdms2.tvariable:TransientVariable


	
TransientVariable.listdimnames()

	Return a list of the names of the dimensions.
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TransientVariable.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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TransientVariable.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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TransientVariable.max(axis=None, out=None, fill_value=None, keepdims=<no value>)

	Return the maximum along a given axis.


	Parameters

	
	axis{None, int}, optional
	Axis along which to operate.  By default, axis is None and the
flattened input is used.



	outarray_like, optional
	Alternative output array in which to place the result.  Must
be of the same shape and buffer length as the expected output.



	fill_value{var}, optional
	Value used to fill in the masked values.
If None, use the output of maximum_fill_value().



	keepdimsbool, optional
	If this is set to True, the axes which are reduced are left
in the result as dimensions with size one. With this option,
the result will broadcast correctly against the array.







	Returns

	
	amaxarray_like
	New array holding the result.
If out was specified, out is returned.










See also


	maximum_fill_value
	Returns the maximum filling value for a given datatype.
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TransientVariable.mean(axis=None, dtype=None, out=None, keepdims=<no value>)

	Returns the average of the array elements along given axis.

Masked entries are ignored, and result elements which are not
finite will be masked.

Refer to numpy.mean for full documentation.


See also


	numpy.ndarray.mean
	corresponding function for ndarrays



	numpy.mean
	Equivalent function



	numpy.ma.average
	Weighted average.







Examples

>>> a = np.ma.array([1,2,3], mask=[False, False, True])
>>> a
masked_array(data=[1, 2, --],
             mask=[False, False,  True],
       fill_value=999999)
>>> a.mean()
1.5
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TransientVariable.min(axis=None, out=None, fill_value=None, keepdims=<no value>)

	Return the minimum along a given axis.


	Parameters

	
	axis{None, int}, optional
	Axis along which to operate.  By default, axis is None and the
flattened input is used.



	outarray_like, optional
	Alternative output array in which to place the result.  Must be of
the same shape and buffer length as the expected output.



	fill_value{var}, optional
	Value used to fill in the masked values.
If None, use the output of minimum_fill_value.



	keepdimsbool, optional
	If this is set to True, the axes which are reduced are left
in the result as dimensions with size one. With this option,
the result will broadcast correctly against the array.







	Returns

	
	aminarray_like
	New array holding the result.
If out was specified, out is returned.










See also


	minimum_fill_value
	Returns the minimum filling value for a given datatype.
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TransientVariable.mini(axis=None)

	Return the array minimum along the specified axis.


Deprecated since version 1.13.0: This function is identical to both:



	self.min(keepdims=True, axis=axis).squeeze(axis=axis)


	np.ma.minimum.reduce(self, axis=axis)







Typically though, self.min(axis=axis) is sufficient.




	Parameters

	
	axisint, optional
	The axis along which to find the minima. Default is None, in which case
the minimum value in the whole array is returned.







	Returns

	
	minscalar or MaskedArray
	If axis is None, the result is a scalar. Otherwise, if axis is
given and the array is at least 2-D, the result is a masked array with
dimension one smaller than the array on which mini is called.









Examples

>>> x = np.ma.array(np.arange(6), mask=[0 ,1, 0, 0, 0 ,1]).reshape(3, 2)
>>> x
masked_array(
  data=[[0, --],
        [2, 3],
        [4, --]],
  mask=[[False,  True],
        [False, False],
        [False,  True]],
  fill_value=999999)
>>> x.mini()
masked_array(data=0,
             mask=False,
       fill_value=999999)
>>> x.mini(axis=0)
masked_array(data=[0, 3],
             mask=[False, False],
       fill_value=999999)
>>> x.mini(axis=1)
masked_array(data=[0, 2, 4],
             mask=[False, False, False],
       fill_value=999999)





There is a small difference between mini and min:

>>> x[:,1].mini(axis=0)
masked_array(data=3,
             mask=False,
       fill_value=999999)
>>> x[:,1].min(axis=0)
3
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TransientVariable.nonzero()

	Return the indices of unmasked elements that are not zero.

Returns a tuple of arrays, one for each dimension, containing the
indices of the non-zero elements in that dimension. The corresponding
non-zero values can be obtained with:

a[a.nonzero()]





To group the indices by element, rather than dimension, use
instead:

np.transpose(a.nonzero())





The result of this is always a 2d array, with a row for each non-zero
element.


	Parameters

	
	None
	





	Returns

	
	tuple_of_arraystuple
	Indices of elements that are non-zero.










See also


	numpy.nonzero
	Function operating on ndarrays.



	flatnonzero
	Return indices that are non-zero in the flattened version of the input array.



	numpy.ndarray.nonzero
	Equivalent ndarray method.



	count_nonzero
	Counts the number of non-zero elements in the input array.







Examples

>>> import numpy.ma as ma
>>> x = ma.array(np.eye(3))
>>> x
masked_array(
  data=[[1., 0., 0.],
        [0., 1., 0.],
        [0., 0., 1.]],
  mask=False,
  fill_value=1e+20)
>>> x.nonzero()
(array([0, 1, 2]), array([0, 1, 2]))





Masked elements are ignored.

>>> x[1, 1] = ma.masked
>>> x
masked_array(
  data=[[1.0, 0.0, 0.0],
        [0.0, --, 0.0],
        [0.0, 0.0, 1.0]],
  mask=[[False, False, False],
        [False,  True, False],
        [False, False, False]],
  fill_value=1e+20)
>>> x.nonzero()
(array([0, 2]), array([0, 2]))





Indices can also be grouped by element.

>>> np.transpose(x.nonzero())
array([[0, 0],
       [2, 2]])





A common use for nonzero is to find the indices of an array, where
a condition is True.  Given an array a, the condition a > 3 is a
boolean array and since False is interpreted as 0, ma.nonzero(a > 3)
yields the indices of the a where the condition is true.

>>> a = ma.array([[1,2,3],[4,5,6],[7,8,9]])
>>> a > 3
masked_array(
  data=[[False, False, False],
        [ True,  True,  True],
        [ True,  True,  True]],
  mask=False,
  fill_value=True)
>>> ma.nonzero(a > 3)
(array([1, 1, 1, 2, 2, 2]), array([0, 1, 2, 0, 1, 2]))





The nonzero method of the condition array can also be called.

>>> (a > 3).nonzero()
(array([1, 1, 1, 2, 2, 2]), array([0, 1, 2, 0, 1, 2]))
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TransientVariable.pressureRegrid(newLevel, missing=None, order=None, method='log')

	Return the variable regridded to new pressure levels.
The variable should be a function of lat, lon, pressure, and (optionally) time.


	Parameters

	
	newLevelis an axis of the result pressure levels.
	

	methodis optional, either log to interpolate in the log of pressure (default),
	or linear for linear interpolation.



	missing and orderare as for regrid.PressureRegridder.
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TransientVariable.prod(axis=None, dtype=None, out=None, keepdims=<no value>)

	Return the product of the array elements over the given axis.

Masked elements are set to 1 internally for computation.

Refer to numpy.prod for full documentation.


See also


	numpy.ndarray.prod
	corresponding function for ndarrays



	numpy.prod
	equivalent function







Notes

Arithmetic is modular when using integer types, and no error is raised
on overflow.
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TransientVariable.product(axis=None, dtype=None, out=None, keepdims=<no value>)

	Return the product of the array elements over the given axis.

Masked elements are set to 1 internally for computation.

Refer to numpy.prod for full documentation.


See also


	numpy.ndarray.prod
	corresponding function for ndarrays



	numpy.prod
	equivalent function







Notes

Arithmetic is modular when using integer types, and no error is raised
on overflow.
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TransientVariable.ptp(axis=None, out=None, fill_value=None, keepdims=False)

	Return (maximum - minimum) along the given dimension
(i.e. peak-to-peak value).


Warning

ptp preserves the data type of the array. This means the
return value for an input of signed integers with n bits
(e.g. np.int8, np.int16, etc) is also a signed integer
with n bits.  In that case, peak-to-peak values greater than
2**(n-1)-1 will be returned as negative values. An example
with a work-around is shown below.




	Parameters

	
	axis{None, int}, optional
	Axis along which to find the peaks.  If None (default) the
flattened array is used.



	out{None, array_like}, optional
	Alternative output array in which to place the result. It must
have the same shape and buffer length as the expected output
but the type will be cast if necessary.



	fill_value{var}, optional
	Value used to fill in the masked values.



	keepdimsbool, optional
	If this is set to True, the axes which are reduced are left
in the result as dimensions with size one. With this option,
the result will broadcast correctly against the array.







	Returns

	
	ptpndarray.
	A new array holding the result, unless out was
specified, in which case a reference to out is returned.









Examples

>>> x = np.ma.MaskedArray([[4, 9, 2, 10],
...                        [6, 9, 7, 12]])





>>> x.ptp(axis=1)
masked_array(data=[8, 6],
             mask=False,
       fill_value=999999)





>>> x.ptp(axis=0)
masked_array(data=[2, 0, 5, 2],
             mask=False,
       fill_value=999999)





>>> x.ptp()
10





This example shows that a negative value can be returned when
the input is an array of signed integers.

>>> y = np.ma.MaskedArray([[1, 127],
...                        [0, 127],
...                        [-1, 127],
...                        [-2, 127]], dtype=np.int8)
>>> y.ptp(axis=1)
masked_array(data=[ 126,  127, -128, -127],
             mask=False,
       fill_value=999999,
            dtype=int8)





A work-around is to use the view() method to view the result as
unsigned integers with the same bit width:

>>> y.ptp(axis=1).view(np.uint8)
masked_array(data=[126, 127, 128, 129],
             mask=False,
       fill_value=999999,
            dtype=uint8)
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TransientVariable.put(indices, values, mode='raise')

	Set storage-indexed locations to corresponding values.

Sets self._data.flat[n] = values[n] for each n in indices.
If values is shorter than indices then it will repeat.
If values has some masked values, the initial mask is updated
in consequence, else the corresponding values are unmasked.


	Parameters

	
	indices1-D array_like
	Target indices, interpreted as integers.



	valuesarray_like
	Values to place in self._data copy at target indices.



	mode{‘raise’, ‘wrap’, ‘clip’}, optional
	Specifies how out-of-bounds indices will behave.
‘raise’ : raise an error.
‘wrap’ : wrap around.
‘clip’ : clip to the range.









Notes

values can be a scalar or length 1 array.

