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About the Software

pwkit is a collection of Peter Williams’ miscellaneous Python tools. I’m
packaging them so that other people can install them off of PyPI or Conda and
run my code without having to go to too much work. That’s the hope, at least.


Installation

The most recent stable version of pwkit is available on the Python
package index [https://pypi.python.org/pypi/pwkit/], so you should be able to install this package simply by
running pip install pwkit. The package is also available in the conda [http://conda.pydata.org/docs/]
package manager by installing it from binstar.org [https://binstar.org/pkgw/pwkit]; the command conda
install -c pkgw pwkit should suffice.

If you want to download the source code and install pwkit manually, the
package uses the standard Python setuptools [https://pypi.python.org/pypi/setuptools], so running python setup.py
install will do the trick.




Authors

pwkit is authored by Peter K. G. Williams and collaborators. Despite this
package being named after me, contributions are welcome and will be given full
credit. I just don’t want to have to make up a decent name for this package
right now.

Contributions have come from (alphabetically by surname):


	Maïca Clavel

	Elisabeth Newton

	Denis Ryzhkov (I copied method_decorator [https://github.com/denis-ryzhkov/method_decorator/])






Copyright and License

The pwkit package is copyright Peter K. G. Williams and collaborators and
licensed under the MIT license [http://opensource.org/licenses/MIT], which is reproduced in the file LICENSE in
the source tree.







          

      

      

    


    
         Copyright 2015, Peter K. G. Williams and collaborators.
      Created using Sphinx 1.3.1.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	pwkit 0.6.99 documentation 
 
      

    


    
      
          
            
  
Foundations

This documentation has a lot of stubs.



	Core utilities (pwkit)
	The Holder namespace object

	Utilities for exceptions

	Abstractions between Python versions 2 and 3





	Convenient file input and output (pwkit.io)
	Path methods

	Path attributes

	Other functions in pwkit.io





	Numerical utilities (pwkit.numutil)
	Making functions that auto-broadcast their arguments

	Convenience functions for statistics

	Convenience functions for pandas.DataFrame objects

	Parallelized versions of simple math algorithms

	Tophat and Step Functions





	Framework for easy parallelized processing (pwkit.parallel)

	Quick enumerations of constant values (pwkit.simpleenum)
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Core utilities (pwkit)

The toplevel pwkit module includes a few basic abstractions that show
up throughout the rest of the codebase. These include:



	The Holder namespace object

	Utilities for exceptions

	Abstractions between Python versions 2 and 3







The Holder namespace object

Holder is a “namespace object” that primarily exists so that you can
fill it with named attributes however you want. This is convenient for, say,
implementing functions that return complex data in a way that’s amenable to
future extension.


	
class pwkit.Holder(__decorating=None, **kwargs)[source]

	Create a new Holder. Any keyword arguments will be assigned as
properties on the object itself, for instance, o = Holder (foo=1)
yields an object such that o.foo is 1.

The __decorating keyword is used to implement the Holder
decorator functionality, described below.





While the Holder is primarily meant for bare-bones namespace
management, it does provide several convenience functions: Holder.get(),
Holder.set(), Holder.set_one(), Holder.has(),
Holder.copy(), Holder.to_dict(), and Holder.to_pretty().


	
Holder.__unicode__()[source]

	Placeholder.






	
Holder.__str__()

	Placeholder.






	
Holder.__repr__()[source]

	Placeholder.






	
Holder.__iter__()[source]

	Placeholder.






	
Holder.__contains__(key)[source]

	Placeholder.






	
Holder.get(name, defval=None)[source]

	Placeholder.






	
Holder.set(**kwargs)[source]

	Placeholder.






	
Holder.set_one(name, value)[source]

	Placeholder.






	
Holder.has(name)[source]

	Placeholder.






	
Holder.copy()[source]

	Placeholder.






	
Holder.to_dict()[source]

	Placeholder.






	
Holder.to_pretty(format='str')[source]

	Placeholder.






	
@pwkit.Holder[source]

	Placeholder decorator documentation.








Utilities for exceptions


	
PKError (fmt, *args):

	Placeholder.






	
reraise_context (fmt, *args):

	Placeholder.








Abstractions between Python versions 2 and 3


	
pwkit.text_type

	The builtin class corresponding to text in this Python interpreter: either
unicode in Python 2, or str [https://docs.python.org/library/functions.html#str] in Python 3.






	
pwkit.binary_type

	The builtin class corresponding to binary data in this Python interpreter:
either str [https://docs.python.org/library/functions.html#str] in Python 2, or bytes in Python 3.






	
pwkit.unicode_to_str(s)

	A function for implementing the __str__ method of classes, the meaning
of which differs between Python versions 2 and 3. In all cases, you should
implement __unicode__ on your classes. Setting the __str__ property
of a class to unicode_to_str() will cause it to Do The Right Thing™,
which means returning the UTF-8 encoded version of its Unicode expression
in Python 2, or returning the Unicode expression directly in Python 3:

import pwkit

class MyClass (object):
    def __unicode__ (self):
        return u'my value'

    __str__ = pwkit.unicode_to_str
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Convenient file input and output (pwkit.io)

The pwkit package provides many tools to ease reading and writing data
files. The most generic such tools are located in the pwkit.io module.
The most important tool is the Path class for object-oriented
navigation of the filesystem.


	
class pwkit.io.Path(path)[source]

	This is an extended version of the pathlib.Path class.
(pathlib is built into Python 3.x and is available as a backport to
Python 2.x.) It represents a path on the filesystem.