Examples

>>> x = np.ma.array([[1,2,3],[4,5,6],[7,8,9]], mask=[0] + [1,0]*4)
>>> x
masked_array(
  data=[[1, --, 3],
        [--, 5, --],
        [7, --, 9]],
  mask=[[False,  True, False],
        [ True, False,  True],
        [False,  True, False]],
  fill_value=999999)
>>> x.put([0,4,8],[10,20,30])
>>> x
masked_array(
  data=[[10, --, 3],
        [--, 20, --],
        [7, --, 30]],
  mask=[[False,  True, False],
        [ True, False,  True],
        [False,  True, False]],
  fill_value=999999)





>>> x.put(4,999)
>>> x
masked_array(
  data=[[10, --, 3],
        [--, 999, --],
        [7, --, 30]],
  mask=[[False,  True, False],
        [ True, False,  True],
        [False,  True, False]],
  fill_value=999999)
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TransientVariable.ravel(order='C')

	Returns a 1D version of self, as a view.


	Parameters

	
	order{‘C’, ‘F’, ‘A’, ‘K’}, optional
	The elements of a are read using this index order. ‘C’ means to
index the elements in C-like order, with the last axis index
changing fastest, back to the first axis index changing slowest.
‘F’ means to index the elements in Fortran-like index order, with
the first index changing fastest, and the last index changing
slowest. Note that the ‘C’ and ‘F’ options take no account of the
memory layout of the underlying array, and only refer to the order
of axis indexing.  ‘A’ means to read the elements in Fortran-like
index order if m is Fortran contiguous in memory, C-like order
otherwise.  ‘K’ means to read the elements in the order they occur
in memory, except for reversing the data when strides are negative.
By default, ‘C’ index order is used.







	Returns

	
	MaskedArray
	Output view is of shape (self.size,) (or
(np.ma.product(self.shape),)).









Examples

>>> x = np.ma.array([[1,2,3],[4,5,6],[7,8,9]], mask=[0] + [1,0]*4)
>>> x
masked_array(
  data=[[1, --, 3],
        [--, 5, --],
        [7, --, 9]],
  mask=[[False,  True, False],
        [ True, False,  True],
        [False,  True, False]],
  fill_value=999999)
>>> x.ravel()
masked_array(data=[1, --, 3, --, 5, --, 7, --, 9],
             mask=[False,  True, False,  True, False,  True, False,  True,
                   False],
       fill_value=999999)
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TransientVariable.regrid(togrid, missing=None, order=None, mask=None, **keywords)

	return self regridded to the new grid.
One can use the regrid2.Regridder optional arguments as well.

Example

>>> new_cdmsVar = cdmsVar.regrid(newGrid)  # uses libcf
>>> new_cdmsVar = cdmsVar.regrid(newGrid, regridMethod = 'conserve', coordSys = 'cart')






	Parameters

	
	togridtogrid destination grid. CDMS grid
	

	missingOptional missing missing values
	

	orderOptional order axis order
	

	maskOptional mask grid/data mask
	

	**keyords
	

	keywords optional keyword arguments dependent on regridTool
	





	Returns

	
	regridded variable
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TransientVariable.reorder(order)

	Reorder per the specification order.


	Parameters

	
	orderstring can be “tzyx” with all possible axes permutation.
	





	Returns

	
	New reordered variable.
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TransientVariable.repeat(repeats, axis=None)

	Repeat elements of an array.

Refer to numpy.repeat for full documentation.


See also


	numpy.repeat
	equivalent function
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TransientVariable.reshape(*s, **kwargs)

	Give a new shape to the array without changing its data.

Returns a masked array containing the same data, but with a new shape.
The result is a view on the original array; if this is not possible, a
ValueError is raised.


	Parameters

	
	shapeint or tuple of ints
	The new shape should be compatible with the original shape. If an
integer is supplied, then the result will be a 1-D array of that
length.



	order{‘C’, ‘F’}, optional
	Determines whether the array data should be viewed as in C
(row-major) or FORTRAN (column-major) order.







	Returns

	
	reshaped_arrayarray
	A new view on the array.










See also


	reshape
	Equivalent function in the masked array module.



	numpy.ndarray.reshape
	Equivalent method on ndarray object.



	numpy.reshape
	Equivalent function in the NumPy module.







Notes

The reshaping operation cannot guarantee that a copy will not be made,
to modify the shape in place, use a.shape = s

Examples

>>> x = np.ma.array([[1,2],[3,4]], mask=[1,0,0,1])
>>> x
masked_array(
  data=[[--, 2],
        [3, --]],
  mask=[[ True, False],
        [False,  True]],
  fill_value=999999)
>>> x = x.reshape((4,1))
>>> x
masked_array(
  data=[[--],
        [2],
        [3],
        [--]],
  mask=[[ True],
        [False],
        [False],
        [ True]],
  fill_value=999999)
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TransientVariable.resize(newshape, refcheck=True, order=False)

	
Warning

This method does nothing, except raise a ValueError exception. A
masked array does not own its data and therefore cannot safely be
resized in place. Use the numpy.ma.resize function instead.



This method is difficult to implement safely and may be deprecated in
future releases of NumPy.
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TransientVariable.round(decimals=0, out=None)

	Return each element rounded to the given number of decimals.

Refer to numpy.around for full documentation.


See also


	numpy.ndarray.around
	corresponding function for ndarrays



	numpy.around
	equivalent function
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TransientVariable.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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TransientVariable.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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TransientVariable.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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TransientVariable.select(*args, **kwargs)

	Selection of a subregion using selectors.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid
	

	orderif given, result is permuted into this order
	





	Returns

	
	Subregion selected
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TransientVariable.setAxis(n, axis, savegrid=0)[source]

	Set n axis of self to a copy of axis. (0-based index)
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TransientVariable.setAxisList(axislist)[source]

	Set the axes to axislist.
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TransientVariable.setMPIComm(comm)[source]

	Set the MPI communicator. This is a no-op if MPI
is not available.
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TransientVariable.setMaskFromGridMask(mask, gridindices)[source]

	Set the mask for self, given a grid mask and the variable domain
indices corresponding to the grid dimensions.
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TransientVariable.setMissing(value)[source]

	Set missing value attribute and fill value
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TransientVariable.setTileIndex(index)[source]

	Set the tile index (for mosaics)
index: tile index
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TransientVariable.set_fill_value(value)[source]

	Set missing value attribute and fill value
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TransientVariable.setattribute(name, value)

	Set the attribute name to value.
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TransientVariable.setdimattribute(dim, field, value)[source]

	Set the attribute named field from the dim’th dimension.
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TransientVariable.showdim()

	Show the dimension attributes and values.
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TransientVariable.shrink_mask()

	Reduce a mask to nomask when possible.


	Parameters

	
	None
	





	Returns

	
	None
	







Examples

>>> x = np.ma.array([[1,2 ], [3, 4]], mask=[0]*4)
>>> x.mask
array([[False, False],
       [False, False]])
>>> x.shrink_mask()
masked_array(
  data=[[1, 2],
        [3, 4]],
  mask=False,
  fill_value=999999)
>>> x.mask
False
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TransientVariable.soften_mask()

	Force the mask to soft.

Whether the mask of a masked array is hard or soft is determined by
its hardmask property. soften_mask sets hardmask to False.


See also


	hardmask
	













            

          

      

      

    

  

  
    
    
    cdms2.tvariable:TransientVariable
    

    

    
 
  

    
      
          
            
  
cdms2.tvariable:TransientVariable


	
TransientVariable.sort(axis=- 1, kind=None, order=None, endwith=True, fill_value=None)

	Sort the array, in-place


	Parameters

	
	aarray_like
	Array to be sorted.



	axisint, optional
	Axis along which to sort. If None, the array is flattened before
sorting. The default is -1, which sorts along the last axis.



	kind{‘quicksort’, ‘mergesort’, ‘heapsort’, ‘stable’}, optional
	The sorting algorithm used.



	orderlist, optional
	When a is a structured array, this argument specifies which fields
to compare first, second, and so on.  This list does not need to
include all of the fields.



	endwith{True, False}, optional
	Whether missing values (if any) should be treated as the largest values
(True) or the smallest values (False)
When the array contains unmasked values sorting at the same extremes of the
datatype, the ordering of these values and the masked values is
undefined.



	fill_value{var}, optional
	Value used internally for the masked values.
If fill_value is not None, it supersedes endwith.







	Returns

	
	sorted_arrayndarray
	Array of the same type and shape as a.










See also


	numpy.ndarray.sort
	Method to sort an array in-place.



	argsort
	Indirect sort.



	lexsort
	Indirect stable sort on multiple keys.



	searchsorted
	Find elements in a sorted array.







Notes

See sort for notes on the different sorting algorithms.

Examples

>>> a = np.ma.array([1, 2, 5, 4, 3],mask=[0, 1, 0, 1, 0])
>>> # Default
>>> a.sort()
>>> a
masked_array(data=[1, 3, 5, --, --],
             mask=[False, False, False,  True,  True],
       fill_value=999999)





>>> a = np.ma.array([1, 2, 5, 4, 3],mask=[0, 1, 0, 1, 0])
>>> # Put missing values in the front
>>> a.sort(endwith=False)
>>> a
masked_array(data=[--, --, 1, 3, 5],
             mask=[ True,  True, False, False, False],
       fill_value=999999)





>>> a = np.ma.array([1, 2, 5, 4, 3],mask=[0, 1, 0, 1, 0])
>>> # fill_value takes over endwith
>>> a.sort(endwith=False, fill_value=3)
>>> a
masked_array(data=[1, --, --, 3, 5],
             mask=[False,  True,  True, False, False],
       fill_value=999999)
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TransientVariable.specs2slices(speclist, force=None)

	Create an equivalent list of slices from an index specification.
An index specification is a list of acceptable items, which are



	an integer


	a slice instance (slice(start, stop, stride))


	the object “unspecified”


	the object None


	a colon







The size of the speclist must be self.rank()
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TransientVariable.std(axis=None, dtype=None, out=None, ddof=0, keepdims=<no value>)

	Returns the standard deviation of the array elements along given axis.

Masked entries are ignored.

Refer to numpy.std for full documentation.


See also


	numpy.ndarray.std
	corresponding function for ndarrays



	numpy.std
	Equivalent function
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TransientVariable.sum(axis=None, dtype=None, out=None, keepdims=<no value>)

	Return the sum of the array elements over the given axis.

Masked elements are set to 0 internally.

Refer to numpy.sum for full documentation.


See also


	numpy.ndarray.sum
	corresponding function for ndarrays



	numpy.sum
	equivalent function







Examples

>>> x = np.ma.array([[1,2,3],[4,5,6],[7,8,9]], mask=[0] + [1,0]*4)
>>> x
masked_array(
  data=[[1, --, 3],
        [--, 5, --],
        [7, --, 9]],
  mask=[[False,  True, False],
        [ True, False,  True],
        [False,  True, False]],
  fill_value=999999)
>>> x.sum()
25
>>> x.sum(axis=1)
masked_array(data=[4, 5, 16],
             mask=[False, False, False],
       fill_value=999999)
>>> x.sum(axis=0)
masked_array(data=[8, 5, 12],
             mask=[False, False, False],
       fill_value=999999)
>>> print(type(x.sum(axis=0, dtype=np.int64)[0]))
<class 'numpy.int64'>
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TransientVariable.swapaxes(axis1, axis2)

	Return a view of the array with axis1 and axis2 interchanged.

Refer to numpy.swapaxes for full documentation.


See also


	numpy.swapaxes
	equivalent function
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TransientVariable.take(indices, axis=None, out=None, mode='raise')
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TransientVariable.toVisit(filename, format='Vs', sphereRadius=1.0, maxElev=0.1)[source]

	Save data to file for postprocessing by the VisIt visualization tool
filename: name of the file where the data will be saved
format: ‘Vs’ for VizSchema, ‘VTK’ for VTK, …
sphereRadius: radius of the earth
maxElev: maximum elevation for representation on the sphere
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TransientVariable.tobytes(fill_value=None, order='C')

	Return the array data as a string containing the raw bytes in the array.

The array is filled with a fill value before the string conversion.


New in version 1.9.0.




	Parameters

	
	fill_valuescalar, optional
	Value used to fill in the masked values. Default is None, in which
case MaskedArray.fill_value is used.



	order{‘C’,’F’,’A’}, optional
	Order of the data item in the copy. Default is ‘C’.


	‘C’   – C order (row major).


	‘F’   – Fortran order (column major).


	‘A’   – Any, current order of array.


	None  – Same as ‘A’.













See also


	numpy.ndarray.tobytes
	

	tolist, tofile
	





Notes

As for ndarray.tobytes, information about the shape, dtype, etc.,
but also about fill_value, will be lost.

Examples

>>> x = np.ma.array(np.array([[1, 2], [3, 4]]), mask=[[0, 1], [1, 0]])
>>> x.tobytes()
b'\x01\x00\x00\x00\x00\x00\x00\x00?B\x0f\x00\x00\x00\x00\x00?B\x0f\x00\x00\x00\x00\x00\x04\x00\x00\x00\x00\x00\x00\x00'
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TransientVariable.tofile(fid, sep='', format='%s')

	Save a masked array to a file in binary format.


Warning

This function is not implemented yet.




	Raises

	
	NotImplementedError
	When tofile is called.
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TransientVariable.toflex()

	Transforms a masked array into a flexible-type array.

The flexible type array that is returned will have two fields:


	the _data field stores the _data part of the array.


	the _mask field stores the _mask part of the array.





	Parameters

	
	None
	





	Returns

	
	recordndarray
	A new flexible-type ndarray with two fields: the first element
containing a value, the second element containing the corresponding
mask boolean. The returned record shape matches self.shape.









Notes

A side-effect of transforming a masked array into a flexible ndarray is
that meta information (fill_value, …) will be lost.

Examples

>>> x = np.ma.array([[1,2,3],[4,5,6],[7,8,9]], mask=[0] + [1,0]*4)
>>> x
masked_array(
  data=[[1, --, 3],
        [--, 5, --],
        [7, --, 9]],
  mask=[[False,  True, False],
        [ True, False,  True],
        [False,  True, False]],
  fill_value=999999)
>>> x.toflex()
array([[(1, False), (2,  True), (3, False)],
       [(4,  True), (5, False), (6,  True)],
       [(7, False), (8,  True), (9, False)]],
      dtype=[('_data', '<i8'), ('_mask', '?')])
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TransientVariable.tolist(fill_value=None)

	Return the data portion of the masked array as a hierarchical Python list.

Data items are converted to the nearest compatible Python type.
Masked values are converted to fill_value. If fill_value is None,
the corresponding entries in the output list will be None.


	Parameters

	
	fill_valuescalar, optional
	The value to use for invalid entries. Default is None.







	Returns

	
	resultlist
	The Python list representation of the masked array.









Examples

>>> x = np.ma.array([[1,2,3], [4,5,6], [7,8,9]], mask=[0] + [1,0]*4)
>>> x.tolist()
[[1, None, 3], [None, 5, None], [7, None, 9]]
>>> x.tolist(-999)
[[1, -999, 3], [-999, 5, -999], [7, -999, 9]]













            

          

      

      

    

  

  
    
    
    cdms2.tvariable:TransientVariable
    

    

    
 
  

    
      
          
            
  
cdms2.tvariable:TransientVariable


	
TransientVariable.torecords()

	Transforms a masked array into a flexible-type array.

The flexible type array that is returned will have two fields:


	the _data field stores the _data part of the array.


	the _mask field stores the _mask part of the array.





	Parameters

	
	None
	





	Returns

	
	recordndarray
	A new flexible-type ndarray with two fields: the first element
containing a value, the second element containing the corresponding
mask boolean. The returned record shape matches self.shape.









Notes

A side-effect of transforming a masked array into a flexible ndarray is
that meta information (fill_value, …) will be lost.

Examples

>>> x = np.ma.array([[1,2,3],[4,5,6],[7,8,9]], mask=[0] + [1,0]*4)
>>> x
masked_array(
  data=[[1, --, 3],
        [--, 5, --],
        [7, --, 9]],
  mask=[[False,  True, False],
        [ True, False,  True],
        [False,  True, False]],
  fill_value=999999)
>>> x.toflex()
array([[(1, False), (2,  True), (3, False)],
       [(4,  True), (5, False), (6,  True)],
       [(7, False), (8,  True), (9, False)]],
      dtype=[('_data', '<i8'), ('_mask', '?')])
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TransientVariable.tostring(fill_value=None, order='C')

	A compatibility alias for tobytes, with exactly the same behavior.

Despite its name, it returns bytes not strs.


Deprecated since version 1.19.0.
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TransientVariable.trace(offset=0, axis1=0, axis2=1, dtype=None, out=None)

	Return the sum along diagonals of the array.

Refer to numpy.trace for full documentation.


See also


	numpy.trace
	equivalent function
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TransientVariable.transpose(*axes)

	Returns a view of the array with axes transposed.

For a 1-D array this has no effect, as a transposed vector is simply the
same vector. To convert a 1-D array into a 2D column vector, an additional
dimension must be added. np.atleast2d(a).T achieves this, as does
a[:, np.newaxis].
For a 2-D array, this is a standard matrix transpose.
For an n-D array, if axes are given, their order indicates how the
axes are permuted (see Examples). If axes are not provided and
a.shape = (i[0], i[1], ... i[n-2], i[n-1]), then
a.transpose().shape = (i[n-1], i[n-2], ... i[1], i[0]).


	Parameters

	
	axesNone, tuple of ints, or n ints
	
	None or no argument: reverses the order of the axes.


	tuple of ints: i in the j-th place in the tuple means a’s
i-th axis becomes a.transpose()’s j-th axis.


	n ints: same as an n-tuple of the same ints (this form is
intended simply as a “convenience” alternative to the tuple form)










	Returns

	
	outndarray
	View of a, with axes suitably permuted.










See also


	ndarray.T
	Array property returning the array transposed.



	ndarray.reshape
	Give a new shape to an array without changing its data.







Examples

>>> a = np.array([[1, 2], [3, 4]])
>>> a
array([[1, 2],
       [3, 4]])
>>> a.transpose()
array([[1, 3],
       [2, 4]])
>>> a.transpose((1, 0))
array([[1, 3],
       [2, 4]])
>>> a.transpose(1, 0)
array([[1, 3],
       [2, 4]])
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TransientVariable.unshare_mask()

	Copy the mask and set the sharedmask flag to False.

Whether the mask is shared between masked arrays can be seen from
the sharedmask property. unshare_mask ensures the mask is not shared.
A copy of the mask is only made if it was shared.


See also


	sharedmask
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TransientVariable.view(dtype=None, type=None, fill_value=None)

	Return a view of the MaskedArray data.


	Parameters

	
	dtypedata-type or ndarray sub-class, optional
	Data-type descriptor of the returned view, e.g., float32 or int16.
The default, None, results in the view having the same data-type
as a. As with ndarray.view, dtype can also be specified as
an ndarray sub-class, which then specifies the type of the
returned object (this is equivalent to setting the type
parameter).



	typePython type, optional
	Type of the returned view, either ndarray or a subclass.  The
default None results in type preservation.



	fill_valuescalar, optional
	The value to use for invalid entries (None by default).
If None, then this argument is inferred from the passed dtype, or
in its absence the original array, as discussed in the notes below.










See also


	numpy.ndarray.view
	Equivalent method on ndarray object.







Notes

a.view() is used two different ways:

a.view(some_dtype) or a.view(dtype=some_dtype) constructs a view
of the array’s memory with a different data-type.  This can cause a
reinterpretation of the bytes of memory.

a.view(ndarray_subclass) or a.view(type=ndarray_subclass) just
returns an instance of ndarray_subclass that looks at the same array
(same shape, dtype, etc.)  This does not cause a reinterpretation of the
memory.

If fill_value is not specified, but dtype is specified (and is not
an ndarray sub-class), the fill_value of the MaskedArray will be
reset. If neither fill_value nor dtype are specified (or if
dtype is an ndarray sub-class), then the fill value is preserved.
Finally, if fill_value is specified, but dtype is not, the fill
value is set to the specified value.

For a.view(some_dtype), if some_dtype has a different number of
bytes per entry than the previous dtype (for example, converting a
regular array to a structured array), then the behavior of the view
cannot be predicted just from the superficial appearance of a (shown
by print(a)). It also depends on exactly how a is stored in
memory. Therefore if a is C-ordered versus fortran-ordered, versus
defined as a slice or transpose, etc., the view may give different
results.
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asVariable(s, writeable=1)[source]

	As Variable


	Returns

	
	s if s is a Variable; if writeable is 1,
	

	return s if s is a TransientVariable.
	

	If s is not a variable of
	

	the desired type, attempt to make it so and return that.
	

	If we fail raise CDMSError
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createAxis(data, bounds=None, id=None, copy=0, genericBounds=False)[source]

	Creates an axis.

To enabled automatic bounds generation see setAutoBounds.


	Parameters

	
	data(list/numpy.ndarray)
	Values for axis.



	boundsnumpy.ndarray
	2D array containing boundaries for data.



	idstr
	Axis identifier.



	copyint
	0: Stores reference of data.
1: Stores copy of data.



	genericBoundsbool
	True will create generic bounds if bounds is None.