The key methods on Path instances are:


	absolute() — see also resolve()

	as_hdf_store()

	as_uri()

	chmod()

	cwd()

	ensure_parent()

	exists()

	expand()

	glob()

	is_absolute()

	is_block_device()

	is_char_device()

	is_dir()

	is_fifo()

	is_file()

	is_socket()

	is_symlink()

	iterdir() — see also scandir()

	joinpath()

	make_relative()

	match()

	mkdir()

	open() — see also try_open()

	read_lines()

	read_fits() — see also read_fits_bintable()

	read_fits_bintable() — see also read_fits()

	read_hdf()

	read_inifile()

	read_numpy_text()

	read_pandas()

	read_pickle()

	read_pickles()

	read_tabfile()

	relative_to() — see also make_relative()

	rellink_to() — see also symlink_to()

	rename()

	resolve() — see also absolute()

	rglob()

	rmdir() — see also rmtree()

	rmtree() — see also rmdir()

	scandir() — see also iterdir()

	stat()

	symlink_to() — see also rellink_to()

	touch()

	try_open() — see also open()

	try_unlink() — see also unlink()

	unlink() — see also try_unlink()

	with_name()

	with_suffix()

	write_pickle()

	write_pickles()



Attributes are:


	anchor

	drive

	name

	parts

	parent

	parents

	root

	stem

	suffix

	suffixes







There are also some free functions in the
pwkit.io module, but they are generally being superseded by operations
on Path objects.


Path methods


	
Path.absolute()[source]

	Return an absolute version of the path. Unlike resolve(), does not
normalize the path or resolve symlinks.






	
Path.as_hdf_store(mode='r', **kwargs)[source]

	Return the path as an opened pandas.HDFStore object. Note that the
HDFStore constructor unconditionally prints messages to standard
output when opening and closing files, so use of this function will pollute
your program’s standard output. The kwargs are forwarded to the
HDFStore constructor.






	
Path.as_uri()

	Return the path stringified as a file:/// URI.






	
Path.chmod(mode)[source]

	Change the mode of the named path. Remember to use octal 0o755
notation!






	
Path.ensure_parent(mode=0o777, parents=False)[source]

	Ensure that this path’s parent directory exists. Returns a boolean
indicating whether the parent directory already existed. Will attempt to
create superior parent directories if parents is true. Unlike
Path.mkdir(), will not raise an exception if parents already exist.






	
Path.exists()[source]

	Returns whether the path exists.






	
Path.expand(user=False, vars=False, glob=False, resolve=False)[source]

	Return a new Path with various expansions performed. All
expansions are disabled by default but can be enabled by passing in true
values in the keyword arguments.


	user : bool (default False)

	Expand ~ and ~user home-directory constructs. If a username is
unmatched or $HOME is unset, no change is made. Calls
os.path.expanduser() [https://docs.python.org/library/os.path.html#os.path.expanduser].

	vars : bool (default False)

	Expand $var and ${var} environment variable constructs. Unknown
variables are not substituted. Calls os.path.expandvars() [https://docs.python.org/library/os.path.html#os.path.expandvars].

	glob : bool (default False)

	Evaluate the path as a glob [https://docs.python.org/library/glob.html#module-glob] expression and use the matched path.
If the glob does not match anything, do not change anything. If the
glob matches more than one path, raise an IOError.

	resolve : bool (default False)

	Call resolve() on the return value before returning it.








	
Path.glob(pattern)[source]

	Assuming that the path is a directory, iterate over its contents and return
sub-paths matching the given shell-style glob pattern.






	
Path.is_absolute()

	Returns whether the path is absolute.






	
Path.is_block_device()[source]

	Returns whether the path resolves to a block device file.






	
Path.is_char_device()[source]

	Returns whether the path resolves to a character device file.






	
Path.is_dir()[source]

	Returns whether the path resolves to a directory.






	
Path.is_fifo()[source]

	Returns whether the path resolves to a Unix FIFO.






	
Path.is_file()[source]

	Returns whether the path resolves to a regular file.






	
Path.is_socket()[source]

	Returns whether the path resolves to a Unix socket.






	
Path.is_symlink()[source]

	Returns whether the path resolves to a symbolic link.






	
Path.iterdir()[source]

	Assuming the path is a directory, generate a sequence of sub-paths
corresponding to its contents.






	
Path.joinpath(*args)

	Combine this path with several new components. If one of the arguments is
absolute, all previous components are discarded.