	Returns

	
	cdms2.TransientAxis
	Returns a TransientAxis containing data.
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createRectGrid(lat, lon, order='yx', type='generic', mask=None)[source]

	Not documented
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createVariable(*args, **kargs)[source]

	Creates variable in-memory.

To enabled automatic bounds generation see setAutoBounds.


	Parameters

	
	datanumpy.ndarray
	NDArray containing variable data.



	typecode(float, int, np.dtype)
	Sets the dtype of the underlying masked array.



	copyint
	0: Stores reference of data.
1: Stores copy of data.



	savespaceint
	Deprecated.



	masknumpy.ndarray
	Mask passed to the underlying masked array.



	fill_valuefloat
	Sets the value to use when data is missing.



	grid
	Sets the grid of the variable.



	axeslist of (cdms2.TransientAxis, cdms2.FileAxis)
	Sets the list of axes associated with the variable.



	attributesdict
	Mapping of attribute names and values.



	idstr
	Identifier for the variable.



	copyaxesint
	0: Stores reference to axes.
1: Stores copies of axes.



	dtype(float, int, np.dtype)
	Sets the dtype of the underlying masked array.



	orderstr
	Sets the order for the underlying masked array (`Masked Array`_).



	no_update_frombool
	If False and axes is None, then axes will be generated from data.
If False and grid is None, then an attempt to get a grid from the data will be made.
Set to True will prevent the above behavior.



	*args
	Url to JSON file if fromJSON is in kwargs.



	**kargs
	
	
	fromJSONbool
	Load variable from JSON.











	.. _Masked Array:
	https://numpy.org/doc/stable/reference/generated/numpy.ma.array.html









Examples

>>> v1 = createVariable(np.random.random(size=(200,200)), typecode=float, fill_value=123)





>>> v2 = createVariable('data.json', fromJSON=True)
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fromJSON(jsn)[source]

	Recreate a TV from a dumped jsn object from dumps()
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isVariable(s)[source]

	Is s a variable?
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sctype2char(sctype)

	Return the string representation of a scalar dtype.


	Parameters

	
	sctypescalar dtype or object
	If a scalar dtype, the corresponding string character is
returned. If an object, sctype2char tries to infer its scalar type
and then return the corresponding string character.







	Returns

	
	typecharstr
	The string character corresponding to the scalar type.







	Raises

	
	ValueError
	If sctype is an object for which the type can not be inferred.










See also


	obj2sctype, issctype, issubsctype, mintypecode
	





Examples

>>> for sctype in [np.int32, np.double, np.complex_, np.string_, np.ndarray]:
...     print(np.sctype2char(sctype))
l # may vary
d
D
S
O





>>> x = np.array([1., 2-1.j])
>>> np.sctype2char(x)
'D'
>>> np.sctype2char(list)
'O'
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DatasetVariable.__call__(*args, **kwargs)

	Selection of a subregion using selectors.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid
	

	orderif given, result is permuted into this order
	





	Returns

	
	Subregion selected
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DatasetVariable.__iadd__(other)

	Add other to self in place.
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DatasetVariable.__idiv__(other)

	Divide self by other in place.
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DatasetVariable.__imul__(other)

	Multiply self by other in place.
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DatasetVariable.__init__(parent, id, variableNode=None)[source]
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DatasetVariable.__isub__(other)

	Subtract other from self in place.
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DatasetVariable.__len__()[source]

	Length of first dimension
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DatasetVariable._decodedType()

	The datatype after decoding.









            

          

      

      

    

  

  
    
    
    cdms2.variable:DatasetVariable
    

    

    
 
  

    
      
          
            
  
cdms2.variable:DatasetVariable


	
DatasetVariable._process_specs(specs, keys)

	Process the arguments for a getSlice, getRegion, etc.
time, level, latitude, longitude keywords handled here


	Returns

	
	An array of specifications for all dimensions.
	

	Any Ellipsis has been eliminated.
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DatasetVariable._single_specs(specs)

	Return a list of dimension indices where the spec is an index.
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DatasetVariable.astype(tc)

	return self as array of given type.
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DatasetVariable.createattribute(name, value)

	Create an attribute and set its name to value.
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DatasetVariable.crossSectionRegrid(newLevel, newLatitude, missing=None, order=None, method='log')

	Return the variable regridded to new pressure levels and latitudes.
The variable should be a function of lat, level, and (optionally) time.


	Parameters

	
	newLevelis an axis of the result pressure levels.
	

	newLatitudeis an axis of latitude values.
	

	methodOptional either “log” to interpolate in the log of pressure (default),
	or “linear” for linear interpolation.



	missing and orderare as for regrid.CrossSectionRegridder.
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DatasetVariable.decode(ar)

	Decode compressed data.


	Parameters

	
	aris a masked array, scalar, or numpy.ma.masked.
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DatasetVariable.deleteattribute(name)

	Delete the named attribute.
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DatasetVariable.expertPaths(slist)[source]

	Expert Paths


	Parameters

	
	expertPaths(self, slicelist) takes a list of slices
	





	Returns

	
	a 3-tuple (npart, dimensionlist, partitionSlices)
	

	Where
	

	npartis the number of partitioned dimensions: 0, 1, or 2;
	

	dimensionlistis a tuple of length npart, having the dimension numbers of the partitioned dimensions;
	

	partitionSlicesis the list of file-specific (filename, slice) corresponding
	

	to the paths and slices within the files to be read.
	

	The exact form of partitionSlices depends on the value of npart
	

	npartpartitionSlices
	

	0(filename,slicelist)
	

	1[(filename,slicelist),…,(filename,slicelist)]
	

	2[[(filename,slicelist),…,(filename,slicelist)]
	[(filename,slicelist),…,(filename,slicelist)]
[(filename,slicelist),…,(filename,slicelist)]]









Notes


	A filename of None indicates that no file was found with data corresponding to the slicelist.


	If partitionSlices is None, the slicelist does not intersect the domain.


	An empty partitionSlices [] means that the variable is zero-dimensional.
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DatasetVariable.genMatch(axis, interval, matchnames)[source]

	Helper function for expertPaths.


	Parameters

	
	axisis a partitioned axis, either time or vertical level or forecast.
	

	intervalis an index interval (istart, iend).
	

	matchnamesis a partially filled list [id, timestart, timeend, levstart, levend, fc] If a filemap
	is used, matchnames has indices, otherwise has coordinates.



	Functionmodifies matchnames based on axis and interval, returns the modified matchnames tuple.
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DatasetVariable.generateGridkey(convention, vardict)

	Determine if the variable is gridded.


	Parameters

	
	conventionMetadata convention class
	

	vardictVariable metedata
	





	Returns

	
	((latname, lonname, order, maskname, class), lat, lon) if gridded
	

	(None, None, None) if not gridded
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DatasetVariable.generateRectGridkey(lat, lon)

	Determine if the variable is gridded, rectilinear.


	Parameters

	
	latlatitude axis
	

	lonlongitude axis
	





	Returns

	
	(latname, lonname, order, maskname, class) if gridded, None if not gridded.
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DatasetVariable.getAxisIds()

	Get a list of axis identifiers.


	Returns

	
	array list of axis ids
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DatasetVariable.getAxisIndex(axis_spec)

	Get the index of the axis specificed by axis_spec.


	Parameters

	
	axis_spec :
	





	Returns

	
	the axis index or -1 if no match is found.
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DatasetVariable.getAxisList(axes=None, omit=None, order=None)

	Get the list of axis objects

Notes

If axes is not None, include only certain axes.
If omit is not None, omit those specified by omit.

Arguments omit or axes  may be as specified in axisMatchAxis

order is an optional string determining the output order
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DatasetVariable.getAxisListIndex(axes=None, omit=None, order=None)

	Get Axis List Index


	Returns

	
	a list of indices of axis objects
	







Notes

If axes is not None, include only certain axes.
less the ones specified in omit.

If axes is None, use all axes of this variable.

Other specificiations are as for axisMatchIndex.
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DatasetVariable.getConvention()

	Get the metadata convention associated with this object.
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DatasetVariable.getFilePath(matchnames, template)[source]

	Lookup or generate the file path, depending on whether a filemap
or template is present.
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DatasetVariable.getForecastTime()

	Get the first forecast time dimension.


	Returns

	
	First forecast time dimension axis or None.
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DatasetVariable.getGridIndices()

	Get Grid Indices


	Returns

	
	a tuple of indices corresponding to the variable grid.
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DatasetVariable.getLatitude()

	Get the first latitude dimension.


	Returns

	
	First latitude dimension axis or None.
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DatasetVariable.getLevel()

	Get the first vertical level dimension in the domain.


	Returns

	
	First vertical level dimension axis or None.
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DatasetVariable.getLongitude()

	Get the first longitude dimension.


	Returns

	
	First longitude dimension axis or None.
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DatasetVariable.getMissing(asarray=0)

	Get Missing


	Parameters

	
	asarray‘0’
	

	‘1’numpy array
	





	Returns

	
	the missing value as a scalar, or as a numpy array if asarray==1
	















            

          

      

      

    

  

  
    
    
    cdms2.variable:DatasetVariable
    

    

    
 
  

    
      
          
            
  
cdms2.variable:DatasetVariable


	
DatasetVariable.getOrder(ids=0)

	Get Order


	Parameters

	
	id0 or 1
	





	Returns

	
	the order string, such as t, z, y, x (time, level, lat, lon).
	

	Notes
	




	
	if ids == 0 (the default) for an axis that is not t,z,x,y
	the order string will contain a (-) character in that location.
The result string will be of the same length as the number
of axes. This makes it easy to loop over the dimensions.







	
	if ids == 1 those axes will be represented in the order
	string as (id) where id is that axis’ id. The result will
be suitable for passing to order2index to get the
corresponding axes, and to orderparse for dividing up into
components.
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DatasetVariable.getPartition(axis)[source]

	Get the partition attribute for this variable, axis.


	Parameters

	
	axisis either a time or level axis. If cdms_filemap is being used, get the
	partition from the _varpart_ attribute, otherwise (for templating) use
axis.partition.
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DatasetVariable.getRegion(*specs, **keys)

	Read a region of data. A region is an n-dimensional rectangular region specified in coordinate space.


	Parameters

	
	sliceis an argument list, each item of which has one of the following forms:
	
	
	x, where x is a scalar
	
	Map the scalar to the index of the closest coordinate value.










	
	(x, y)
	
	Map the half-open coordinate interval [x,y) to index interval.










	
	(x, y, ‘cc’)
	
	Map the closed interval [x,y] to index interval. Other options
are ‘oo’ (open), ‘oc’ (open on the left), and ‘co’
(open on the right, the default).










	
	(x, y, ‘co’, cycle)
	
	Map the coordinate interval with wraparound. If no cycle is
specified, wraparound will occur iff axis.isCircular() is true.














	EllipsisRepresents the full range of all dimensions bracketed by non-Ellipsis items.
	

	None, colonRepresents the full range of one dimension.
	

	Notes
	

	Only one dimension may be wrapped.
	

	Example
	

	Suppose the variable domain is `(time, level, lat, lon)`. Then
	>>> getRegion((10, 20), 850, Ellipsis,(-180, 180))






	retrieves :
	
	all times t such that 10.<=t<20.


	level 850.


	all values of all dimensions between level and lon (namely, lat).


	longitudes x such that -180<=x<180. This will be wrapped unless lon.topology==’linear’.
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DatasetVariable.getSlice(*specs, **keys)

	getSlice takes arguments of the following forms and produces
a return array.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid.
	

	orderif given, result is permuted into this order
	

	numericSqueezeif index slice is given, eliminate that dimension.
	

	isitemif given, result is return as a scaler for 0-D data
	

	Notes
	

	There can be zero or more positional arguments, each of the form:
	

	#. a single integer n, meaning slice(n, n+1)
	

	#. an instance of the slice class
	

	#. a tuple, which will be used as arguments to create a slice
	

	#. `None` or `:`, which means a slice covering that entire dimension
	

	#. Ellipsis (…), which means to fill the slice list with `:`
	leaving only enough room at the end for the remaining positional arguments



	There can be keyword arguments of the form key = value, where
	

	key can be one of the names `time`, `level`, `latitude`, or
	

	`longitude`. The corresponding value can be any of (1)-(5) above.
	

	There must be no conflict between the positional arguments and
	

	the keywords.
	

	In (1)-(5) negative numbers are treated as offsets from the end
	

	of that dimension, as in normal Python indexing.
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DatasetVariable.getTime()

	Get the first time dimension.


	Returns

	
	First Time dimension axis or None.
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DatasetVariable.getValue(squeeze=1)[source]

	Return the entire set of values.
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DatasetVariable.getattribute(name)

	Get the attribute name.
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DatasetVariable.getdimattribute(dim, field)

	Get the attribute named field from the dim’th dimension.
For bounds returns the old cu one-dimensional version.
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DatasetVariable.hasCellData()

	If any of the variable’s axis has explicit bounds, we have cell data
otherwise we have point data.


	Returns

	
	True or False if axis has cell data.
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DatasetVariable.initDomain(axisdict, griddict)[source]

	Must be called by whoever made this Variable to set up axes, grids.
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DatasetVariable.isEncoded()

	True if self is represented as packed data.
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DatasetVariable.listall(all=None)

	Get list of info about this slab.
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DatasetVariable.listattributes()

	Return a list of attribute names.
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DatasetVariable.listdimattributes(dim)

	List the legal axis field names.
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DatasetVariable.listdimnames()

	Return a list of the names of the dimensions.
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DatasetVariable.matchPattern(pattern, attribute, tag)

	Match for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
pattern





	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag







	Results
	

	——-
	result: (list)
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DatasetVariable.matchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which matches
the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern: (str) pattern
	attname: (str/None) attribute name







	Returns

	
	result: (int/True/False)
	
	True if the attribute with name attname is a string attribute which
matches the compiled regular expression pattern, or if attname is None
and pattern matches at least one string attribute.


	False if the attribute is not found or is not a string.
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DatasetVariable.pressureRegrid(newLevel, missing=None, order=None, method='log')

	Return the variable regridded to new pressure levels.
The variable should be a function of lat, lon, pressure, and (optionally) time.


	Parameters

	
	newLevelis an axis of the result pressure levels.
	

	methodis optional, either log to interpolate in the log of pressure (default),
	or linear for linear interpolation.



	missing and orderare as for regrid.PressureRegridder.
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DatasetVariable.regrid(togrid, missing=None, order=None, mask=None, **keywords)

	return self regridded to the new grid.
One can use the regrid2.Regridder optional arguments as well.

Example

>>> new_cdmsVar = cdmsVar.regrid(newGrid)  # uses libcf
>>> new_cdmsVar = cdmsVar.regrid(newGrid, regridMethod = 'conserve', coordSys = 'cart')






	Parameters

	
	togridtogrid destination grid. CDMS grid
	

	missingOptional missing missing values
	

	orderOptional order axis order
	

	maskOptional mask grid/data mask
	

	**keyords
	

	keywords optional keyword arguments dependent on regridTool
	





	Returns

	
	regridded variable
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DatasetVariable.reorder(order)

	Reorder per the specification order.


	Parameters

	
	orderstring can be “tzyx” with all possible axes permutation.
	





	Returns

	
	New reordered variable.
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DatasetVariable.searchPattern(pattern, attribute, tag)

	Search for a pattern in a string-valued attribute. If attribute is None, search all string attributes.
If tag is not None, it must match the internal node tag.


	Parameters

	
	pattern: (str)
	
	attribute: (str/None)
	attribute name



	tag: (str/None)
	node tag











	Returns

	
	result: (list)
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DatasetVariable.searchPredicate(predicate, tag)

	Apply a truth-valued predicate.


	Parameters

	
	predicate: (function)
	
	tag: (str/None)
	node tag







	Returns
	

	——-
	
	result: (list)
	
	Return a list containing a single instance: [self] if the
predicate is true and either tag is None or matches the
object node tag. If the predicate returns false, return an empty list
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DatasetVariable.searchone(pattern, attname)

	Search if the attribute with name attname is a string attribute which
contains the compiled regular expression pattern, or
if attname is None and pattern matches at least one string attribute.


	Parameters

	
	pattern:
	
(str) pattern





	attname:
	(str/None) attribute name











	Returns

	
	result: (int/True/False)
	
	1 or True if the attribute with name attname is a string
attribute which contains the compiled regular expression pattern,
or if attname is None and pattern matches at least one string attribute,


	0 or False if the attribute is not found or is not a string
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DatasetVariable.select(*args, **kwargs)

	Selection of a subregion using selectors.


	Parameters

	
	rawif set to 1, return numpy.ma only
	

	squeezeif set to 1, eliminate any dimension of length 1
	

	gridif given, result is regridded ont this grid
	

	orderif given, result is permuted into this order
	





	Returns

	
	Subregion selected
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DatasetVariable.setMissing(value)

	Set the missing value.


	Parameters

	
	valuescalar, a single-valued numpy array, or None.
	

	Note :
	

	The value is cast to the same type as the variable.
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DatasetVariable.setattribute(name, value)

	Set the attribute name to value.
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DatasetVariable.showdim()

	Show the dimension attributes and values.
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DatasetVariable.size()[source]

	Number of elements.
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DatasetVariable.specs2slices(speclist, force=None)

	Create an equivalent list of slices from an index specification.
An index specification is a list of acceptable items, which are



	an integer


	a slice instance (slice(start, stop, stride))


	the object “unspecified”


	the object None


	a colon







The size of the speclist must be self.rank()
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getPathFromTemplate(template, matchnames)[source]
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lenSlice(aSlice)[source]

	Return the number of values associated with a slice
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reverseSlice(s, size)[source]

	For ‘reversed’ slices (slices with negative stride),
return an equivalent slice with positive step. For positive
strides, just return the slice unchanged.
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sliceIntersect(aSlice, interval)[source]
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slicePartition(aSlice, partition)[source]
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timeindex(value, units, basetime, delta, delunits, calendar)[source]

	Calculate (t - basetime)/delu


	Parameters

	
	where t= reltime(value, units) and
	

	deluis the time interval (delta, delunits) (e.g., 1 month).
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checkdimension(x, name)[source]

	
	Purposedimension  checks
	
	has a len method


	data type is float32


	monotonically increasing vectors









	Parameters

	
	xcoordinate vector
	

	namecoordinate vector ID
	





	Returns

	
	x, xsize – dimension vector and its size
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generic_wts_bnds(lat)[source]
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get_latitude_wts_bnds(checklatpass)[source]

	Compare the passed checklatpass with the correct geophysical ones
calculated here. After finding a match call the function to get the bounds.

wts,bnds = get_latitude_wts_bnds(checklatpass)


	Parameters

	
	checklatpassis the grid to check
	





	Returns

	
	wts, bnds - tuple with weights and bounds
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get_region_latitude_wts_bnds(latRegionpass, latType, latSize)[source]

	Routine : get_region_latitude_wts_bnds


	Purposecompare the passed latitudes, latRegion, with the global
	
ones calculated here and extract the wts and bounds for




the region



	Usagewts,bnds = get_region_latitude_wts_bnds(latRegion, latType, latSize)
	where latRegion is the regional grid to check






	Returns

	
	wts, bnds - tuple with weights and bounds
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latitude_bounds(lat_bnds)[source]

	Purpose:

set up the shape and bounds for use by maparea

Usage:


	Returns

	
	tuple ( bn,bs )
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rmserror(data1, data2)[source]

	Purpose : compute the rms error for two data sets having the same shape

Passed : the two data sets


	Returns

	
	rms error
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section(latvals, levvals)[source]

	Purpose : make the crossi section analytical test case

Passed : the grid coordinate vectors


	Returns

	
	xsectiona temerature like cross section
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sectionmask(dataIn, positionIn, maskIn, missingValueIn, missingMatch)[source]

	Purpose : construct the mask for the input data for use by rgdlength

Usage : amskin = mask(dataIn, positionIn, maskIn, missingValueIn, missingValueOut, flag2D)


	Returns

	
	amskin
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sendmsg(msg, value1=None, value2=None)[source]

	Purpose : send the same message to the screen

Passed : msg - the string


	Returns

	
	return
	















            

          

      

      

    

  

  
    
    
    regrid2.esmf:EsmfRegrid
    

    

    
 
  

    
      
          
            
  
regrid2.esmf:EsmfRegrid


	
EsmfRegrid.__call__(srcField=None, dstField=None, zero_region=None)[source]

	Apply interpolation weights


	Parameters

	
	srcFieldsource field (or None if src field passed to constructor is to be used)
	

	dstFielddestination field (or None if dst field passed to constructor is to be used)
	

	zero_regionspecify which region of the field indices will be zeroed (or None default
	to TOTAL Region)
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EsmfRegrid.__init__(srcField, dstField, srcFrac=None, dstFrac=None, srcMaskValues=None, dstMaskValues=None, regridMethod=<RegridMethod.BILINEAR: 0>, ignoreDegenerate=False, unMappedAction=<UnmappedAction.IGNORE: 1>)[source]
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EsmfRegrid.getDstAreaFractions(rootPe)[source]

	Get the destination grid fraction areas as used by conservative interpolation


	Parameters

	
	rootPeNone is local areas are returned, otherwise provide rootPe and the data will be gathered
	





	Returns

	
	numpy array
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EsmfRegrid.getDstAreas(rootPe)[source]

	Get the dst grid areas as used by conservative interpolation


	Parameters

	
	rootPeNone is local areas are returned, otherwise provide rootPe and the data will be gathered
	





	Returns

	
	numpy array or None if interpolation is not conservative
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EsmfRegrid.getSrcAreaFractions(rootPe)[source]

	Get the source grid fraction areas as used by conservative interpolation


	Parameters

	
	rootPeNone is local areas are returned, otherwise provide rootPe and the data will be gathered
	





	Returns

	
	numpy array
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EsmfRegrid.getSrcAreas(rootPe)[source]

	Get the src grid areas as used by conservative interpolation


	Parameters

	
	rootPeNone is local areas are returned, otherwise provide rootPe and
	the data will be gathered







	Returns

	
	numpy array or None if interpolation is not conservative
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EsmfStructField.__init__(esmfGrid, name, datatype, staggerloc=<StaggerLoc.CENTER: 0>)[source]
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EsmfStructField.getData(rootPe)[source]

	Get field data as a numpy array


	Parameters

	
	rootPeif None then local data will be fetched, otherwise gather the
	data on processor “rootPe” (all other procs will return None).