	
Path.make_relative(other)[source]

	Return a new path that is the equivalent of this one relative to the path
other. Unlike relative_to(), this will not throw an error if self
is not a sub-path of other; instead, it will use .. to build a
relative path. This can result in invalid relative paths if other contains
a directory symbolic link.

If self is an absolute path, it is returned unmodified.






	
Path.match(pattern)

	Test whether this path matches the given shell glob pattern.






	
Path.mkdir(mode=0o777, parents=False)[source]

	Create a directory at this path location. Creates parent directories if
parents is true. Raises OSError if the path already exists, even
if parents is true.






	
Path.open(mode='r', buffering=-1, encoding=None, errors=None, newline=None)[source]

	Open the file pointed at by the path and return a file object.
TODO: verify whether semantics correspond to io.open() [https://docs.python.org/library/io.html#io.open] or plain
builtin open().






	
Path.read_lines(mode='rt', noexistok=False, **kwargs)[source]

	Generate a sequence of lines from the file pointed to by this path, by
opening as a regular file and iterating over it. The lines therefore
contain their newline characters. If noexistok, a nonexistent file will
result in an empty sequence rather than an exception. kwargs are passed
to Path.open().






	
Path.read_fits(**kwargs)[source]

	Open as a FITS file, returning a astropy.io.fits.HDUList object.
Keyword arguments are passed to astropy.io.fits.open(); valid ones
likely include:


	mode = 'readonly' (or “update”, “append”, “denywrite”, “ostream”)

	memmap = None

	save_backup = False

	cache = True

	uint = False

	ignore_missing_end = False

	checksum = False

	disable_image_compression = False

	do_not_scale_image_data = False

	ignore_blank = False

	scale_back = False








	
Path.read_fits_bintable(hdu=1, drop_nonscalar_ok=True, **kwargs)[source]

	Open as a FITS file, read in a binary table, and return it as a
pandas.DataFrame, converted with
pkwit.numutil.fits_recarray_to_data_frame(). The hdu argument
specifies which HDU to read, with its default 1 indicating the first FITS
extension. The drop_nonscalar_ok argument specifies if non-scalar table
values (which are inexpressible in pandas.DataFrame`s) should be
silently ignored (``True`) or cause a ValueError to be raised
(False). Other kwargs are passed to astropy.io.fits.open(),
(see Path.read_fits()) although the open mode is hardcoded to be
"readonly".






	
Path.read_hdf(key, **kwargs)[source]

	Open as an HDF5 file using pandas and return the item stored under
the key key. kwargs are passed to pandas.read_hdf().






	
Path.read_inifile(noexistok=False, typed=False)[source]

	Open assuming an “ini-file” format and return a generator yielding data
records using either pwkit.inifile.read_stream() (if typed is
false) or pwkit.tinifile.read_stream() (if it’s true). The latter
version is designed to work with numerical data using the pwkit.msmt
subsystem. If noexistok is true, a nonexistent file will result in no
items being generated rather than an IOError being raised.






	
Path.read_numpy_text(**kwargs)[source]

	Read this path into a numpy.ndarray as a text file using
numpy.loadtxt(). In normal conditions the returned array is
two-dimensional, with the first axis spanning the rows in the file and the
second axis columns (but see the unpack keyword). kwargs are passed to
numpy.loadtxt(); they likely are:


	dtype : data type

	The data type of the resulting array.

	comments : str

	If specific, a character indicating the start of a comment.

	delimiter : str

	The string that separates values. If unspecified, any span of whitespace works.

	converters : dict

	A dictionary mapping zero-based column number to a function that will
turn the cell text into a number.

	skiprows : int (default=0)

	Skip this many lines at the top of the file

	usecols : sequence

	Which columns keep, by number, starting at zero.

	unpack : bool (default=False)

	If true, the return value is transposed to be of shape (cols, rows).

	ndmin : int (default=0)

	The returned array will have at least this many dimensions; otherwise
mono-dimensional axes will be squeezed.








	
Path.read_pandas(format='table', **kwargs)[source]

	Read using pandas. The function pandas.read_FORMAT is called
where FORMAT is set from the argument format. kwargs are passed to
this function. Supported formats likely include clipboard, csv,
excel, fwf, gbq, html, json, msgpack, pickle,
sql, sql_query, sql_table, stata, table. Note that
hdf is not supported because it requires a non-keyword argument; see
Path.read_hdf().






	
Path.read_pickle()[source]

	Open the file, unpickle one object from it using cPickle [https://docs.python.org/library/pickle.html#module-cPickle], and return
it.






	
Path.read_pickles()[source]

	Generate a sequence of objects by opening the path and unpickling items
until EOF is reached.