	Returns

	
	numpy array or None.
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EsmfStructField.getPointer()[source]

	Get field data as a flat array


	Returns

	
	flat array pointer.
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EsmfStructField.setLocalData(data, staggerloc, globalIndexing=False)[source]

	Set local field data


	Parameters

	
	datafull numpy array, this method will take care of setting
	a the subset of the data that reside on the local processor



	staggerlocstagger location of the data
	

	globalIndexingif True array was allocated over global index space, array
	was allocated over local index space (on this processor)
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regrid2.esmf:EsmfStructGrid


	
EsmfStructGrid.__init__(shape, coordSys=<CoordSys.SPH_DEG: 1>, periodicity=0, staggerloc=<StaggerLoc.CENTER: 0>, hasBounds=False)[source]
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regrid2.esmf:EsmfStructGrid


	
EsmfStructGrid.getCellAreas()[source]

	Get Cell Areas


	Returns

	
	cell areas or None if setCellAreas was not called
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regrid2.esmf:EsmfStructGrid


	
EsmfStructGrid.getCoordShape(staggerloc)[source]

	Get the local coordinate shape (may be different on each processor)


	Parameters

	
	staggerloc(e.g. ESMF.StaggerLoc.CENTER)
	





	Returns

	
	tuple
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regrid2.esmf:EsmfStructGrid


	
EsmfStructGrid.getCoords(dim, staggerloc)[source]

	Return the coordinates for a dimension


	Parameters

	
	dimdesired dimension (zero based indexing)
	

	staggerlocStagger location
	















            

          

      

      

    

  

  
    
    
    regrid2.esmf:EsmfStructGrid
    

    

    
 
  

    
      
          
            
  
regrid2.esmf:EsmfStructGrid


	
EsmfStructGrid.getLoHiBounds(staggerloc)[source]

	Get the local lo/hi index values for the coordinates (per processor)
(hi is not inclusive, lo <= index < hi)


	Parameters

	
	staggerloc(e.g. ESMF.StaggerLoc.CENTER)
	





	Returns

	
	lo, hi lists.
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regrid2.esmf:EsmfStructGrid


	
EsmfStructGrid.getLocalSlab(staggerloc)[source]

	Get the local slab (ellipsis). You can use this to grab
the data local to this processor


	Parameters

	
	staggerloc(e.g. ESMF.StaggerLoc.CENTER)
	





	Returns

	
	tuple of slices.
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regrid2.esmf:EsmfStructGrid


	
EsmfStructGrid.getMask(staggerloc=<StaggerLoc.CENTER: 0>)[source]

	Get mask array. In ESMF, the mask is applied to cells.


	Returns

	
	mask numpy array 1 is invalid by default
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regrid2.esmf:EsmfStructGrid


	
EsmfStructGrid.setCellAreas(areas)[source]

	Set the cell areas


	Parameters

	
	areasnumpy array
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regrid2.esmf:EsmfStructGrid


	
EsmfStructGrid.setCoords(coords, staggerloc=<StaggerLoc.CENTER: 0>, globalIndexing=False)[source]

	Populate the grid with staggered coordinates (e.g. corner or center).


	Parameters

	
	coordsThe curvilinear coordinates of the grid. List of numpy arrays.
	Must exist on all procs.



	staggerlocThe stagger location ESMF.StaggerLoc.CENTER (default)
	ESMF.StaggerLoc.CORNER



	globalIndexingif True array was allocated over global index space, otherwise array was
	allocated over local index space on this processor. This is only relevant
if rootPe is None









Notes

coord dims in cdms2 are ordered in y, x, but ESMF expects x, y, hence the
dimensions are reversed here.









            

          

      

      

    

  

  
    
    
    regrid2.esmf:EsmfStructGrid
    

    

    
 
  

    
      
          
            
  
regrid2.esmf:EsmfStructGrid


	
EsmfStructGrid.setMask(mask, staggerloc=<StaggerLoc.CENTER: 0>)[source]

	Set mask array. In ESMF, the mask is applied to cells.


	Returns

	
	mask numpy array 1 is invalid by default
	







Notes

This array exists on all procs
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regrid2.esmf:EsmfUnstructGrid


	
EsmfUnstructGrid.__init__(numTopoDims, numSpaceDims)[source]

	Initialize self.  See help(type(self)) for accurate signature.
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regrid2.esmf:EsmfUnstructGrid
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regrid2.esmf:EsmfUnstructGrid


	
EsmfUnstructGrid.setCells(cellIndices, cellTypes, connectivity, cellMask=None, cellAreas=None)[source]

	
Set Cell connectivity.





	Parameters

	
	cellIndicesany 0-based.
	cellTypes : any one of ESMF_MESHELEMTYPE_{TRI,QUAD,TETRA,HEX}.

connectivityNode : any connectivity array, see below for node ordering.

cellMask : any cellAreas area (volume) of each cell.









Notes

             3                       4-------------3
             /\                      |             |
            /  \                     |             |
           /    \                    |             |
          /      \                   |             |
         /        \                  |             |
        /          \                 |             |
       1------------2                1-------------2

          3                               8---------------7
         /|\                             /|              /|
        / | \                           / |             / |
       /  |  \                         /  |            /  |
      /   |   \                       /   |           /   |
     /    |    \                     5---------------6    |
    4-----|-----2                    |    |          |    |
     \    |    /                     |    4----------|----3
      \   |   /                      |   /           |   /
       \  |  /                       |  /            |  /
        \ | /                        | /             | /
         \|/                         |/              |/
          1                          1---------------2

ESMF_MESHELEMTYPE_TETRA             ESMF.MESHELEMTYPE_HEX
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regrid2.esmf:EsmfUnstructGrid


	
EsmfUnstructGrid.setNodes(indices, coords, peOwners=None)[source]

	Set the nodal coordinates


	Parameters

	
	indicesIds of the nodes (0-based)
	

	coordsnodal coordinates
	

	peOwnersprocessor ranks where the coordinates reside (0-based)
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regrid2.esmf:EsmfUnstructGrid


	
EsmfUnstructGrid.toVTK(filename)[source]

	Write grid to VTK file format


	Parameters

	
	filenameVTK file name
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regrid2.horizontal


	
extractBounds(bounds)[source]
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regrid2.horizontal


	
input_mask(ain, type, mask, missing=None)[source]

	set up the input mask including missing from ain
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.__init__(srcGridshape, dstGridshape, dtype, regridMethod, staggerLoc, periodicity, coordSys, srcGridMask=None, hasSrcBounds=False, srcGridAreas=None, dstGridMask=None, hasDstBounds=False, dstGridAreas=None, ignoreDegenerate=False, **args)[source]
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.apply(srcData, dstData, rootPe, globalIndexing=False, **args)[source]

	Regrid source to destination.
When used in parallel, if the processor is not the root processor,
the dstData returns None.

Source data mask:



	If you provide srcDataMask in args the source grid will be
masked and weights will be recomputed.


	Subsequently, if you do not provide a srcDataMask the last weights will
be used to regrid the source data array.


	By default, only the data are masked, but not the grid.








	Parameters

	
	srcDataarray source data, shape should cover entire global index space
	

	dstDataarray destination data, shape should cover entire global index space
	

	rootPeif other than None, then data will be MPI gathered on the specified rootPe processor
	

	globalIndexingif True array was allocated over global index space, otherwise array was
	allocated over local index space on this processor. This is only relevant
if rootPe is None



	args
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.computeWeights(**args)[source]

	Compute interpolation weights


	Parameters

	
	args(not used)
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.fillInDiagnosticData(diag, rootPe)[source]

	Fill in diagnostic data


	Parameters

	
	diaga dictionary whose entries, if present, will be filled valid
	entries are: ‘srcAreaFractions’, ‘dstAreaFractions’, srcAreas’, ‘dstAreas’



	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.getDstAreaFractions(rootPe)[source]

	Get the destination grid area fractions


	Parameters

	
	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
	





	Returns

	
	fractional areas or None (if non-conservative)
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.getDstAreas(rootPe)[source]

	Get the destination grid cell areas


	Parameters

	
	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
	





	Returns

	
	areas or None if non-conservative interpolation
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.getDstGrid()[source]

	Get the destination grid on this processor


	Returns

	
	grid
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.getDstLocalShape(staggerLoc)[source]

	Get the local destination coordinate/data shape (may be different on each processor)


	Parameters

	
	staggerLoc(e.g. ‘center’ or ‘corner’)
	





	Returns

	
	tuple
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.getDstLocalSlab(staggerLoc)[source]

	Get the destination local slab (ellipsis). You can use this to grab the data local to this
processor


	Parameters

	
	staggerLoc(e.g. ‘center’)
	





	Returns

	
	tuple of slices
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.getSrcAreaFractions(rootPe)[source]

	Get the source grid area fractions


	Parameters

	
	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
	





	Returns

	
	fractional areas or None (if non-conservative)
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.getSrcAreas(rootPe)[source]

	Get the source grid cell areas


	Parameters

	
	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
	





	Returns

	
	areas or None if non-conservative interpolation
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.getSrcLocalShape(staggerLoc)[source]

	Get the local source coordinate/data shape (may be different on each processor)


	Parameters

	
	staggerLoc(e.g. ‘center’ or ‘corner’)
	





	Returns

	
	tuple
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.getSrcLocalSlab(staggerLoc)[source]

	Get the destination local slab (ellipsis). You can use this to grab the data
local to this processor