	
Path.read_tabfile(tabwidth=8, mode='rt', noexistok=False, **kwargs)[source]

	Read this path as a table of typed measurements via
pwkit.tabfile.read(). Returns a generator for a sequence of
pwkit.Holder objects, one for each row in the table, with
attributes for each of the columns.


	tabwidth : int (default=8)

	The tab width to assume. Defaults to 8 and should not be changed unless
absolutely necessary.

	mode : str (default=’rt’)

	The file open mode, passed to io.open() [https://docs.python.org/library/io.html#io.open].

	noexistok : bool (default=False)

	If true, a nonexistent file will result in no items being generated, as
opposed to an IOError.

	kwargs : keywords

	Additional arguments are passed to io.open() [https://docs.python.org/library/io.html#io.open].








	
Path.relative_to(*other)

	Return this path as made relative to another path identified by other. If
this is not possible, raise ValueError.






	
Path.rellink_to(target, force=False)[source]

	Make this path a symlink pointing to the given target, generating the
proper relative path using make_relative(). This gives different
behavior than symlink_to(). For instance, Path ('a/b').symlink_to
('c') results in a/b pointing to the path c, whereas
rellink_to() results in it pointing to ../c. This can result in
broken relative paths if (continuing the example) a is a symbolic link
to a directory.

If either target or self is absolute, the symlink will point at the
absolute path to target. The intention is that if you’re trying to link
/foo/bar to bee/boo, it probably makes more sense for the link to
point to /path/to/.../bee/boo rather than ../../../../bee/boo.

If force is true, try_unlink() will be called on self before the
link is made, forcing its re-creation.






	
Path.rename(target)[source]

	Rename this path to target.






	
Path.resolve()[source]

	Make this path absolute, resolving all symlinks and normalizing.






	
Path.rglob(pattern)[source]

	Recursively yield all files and directories matching the shell glob pattern
pattern below this path.






	
Path.rmdir()[source]

	Delete this path, if it is an empty directory.






	
Path.rmtree()[source]

	Recursively delete this directory and its contents. If any errors are
encountered, they will be printed to standard error.






	
Path.scandir()[source]

	Iteratively scan this path, assuming it’s a directory. This requires and
uses the scandir module. The generated values are
scandir.DirEntry objects which have some information pre-filled.
These objects have methods inode(), is_dir(), is_file(),
is_symlink(), and stat(). They have attributes name (the
basename of the entry) and path (its full path).






	
Path.stat()[source]

	Run os.stat() [https://docs.python.org/library/os.html#os.stat] on the path and return the result.






	
Path.symlink_to(target, target_is_directory=False)[source]

	Make this path a symlink pointing to the given target.






	
Path.touch(mode=0o666, exist_ok=True)[source]

	Create a file at this path with the given mode, if needed.






	
Path.try_open(null_if_noexist=False, **kwargs)[source]

	Call Path.open() on this path (passing kwargs) and return the
result. If the file doesn’t exist, the behavior depends on
null_if_noexist. If it is false (the default), None is returned.
Otherwise, os.devnull [https://docs.python.org/library/os.html#os.devnull] is opened and returned.






	
Path.try_unlink()[source]

	Try to unlink this path. If it doesn’t exist, no error is returned. Returns
a boolean indicating whether the path was really unlinked.






	
Path.unlink()[source]

	Unlink this file or symbolic link.






	
Path.with_name(name)

	Return a new path with the file name changed.






	
Path.with_suffix(suffix)

	Return a new path with the file suffix changed, or a new suffix added if
there was none before. suffix should start with a ".".






	
Path.write_pickle(obj)[source]

	Dump obj to this path using cPickle [https://docs.python.org/library/pickle.html#module-cPickle].






	
Path.write_pickles(objs)[source]

	objs must be iterable. Write each of its values to this path in sequence
using cPickle [https://docs.python.org/library/pickle.html#module-cPickle].






	
static Path.cwd()[source]

	Returns a new path containing the absolute path of the current working
directory.








Path attributes


	
Path.anchor

	The concatenation of Path.drive and Path.root.






	
Path.drive

	The Windows or network drive of the path. The empty string on POSIX.






	
Path.name

	The final path component.






	
Path.parts

	A tuple of the path components. The path /a/b maps to ("/", "a",
"b").






	
Path.parent

	The path’s logical parent; that is, the path with the final component
removed. The parent of foo is .; the parent of . is .; the
parent of / is /.






	
Path.parents

	An immutable sequence giving the logical ancestors of the path. Given a
Path p, p.parents[0] is the same as p.parent,
p.parents[1] matches p.parent.parent, and so on. This item is of
finite size, however, so going too far (e.g. p.parents[17]) will yield
an IndexError.






	
Path.stem

	The final component without its suffix. The stem of "foo.tar.gz" is
"foo.tar".






	
Path.suffix

	The suffix of the final path component. The suffix of "foo.tar.gz" is
".gz".






	
Path.suffixes

	A list of all suffixes on the final component. The suffixes of
"foo.tar.gz" are [".tar", ".gz"].








Other functions in pwkit.io

These are generally superseded by operations on Path.


	
pwkit.io.try_open(*args, **kwargs)[source]

	Placeholder.






	
pwkit.io.words(linegen)[source]

	Placeholder.






	
pwkit.io.pathwords(path, mode='rt', noexistok=False, **kwargs)[source]

	Placeholder.






	
pwkit.io.pathlines(path, mode='rt', noexistok=False, **kwargs)[source]

	Placeholder.






	
pwkit.io.make_path_func(*baseparts)[source]

	Placeholder.






	
pwkit.io.djoin(*args)[source]

	Placeholder.






	
pwkit.io.rellink(source, dest)[source]

	Placeholder.






	
pwkit.io.ensure_dir(path, parents=False)[source]

	Placeholder.






	
pwkit.io.ensure_symlink(src, dst)[source]

	Placeholder.
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Numerical utilities (pwkit.numutil)

The numpy and scipy packages provide a whole host of routines,
but there are still some that are missing. The pwkit.numutil module
provides several useful additions:



	Making functions that auto-broadcast their arguments

	Convenience functions for statistics

	Convenience functions for pandas.DataFrame objects

	Parallelized versions of simple math algorithms

	Tophat and Step Functions







Making functions that auto-broadcast their arguments


	
@pwkit.numutil.broadcastize(n_arr, ret_spec=0, force_float=True)

	Wrap a function to automatically broadcast numpy.ndarray arguments.

It’s often desirable to write numerical utility functions in a way that’s
compatible with vectorized processing. It can be tedious to do this,
however, since the function arguments need to turned into arrays and
checked for compatible shape, and scalar values need to be special cased.

The @broadcastize decorator takes care of these matters. The decorated
function can be implemented in vectorized form under the assumption that
all array arguments have been broadcast to the same shape. The broadcasting
of inputs and (potentially) de-vectorizing of the return values are done
automatically. For instance, if you decorate a function foo(x,y) with
@numutil.broadcastize(2), you can implement it assuming that both x
and y are numpy.ndarray objects that have at least one dimension
and are both of the same shape. If the function is called with only scalar
arguments, x and y will have shape (1,) and the function’s return
value will be turned back into a scalar before reaching the caller.

The n_arr argument specifies the number of array arguments that the
function takes. These are required to be at the beginning of its argument
list.

The ret_spec argument specifies the structure of the function’s return
value.


	0 indicates that the value has the same shape as the (broadcasted)
vector arguments. If the arguments are all scalar, the return value will
be scalar too.

	1 indicates that the value is an array of higher rank than the input
arguments. For instance, if the input has shape (3,), the output
might have shape (4,4,3); in general, if the input has shape s,
the output will have shape t + s for some tuple t. If the
arguments are all scalar, the output will have a shape of just t. The
numpy.asarray() function is called on such arguments, so (for
instance) you can return a list of arrays [a, b] and it will be
converted into a numpy.ndarray.

	None indicates that the value is completely independ of the inputs. It
is returned as-is.

	A tuple t indicates that the return value is also a tuple. The
elements of the ret_spec tuple should contain the values listed above,
and each element of the return value will be handled accordingly.



The default ret_spec is 0, i.e. the return value is expected to be an
array of the same shape as the argument(s).

If force_float is true (the default), the input arrays will be converted to
floating-point types if necessary (with numpy.asfarray()) before being
passed to the function.

Example:

@numutil.broadcastize (2, ret_spec=(0, 1, None)):
def myfunction (x, y, extra_arg):
    print ('a random non-vector argument is:', extra_arg)
    z = x + y
    z[np.where (y)] *= 2
    higher_vector = [x, y, z]
    return z, higher_vector, 'hello'












Convenience functions for statistics


	
pwkit.numutil.rms(x)[source]

	Placeholder.






	
pwkit.numutil.weighted_mean(values, uncerts, **kwargs)[source]

	Placeholder.






	
pwkit.numutil.weighted_mean_df(df, **kwargs)[source]

	The same as weighted_mean(), except the argument is expected to be a
two-column pandas.DataFrame whose first column gives the data
values and second column gives their uncertainties. Returns
(weighted_mean, uncertainty_in_mean).






	
pwkit.numutil.weighted_variance(x, weights)[source]

	Placeholder.








Convenience functions for pandas.DataFrame objects


	
pwkit.numutil.reduce_data_frame(df, chunk_slicers, avg_cols=(), uavg_cols=(), minmax_cols=(), nchunk_colname=u'nchunk', uncert_prefix=u'u', min_points_per_chunk=3)[source]

	Placeholder.






	
pwkit.numutil.reduce_data_frame_evenly_with_gaps(df, valcol, target_len, maxgap, **kwargs)[source]

	Placeholder.






	
pwkit.numutil.slice_around_gaps(values, maxgap)[source]

	Placeholder.






	
pwkit.numutil.slice_evenly_with_gaps(values, target_len, maxgap)[source]

	Placeholder.






	
pwkit.numutil.dfsmooth(window, df, ucol, k=None)[source]

	Placeholder.






	
pwkit.numutil.fits_recarray_to_data_frame(recarray, drop_nonscalar_ok=True)[source]

	Convert a FITS data table, stored as a Numpy record array, into a Pandas
DataFrame object. By default, non-scalar columns are discarded, but if
drop_nonscalar_ok is False then a ValueError is raised. Column
names are lower-cased. Example:

from pwkit import io, numutil
hdu_list = io.Path ('my-table.fits').read_fits ()
# assuming the first FITS extension is a binary table:
df = numutil.fits_recarray_to_data_frame (hdu_list[1].data)





FITS data are big-endian, whereas nowadays almost everything is
little-endian. This seems to be an issue for Pandas DataFrames, where
df[['col1', 'col2']] triggers an assertion for me if the underlying
data are not native-byte-ordered. This function normalizes the read-in
data to native endianness to avoid this.