	Parameters

	
	staggerLoc(e.g. ‘center’):
	





	Returns

	
	tuple of slices
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regrid2.mvESMFRegrid:ESMFRegrid


	
ESMFRegrid.setCoords(srcGrid, dstGrid, srcGridMask=None, srcBounds=None, srcGridAreas=None, dstGridMask=None, dstBounds=None, dstGridAreas=None, globalIndexing=False, **args)[source]

	Populator of grids, bounds and masks


	Parameters

	
	srcGridlist [[z], y, x] of source grid arrays
	

	dstGridlist [[z], y, x] of dstination grid arrays
	

	srcGridMasklist [[z], y, x] of arrays
	

	srcBoundslist [[z], y, x] of arrays
	

	srcGridAreaslist [[z], y, x] of arrays
	

	dstGridMasklist [[z], y, x] of array
	

	dstBoundslist [[z], y, x] of arrays
	

	dstGridAreaslist [[z], y, x] of arrays
	

	globalIndexingif True array was allocated over global index space,
	otherwise array was allocated over local index space on
this processor. This is only relevant if rootPe is None
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regrid2.mvGenericRegrid:GenericRegrid


	
GenericRegrid.__init__(srcGrid, dstGrid, dtype, regridMethod, regridTool, srcGridMask=None, srcBounds=None, srcGridAreas=None, dstGridMask=None, dstBounds=None, dstGridAreas=None, **args)[source]
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regrid2.mvGenericRegrid:GenericRegrid


	
GenericRegrid.apply(srcData, dstData, rootPe=None, missingValue=None, **args)[source]

	Regrid source to destination


	Parameters

	
	srcDataarray (input)
	

	dstDataarray (output)
	

	rootPeif other than None, then results will be MPI gathered
	

	missingValueif not None, then data mask will be interpolated
	and data value set to missingValue when masked
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regrid2.mvGenericRegrid:GenericRegrid


	
GenericRegrid.computeWeights(**args)[source]

	Compute Weights
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regrid2.mvGenericRegrid:GenericRegrid


	
GenericRegrid.fillInDiagnosticData(diag, rootPe=None)[source]

	Fill in diagnostic data


	Parameters

	
	diaga dictionary whose entries, if present, will be filled entries are tool dependent
	

	rootPeroot processor where data should be gathered (or None if local areas are to be returned)
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regrid2.mvGenericRegrid:GenericRegrid


	
GenericRegrid.getDstGrid()[source]

	Return the destination grid, may be different from the dst grid provided
to the constructor due to domain decomposition


	Returns

	
	local grid on this processor
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regrid2.mvGenericRegrid


	
guessPeriodicity(srcBounds)[source]

	Guess if a src grid is periodic


	Parameters

	
	srcBoundsthe nodal src set of coordinates
	





	Returns

	
	1 if periodic, warp around, 0 otherwise
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regrid2.pressure


	
checkorder(positionIn)[source]

	
Purpose :


construct the tuples for transposing the data to standard dimension
order and the inverse for transposing it back to the original dimension order




Usage :


newOrder, inverseOrder = checkorder(positionIn)




Passed :


positionIn – array with location of longitude, latitude. level and time
respectively in the sense of the python shape of the data








	Returns

	
	newOrdertuple to transpose data to the order (t,z,y,x)
	

	inverseOrdertuple to transpose data to back to the original order
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regrid2.pressure


	
sendmsg(msg, value1=None, value2=None)[source]

	Purpose :


send the same message to the screen




Passed :


msg - the string

value - the number associated with the string





	Returns

	
	return
	















            

          

      

      

    

  

  
    
    
    regrid2.scrip.BicubicRegridder
    

    

    
 
  

    
      
          
            
  
regrid2.scrip.BicubicRegridder
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regrid2.scrip.ConservativeRegridder
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regrid2.scrip


	
readRegridder(fileobj, mapMethod=None, checkGrid=1)[source]

	Read a regridder from an open fileobj.


	Parameters

	
	mapMethodis one of “conservative”, “bilinear”, “bicubic”, or “distwgt”.
	If unspecified, it defaults to the method defined in the file.

If ‘checkGrid’ is 1 (default), the grid cells are checked for convexity,
and ‘repaired’ if necessary.
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Plotting CDMS data in Python


Overview

Data read via the CDMS Python interface can be plotted using the vcs
module. This module, part of the Climate Data
Analysis Tool (CDAT) is documented in the CDAT reference manual.
The vcs module provides access to the functionality of the VCS
visualization program.

Examples of plotting data accessed from CDMS are given below, as well as
documentation for the plot routine keywords.




Examples

In the following examples, it is assumed that variable psl is
dimensioned (time, latitude, longitude). psl is contained in the
dataset named 'sample.xml'.


Plotting a Gridded Variable


	Example:
	Plotting a gridded variable





	1
2
3
4
5
6
7
8

	>>> import cdms2, vcs
>>> f = cdms2.open("clt.nc")
>>> clt = f.variables['clt']
>>> sample = clt[0,:]
>>> w=vcs.init()
>>> w.plot(sample)
<vcs.displayplot.Dp object ...>
>>> f.close()







Notes:







	Line

	Notes





	3

	Get a horizontal slice, for the first time point.



	4

	Create a VCS Canvas w.



	5

	Plot the data.  Because sample is a transient variable, it encapsulates all the time, latitude, longitude, and attribute information.



	7

	Close the file.  This must be done after the reference to the persistent variable ps l.






Thats it! The axis coordinates, variable name, description, units, etc.
are obtained from variable sample.

What if the units are not explicitly defined for clt, or a different
description is desired? plot has a number of other keywords which
fill in the extra plot information.




Using A Plot Keywords

	1
2
3
4
5
6
7
8

	>>> import cdms2, vcs
>>> f = cdms2.open("clt.nc")
>>> clt = f.variables['clt']
>>> sample = clt[0,:]
>>> w=vcs.init()
>>> w.plot(sample, units='percent', file_comment='', long_name="Total Cloud", comment1="Example plot", hms="00:00:00", ymd="1979/01/01")
<vcs.displayplot.Dp object ...>
>>> f.close()







Note: Keyword arguments can be listed in any order.




Plotting a Time-Latitude Slice

Assuming that variable clt has domain (time,latitude,longitude),
this example selects and plots a time-latitude slice:

	1
2
3
4
5
6
7

	>>> import cdms2, vcs
>>> f = cdms2.open("clt.nc")
>>> clt = f.variables['clt']
>>> samp = clt[:,:,0]
>>> w = vcs.init()
>>> w.plot(samp, name='Total Cloudiness')
<vcs.displayplot.Dp object ...>













	Line

	Notes





	4

	samp is a slice of clt, at index 0 of the last dimension.  Since samp was obtained from the slice operator, it is a transient variable, which includes the latitude and time information.



	6

	The name keyword defines the identifier, default is the name found in the file.









Plotting Subsetted Data

Calling the variable clt as a function reads a subset of the
variable. The result variable samp can be plotted directly:

	1
2
3
4
5
6
7
8

	>>> import cdms2, vcs
>>> f = cdms2.open("clt.nc")
>>> clt = f.variables['clt']
>>> samp = clt(time = (0.0,100.0), longitude = 180.0, squeeze=1)
>>> w = vcs.init()
>>> w.plot(samp)
<vcs.displayplot.Dp object ...>
>>> f.close()












Plot Method

The plot method is documented in the CDAT Reference Manual. This
section augments the documentation with a description of the optional
keyword arguments. The general form of the plot command is:

canvas.plot(array [, args] [,key=value [, key=value [, ...] ] ])

where:


	canvas is a VCS Canvas object, created with the vcs.init method.


	array is a variable, masked array, or Numpy array having between
two and five dimensions. The last dimensions of the array is termed
the ‘x’ dimension, the next-to-last the ‘y’ dimension, then ‘z’, ‘t’,
and ‘w’.



	For example, if array is three-dimensional, the axes are
(z,y,x), and if array is four-dimensional, the axes are (t,z,y,x).


Note: that the t dimension need have no connection with time; any
spatial axis can be mapped to any plot dimension.)






	For a graphics method which is two-dimensional, such as boxfill,
the y-axis is plotted on the horizontal, and the x-axis on the vertical.


	If array is a gridded variable on a rectangular grid, the plot
function uses a box-fill graphics method.


	If it is non-rectangular, the meshfill graphics method is used.


Note: that some plot keywords apply only to rectangular grids only.













	args are optional positional arguments:

args := template_name, graphics_method, graphics_name

template_name: the name of the VCS template (e.g., ‘AMIP’)

graphics_method: the VCS graphics method (boxfill)

graphics_name: the name of the specific graphics method
(‘default’)

See the CDAT Reference Manual and VCS Reference Manual for a
detailed description of these arguments.



	key=value, … are optional keyword/value pairs, listed in any
order. These are defined in the table below.





Plot Keywords








	Key

	Type

	Value





	comment1

	string

	Comment plotted above file_comment



	comment2

	string

	Comment plotted above comment1



	comment3

	string

	Comment plotted above comment2



	continents

	0 or 1

	
	if 1, plot continental outlines (default:plot if
	
	xaxis is longitude,


	yaxis is latitude -or- xname is ‘longitude’ and yname is ‘latitude’











	file_comment

	string

	
	Comment,
	
	Defaults to variable.parent.comment











	grid

	CDMS grid object

	
	Grid associated with the data.
	
	Defaults to variable.getGrid()











	hms

	string

	Hour, minute, second



	long_name

	string

	
	Descriptive variable name,
	
	Defaults to variable.long_name.











	missing_value

	same type as array

	
	Missing data value,
	
	Defaults to variable.getMissing()











	name

	string

	
	Variable name,
	
	Defaults to variable.id











	time

	cdtime relative or absolute

	
	Time associated with the data.
	
	Example:
	
	cdtime.reltime(30.0, 'days since 1978-1-1').





















Plot Keywords(cont’d)








	Key

	Type

	Value





	units

	string

	
	Data units.
	
	Defaults to variable.units











	variable

	CDMS variable object

	
	Variable associated with the data.
	
	The variable grid must have the same shape as the data array.











	xarray ([y|z|t|w]array)

	1-D Numpy array

	
	Rectangular grids only.
	
	Array of coordinate values, having the same length as the corresponding dimension.


	Defaults to xaxis[:\] (y|z|t|waxis[:])











	xaxis ([y|z|t|w]axis)

	CDMS axis object

	
	Rectangular grids only.
	
	Axis object.
	
	xaxis defaults to grid.getAxis(0)


	yaxis defaults to grid.getAxis(1)















	xbounds (ybounds)

	2-D Numpy array

	
	Rectangular grids only.
	