See also pwkit.io.Path.read_fits_bintable().






	
pwkit.numutil.data_frame_to_astropy_table(dataframe)[source]

	This is a backport of the Astropy method
astropy.table.table.Table.from_pandas(). It converts a Pandas
pandas.DataFrame object to an Astropy
astropy.table.Table.






	
pwkit.numutil.usmooth(window, uncerts, *data, **kwargs)[source]

	Placeholder.






	
pwkit.numutil.page_data_frame(df, pager_argv=[u'less'], **kwargs)[source]

	Render a DataFrame as text and send it to a terminal pager program (e.g.
less), so that one can browse a full table conveniently.


	df

	The DataFrame to view

	pager_argv: default ['less']

	A list of strings passed to subprocess.Popen [https://docs.python.org/library/subprocess.html#subprocess.Popen] that launches
the pager program

	kwargs

	Additional keywords are passed to pandas.DataFrame.to_string().



Returns None. Execution blocks until the pager subprocess exits.








Parallelized versions of simple math algorithms


	
pwkit.numutil.parallel_newton(func, x0, fprime=None, par_args=(), simple_args=(), tol=1.48e-8, maxiter=50, parallel=True, **kwargs)[source]

	Placeholder. A parallelized version of scipy.optimize.newton().






	
pwkit.numutil.parallel_quad(func, a, b, par_args=(), simple_args=(), parallel=True, **kwargs)[source]

	Placeholder. A parallelized version of scipy.integrate.quad().








Tophat and Step Functions


	
pwkit.numutil.unit_tophat_ee(x)[source]

	Placeholder.






	
pwkit.numutil.unit_tophat_ei(x)[source]

	Placeholder.






	
pwkit.numutil.unit_tophat_ie(x)[source]

	Placeholder.






	
pwkit.numutil.unit_tophat_ii(x)[source]

	Placeholder.






	
pwkit.numutil.make_tophat_ee(lower, upper)[source]

	Placeholder.






	
pwkit.numutil.make_tophat_ei(lower, upper)[source]

	Placeholder.






	
pwkit.numutil.make_tophat_ie(lower, upper)[source]

	Placeholder.






	
pwkit.numutil.make_tophat_ii(lower, upper)[source]

	Placeholder.






	
pwkit.numutil.make_step_lcont(transition)[source]

	Placeholder.






	
pwkit.numutil.make_step_rcont(transition)[source]

	Placeholder.
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Framework for easy parallelized processing (pwkit.parallel)

parallel - Tools for parallel processing.

Functions:


	make_parallel_helper

	Return an object that sets up parallel computations.



See the make_parallel_helper() documentation for more details, but in short:

from pwkit.parallel import make_parallel_helper

def my_parallelizable_function (arg1, arg1, parallel=True):
    phelp = make_parallel_helper (parallel)
    ...

    with phelp.get_map () as map:
       results1 = map (my_subfunc1, subargs1)
       ...
       results2 = map (my_subfunc2, subargs2)

    ... do stuff with results1 and results2 ...





Setting parallel=True will use all cores. parallel=0.5 will use about half
your machine. parallel=False will use serial processing. The helper must be
used as a context manager (the “with” statement) because the parallel
computation may involve creating and destroying heavyweight resources (namely,
child processes).

Along with standard map, ParallelHelper instances support a
“partially-Pickling” map-like function ppmap that works around
Pickle-related limitations in the multiprocessing library. See the docs for
pwkit.parallel.serial_ppmap for usage information.


	
pwkit.parallel.make_parallel_helper(parallel_arg, **kwargs)[source]

	Return a ParallelHelper object that can be used for easy parallelization
of computations. parallel_arg is an object that lets the caller easily
specify the kind of parallelization they are interested in. Allowed values
are:


	False

	Serial processing only.

	True

	Parallel processing using all available cores.

	1

	Equivalent to False.

	(other positive integer)

	Parallel processing using the specified number of cores.

	x, 0 < x < 1

	Parallel processing using about (x*N) cores,
where N is the total number of cores in the
system. Note that the meanings of 0.99 and
1 as arguments are very different.

	(ParallelHelper instance)

	Returns the instance.



The **kwargs are passed on to the appropriate ParallelHelper constructor,
if the caller wants to do something tricky.