	Boundary array of shape (n,2) where n is the axis length.


	Defaults to xaxis.getBounds(), or xaxis.genGenericBounds() if None, similarly for ybounds.











	xname ([y|z|t|w]name)

	string

	
	Rectangular grids only.
	
	Axis name.
	
	Defaults to xaxis.id ([y|z|t|w]axis.id)















	xrev (yrev)

	0 or 1

	If xrev (yrev) is 1, reverse the direction of the
x-axis (y-axis).



	Defaults to 0, with the following exceptions:


	If the y-axis is latitude, and has decreasing values, yrev defaults to 1


	If the y-axis is a vertical level, and has increasing pressure levels, yrev defaults to 1.










	xunits ([y|z|t|w]units)

	string

	
	Rectangular grids only. Axis units.
	
	Defaults to xaxis.units ([y|z|t|w]axis.units).
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Dimension=Axis

Writing data to a file

CDMS Cheat Sheet
Files (f)
= cdms.open(‘myfile’) Open file “myfile”
Querying
F.showglobal() print file’s global attributes
attdic=F.attributes Return file attribute’s dictionary

attlist=". attributes keys() Return file attribute’s list

nm=f.name Returns attribute value (ie. 'name’)
fey='value' Set an attribute to a new value
dims= listdimension() Returns file's dimensions list
dims=f listdimension(myvar)  Returns file's dimensions list
Variable

Retrieving
ax=s.getAxis(0) Returns axis dimension at index (0)
getAxisindex(‘time’) Returns axis dimension index (0, 1,2, ..)
gethxisList() Returns axis list
getTime () Returns axis time

lev=s getLevel()
lat=s.getlatitude()
lon=s.getLongitude()

Querying

Returns axis level
Returns axis latitude
Returns axis longitude

Example:
Write a Transient Variable (TV) having the dimensions: time, latitude, longitude to a file.
The data shape is 12,64,128 and the grid is gaussian T42 (from -180, to 180 and south to
north), and represent the 12 months of year 2000.

1-Preparing the dimensions/axis

T.showvariable()
vardic=f.variables
varlist= variables keysQ

Display all variables in the file
Returns variable dictionary
Returns variable list

File

dims=Flistdimension(‘myvar’)
f.showdimension('myvar
f.showattribute('myvar)
f.showall("myvar’)

Returns dimensions list for ‘myvar
same as above

Prints the attributes of ‘myvar’
prints information of 'myvar*

Transient Variable (TV)
Retrieving

i=ax.id

bounds=ax getBounds()
ax.isTime()

axdistevel()
axdslatitude()
ax.isLongitude()
axisCircular()
axmodulo

Altering

Returns axis name
Returns axis values’ list

Returns attribute’s dictionary

Returns boundary list of each coordinate
Returns 1 if the axis is time, 0 otherwise
Returns 1 if the axis is level, 0 otherwise
Returns 1 if the axis is latitude, 0 otherwise
Returns 1 if the axis is longitude, 0 if not
Returns 1 if the axis is circular

Returns the value of the modulo

(for circular axis)

Create the "raw” axis
Set the name

time=cdms2.createAxis(range(12))
time.id="time'

time. units="months since 200"
time.designateTime()

Specify the axis as "time" (independently
from the name)

lons=MV2.arange(128,
typecode=MV2.float)*2.8125-180.
lon=cdms2.createAxis(lons)
lon.id="longitude"

on. units="degrees_east'

lon. designateLongitude()
‘dms2.createGaussianAXis(64)

Creates a gaussian axis with 64 latitudes

2- Setting the axes into the TV (tv)

tv.setAxis(0,time)
tv.setAxis(Llat)
tv.setAxis(2lon)

3- Writing to the file

t=f('myvar) # gets ‘myvar from cchns file f

tvnow is a Transient Variable containing the variable 'myvar' from the file’
‘myfile!

Let's say 'myvar is 3D:
longitude rom -180 to 180: =f{'myvar' longitud

ime/latitude/longitude, if we wish to retrieve the
180,180))

Note: By default the retrieval edges are closed/open, ie the second value is not

included in the retrieval procedure, if we wish to retrieve 180 then we would pass:

s=f'myvar' longitude=(-180,180,'cc’)) ie.: closed/closed

Queryin

attdic=s.attributes
attist=s.listattribute()
dmnames=s getAxisld()
sh=s. shape

sinfo() Display description of the slabs: attr. & dim.

Returns a dictionary
Return a st of the variable attribute
Returns al i of the dimensions names

Returns a tuple with the length of each dim.

axlI=newvalues
ax.id='my new name'
ax.units='my new units'
ax.myspecialattribut
special attribute value'
ax.designateTime()
ax.designateLevel()
ax.designatelatitude()
ax.designateLongitude()
ax.designateCircular(value)

Change axis values (Ax):
Changes axis name
Changes axis units

Set axis attribute

Sets axis designation time
Sets axis designation levels

Sets axis designation latitude

Sets axis designation longitude

Sets axis designation as circular: modulo "value”

f=cdms.open(myfile.nc’w')
f=cdms.open(myfile.nc',r+)
Fwrite(ty)

#orif we're not sure that we set the axes on the tv: f.write(tv,axe=(tim,lat,lon))
f.close()

To create a new dataset
To open an existing file

- Unlimited dimension

By default, time is set as unlimited and can be extended:
f=cdms2.open('myfile.nct,'r+')
foriin range(len(time)):
=tvi]
fwrite(t)
f.close()
‘Writes all the time one after the other.

5 Full form of the write function

v=write(var, attributes=None, axes=None, extbounds=None, id=None, extend=None,
fill_value=None, index=None)
«  varisavariable or array.
attributes: s a dictionary of attributes associated to the variable.
axes: is the lst of file axes including the domain of the variable.
extbounds: is the extended dimension bounds. Default: var.getAxis(0).getBounds(0)
id:isthe variable name in the file. Default is var.id.
extend: causes the first dimension to be 'extensible’:iteratively writeable. The
default is None, in which case the first dimension is extensible if it is time.
fill_value: is the missing value flag. Index is the extended dimension index to write
to. The default index is determined by lookup relative to the existing extended
dimension.
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VCS Quick Reference(V1.0, March 6th, 2001)

Functions Graphics Methods (x=vcs.init()) Template
ame = "name*
Canvas, x=vcs.init) Creating/Retrieving/Deleting e
pen/clear/close () .create”graphicsmethod” (name', name to copy from’) priority
lot (slab, [grid=grd], [graphic method],ftemplate object],...) get"graphicsmethod” (name!) x
ode = 10 automatic/manual update _temoveobject (object) y
pdate 0 updates the changes to ves canvas Common Attributes texttable = [string or texttable obj]
ush 0 flushes the X server all textorientation = [string or texorientation obj]
ortrait/landscape() name name’ lsource/title/units ..Same...
age 0 toggles between portrait/landscape projection = tinear!, ‘mollweide’, ‘robinson’, or polart ean/min/max _.same.
eometry (width,height xoffsetleft yoffsettap) resize the window [ylticlabelsi[2] = flist]or {dic} lcomment 1[2/3/4] ..same.
et (‘method',['name']) set the default plotting graphics method x[ylmticsi[2] = [list] or {dic) fun ction/logicalm ask/dataname _.same...
etcolormap (name?) set the colormap datawe x[y[L[2] =value #World coordinates lerdate/ crtime/transformation _.same...
etcolorcell (icellr.g.b) 0<=rgb<=100 x[ylaxisconvert = tinear', logl0, In', ‘exp’, or ‘area_wt' [y/z/t|name[units/value/ _.same...
etcolormap ~ (name?) get the colormap ‘name’ [/y] [min/max] tic1[/2]
teatecolormap  (‘name’) create a colormap named ‘name’ Specific Attributes priority
feetcolormapname () get the name of the colormap used oxtill Y=L
fetcolorcell (icell) return the [r,g.b] values for color icell level 1 =value # Flot data greater than level_1 Y2
olormapgui () pops up the colormap GUI level 2 = value # Plot data lower than level 2 line = [string or line obj]
hnimate 0 pops up the animation GUI color 1 = 0<=value <= 255 # First color in palette [yllabel1[/2]
ferid (dim10dimiL,...dimn0dimnl) sets the dims(1..n) values color 2 = 0<=value <= 255 # last color in palette priority = fvalue]
or legend = [list], (tuple) or {dictionary} yiiz] [value]
“out of graphics method" dimensions ext 1 = 'n'or 'y'# Left arrow (offfon) line = [string or line obj]
esetgrid 0 undo grid() ext 2 = 'n'or 'y # Right arrow (offfon) laata
missing = 0<=value <= 255 # color of missing value priority = [value]
Output sofill x1
tinter  (printername,['pY1]) pA: portraitfiandscape levels = [list] or (tuple) # ex [10,20,30] or [(20,30),(50,60)] y1
ostscript (flename] ps],[0/1]) pA: portrait/iandscape fillareacolors = [list] or (tuple) 0 <= values <= 255 X2 = [value]
kps (Blename[ ps].['pY1]) pA: portrait/iandscape fillareastyle = 'solid', ‘hatch’, or ‘pattern’ y2 = fvalue]
leif (flename[ gif,[a '] [p/17])  af:appendiveplace,p/lportraitiandscape fillareaindices = 1<=value <= 17 or fillarea obects line = [string or line obj]
sm (flename[.cgm],['a¥'r']) a/: appendreplace ext 1 = n'or y'# Left arrow (offfon) egend ..same...
aster  (filenamef ras],[a/r']) a/v: append/replace ext 2 = n'or 'y' # Right arrow (offfon) line1[/2/3/4] _.same...
stogif  (filename] ps].[1/D']) pA: portrait/iandscape missing = 0<=value <= 255 #color of missing value ox1[2/3/4] _.same...
soline
level = [list] or (tuple) #ex [10,20,30] or [(20,30),(50,60)] Secondary Methods
Querying (x=ves.init(, gm is a graphics method) label =mn\y'or 0,1 kextorientation (To)
line = line object or value in line type (0<=value<=4) e v
fom st 0 list the option for a ves object and the linecolors =flist] or (tuple) 0<=values <= 255 height R VST
values they're set to text = O<=values<=9 or texttable or textorientation object e e a0
s.graphi csmethodtype(gm) returns graphic method type (bOXfil,...) textcolors = [values] or from the objects passed to text path — ight' left, up’, down’ o (0,1,2,3)
isgraphicsmethod  (gm) 1ifitis a graphicsmethod, Oif not ector halign = lejt' Center right' or (0,1,2)
is"vesobjecttype”  (gm) 1/0 *vesobjecttype can be any the line = 