Expected usage is:

from pwkit.parallel import make_parallel_helper

def sub_operation (arg):
    ... do some computation ...
    return result

def my_parallelizable_function (arg1, arg2, parallel=True):
    phelp = make_parallel_helper (parallel)

    with phelp.get_map () as map:
        op_results = map (sub_operation, args)

    ... reduce "op_results" in some way ...
    return final_result





This means that my_parallelizable_function doesn’t have to worry about
all of the various fancy things the caller might want to do in terms of
special parallel magic.

Note that sub_operation above must be defined in a stand-alone fashion
because of the way Python’s multiprocessing module works. This can be
worked around somewhat with the special get_ppmap variant. This returns
a “partially-Pickling” map operation – with a different calling signature
– that allows un-Pickle-able values to be used. See the documentation for
pwkit.parallel.serial_ppmap for usage information.
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Quick enumerations of constant values (pwkit.simpleenum)

The pwkit.simpleenum module contains a single decorator function for
creating “enumerations”, by which we mean a group of named, un-modifiable
values. For example:

from pwkit.simpleenum import enumeration

@enumeration
class Constants (object):
  period_days = 2.771
  period_hours = period_days * 24
  n_iters = 300
  # etc

def myfunction ():
  print ('the period is', Constants.period_hours, 'hours')





The class declaration syntax is handy here because it lets you define new
values in relation to old values. In the above example, you cannot change any
of the properties of Constants once it is constructed.


Important

If you populate an enumeration with a mutable data type,
however, we’re unable to prevent you from modifying it. For instance, if
you do this:

@enumeration
class Dangerous (object):
  mutable = [1, 2]
  immutable = (1, 2)





You can then do something like write Dangerous.mutable.append (3) and
modify the value stored in the enumeration. If you’re concerned about this,
make sure to populate the enumeration with immutable classes such as
tuple, frozenset [https://docs.python.org/library/stdtypes.html#frozenset], int [https://docs.python.org/library/functions.html#int], and so on.




	
pwkit.simpleenum.enumeration(cls)[source]

	A very simple decorator for creating enumerations. Unlike Python 3.4
enumerations, this just gives a way to use a class declaration to create
an immutable object containing only the values specified in the class.

If the attribute __pickle_compat__ is set to True in the decorated
class, the resulting enumeration value will be callable such that
EnumClass(x) = x. This is needed to unpickle enumeration values that
were previously implemented using enum.Enum.
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Scientific Algorithms

This documentation has a lot of stubs.



	Basic astronomical calculations (pwkit.astutil)
	Useful Constants

	Sexagesimal Notation

	Working with Angles

	Simple Operations on 2D Gaussians

	Basic Astrometry





	File-format-agnostic loading of astronomical images (pwkit.astimage)

	The Bayesian Blocks algorithm (pwkit.bblocks)

	Constants in CGS units (pwkit.cgs)

	Representations of and computations with ellipses (pwkit.ellipses)

	Modeling sources in images (pwkit.immodel)

	Bayesian confidence intervals for count rates (pwkit.kbn_conf)

	Nonlinear least-squares minimization with Levenberg-Marquardt (pwkit.lmmin)

	Fitting generic models with least-squares minimization (pwkit.lsqmdl)

	Math with uncertain and censored measurements (pwkit.msmt)

	Period-finding with Phase Dispersion Minimization (pwkit.pdm)

	Loading the outputs of PHOENIX atmospheric models (pwkit.phoenix)

	Flux density models of radio calibrators (pwkit.radio_cal_models)

	Synthetic photometry (pwkit.synphot)
	Example

	Conventions

	References





	Scaling relations for physical properties of ultra-cool dwarfs (pwkit.ucd_physics)
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Basic astronomical calculations (pwkit.astutil)

This module collects many utilities for performing basic astronomical calculations, including:



	Useful Constants

	Sexagesimal Notation

	Working with Angles

	Simple Operations on 2D Gaussians

	Basic Astrometry







Useful Constants


	
pwkit.astutil.pi

	Placeholder.






	
pwkit.astutil.twopi

	Placeholder.






	
pwkit.astutil.halfpi

	Placeholder.






	
pwkit.astutil.R2A

	Placeholder.






	
pwkit.astutil.A2R

	Placeholder.






	
pwkit.astutil.R2D

	Placeholder.






	
pwkit.astutil.D2R

	Placeholder.






	
pwkit.astutil.R2H

	Placeholder.






	
pwkit.astutil.H2R

	Placeholder.






	
pwkit.astutil.F2S

	Placeholder.






	
pwkit.astutil.S2F

	Placeholder.






	
pwkit.astutil.J2000

	Placeholder.








Sexagesimal Notation


	
pwkit.astutil.fmthours(radians, norm='wrap', precision=3, seps='::')[source]

	Placeholder.






	
pwkit.astutil.fmtdeglon(radians, norm='wrap', precision=2, seps='::')[source]

	Placeholder.






	
pwkit.astutil.fmtdeglat(radians, norm='raise', precision=2, seps='::')[source]

	Placeholder.






	
pwkit.astutil.fmtradec(rarad, decrad, precision=2, raseps='::', decseps='::', intersep=' ')[source]

	Placeholder.






	
pwkit.astutil.parsehours(hrstr)[source]

	Placeholder.






	
pwkit.astutil.parsedeglat(latstr)[source]

	Placeholder.






	
pwkit.astutil.parsedeglon(lonstr)[source]

	Placeholder.








Working with Angles


	
pwkit.astutil.angcen(a)

	Placeholder.






	
pwkit.astutil.orientcen(a)

	Placeholder.






	
pwkit.astutil.sphdist(lat1, lon1, lat2, lon2)[source]

	Placeholder.






	
pwkit.astutil.sphbear(lat1, lon1, lat2, lon2, tol=1e-15)[source]

	Placeholder.






	
pwkit.astutil.sphofs(lat1, lon1, r, pa, tol=1e-2, rmax=None)[source]

	Placeholder.






	
pwkit.astutil.parang(hourangle, declination, latitude)[source]

	Placeholder.








Simple Operations on 2D Gaussians


	
pwkit.astutil.gaussian_convolve(maj1, min1, pa1, maj2, min2, pa2)[source]

	Placeholder.






	
pwkit.astutil.gaussian_deconvolve(smaj, smin, spa, bmaj, bmin, bpa)[source]

	Placeholder.








Basic Astrometry


	
pwkit.astutil.get_2mass_epoch(tmra, tmdec, debug=False)[source]

	Placeholder.






	
pwkit.astutil.get_simbad_astrometry_info(ident, items=..., debug=False)[source]

	Placeholder.






	
class pwkit.astutil.AstrometryInfo(simbadident=None, **kwargs)[source]

	Placeholder.






	
AstrometryInfo.verify(complain=True)[source]

	Placeholder.






	
AstrometryInfo.predict(mjd, complain=True, n=20000)[source]

	Placeholder.






	
AstrometryInfo.prin_prediction(ptup)

	Placeholder.






	
AstrometryInfo.fill_from_simbad(ident, debug=False)[source]

	Placeholder.
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File-format-agnostic loading of astronomical images (pwkit.astimage)

pwkit.astimage – generic loading of (radio) astronomical images

Use open (path, mode) to open an astronomical image, regardless of its file
format.

The emphasis of this module is on getting 90%-good-enough semantics and a
really, genuinely, uniform interface. This can be tough to achieve.


	
class pwkit.astimage.AstroImage(path, mode)[source]

	An astronomical image.


	path

	The filesystem path of the image.

	mode

	Its access mode: ‘r’ for read, ‘rw’ for read/write.

	shape

	The data shape, like numpy.ndarray.shape.

	bmaj

	If not None, the restoring beam FWHM major axis in radians.

	bmin

	If not None, the restoring beam FWHM minor axis in radians.

	bpa

	If not None, the restoring beam position angle (east from celestial
north) in radians.

	units

	Lower-case string describing image units (e.g., jy/beam, jy/pixel).
Not standardized between formats.

	pclat

	Latitude (usually dec) of the pointing center in radians.

	pclon

	Longitude (usually RA) of the pointing center in radians.

	charfreq

	Characteristic observing frequency of the image in GHz.

	mjd

	Mean MJD of the observations.

	axdescs

	If not None, list of strings describing the axis types.
Not standardized.

	size

	The number of pixels in the image (=shape.prod ()).



Methods:


	close

	Close the image.

	read

	Read all of the data.

	write

	Rewrite all of the data.

	toworld

	Convert pixel coordinates to world coordinates.

	topixel

	Convert world coordinates to pixel coordinates.

	simple

	Convert to a 2D lat/lon image.

	subimage

	Extract a sub-cube of the image.

	save_copy

	Save a copy of the image.

	save_as_fits

	Save a copy of the image in FITS format.

	delete

	Delete the on-disk image.




	
subimage(pixofs, shape)[source]

	Extract a sub-cube of this image.

Both pixofs and shape should be integer arrays with as many
elements as this image has axes. Thinking of this operation as taking
a Python slice of an N-dimensional cube, the i’th axis of the
sub-image is slices from pixofs[i] to pixofs[i] + shape[i].










	
class pwkit.astimage.MIRIADImage(path, mode)[source]

	A MIRIAD format image. Requires the mirtask module from miriad-python.






	
class pwkit.astimage.PyrapImage(path, mode)[source]

	A CASA-format image loaded with the ‘pyrap’ Python module.






	
class pwkit.astimage.FITSImage(path, mode)[source]

	A FITS format image.






	
class pwkit.astimage.SimpleImage(parent)[source]

	A 2D, latitude/longitude image, referenced to a parent image.
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The Bayesian Blocks algorithm (pwkit.bblocks)

pwkit.bblocks - Bayesian Blocks analysis, with a few extensions.

Bayesian Blocks analysis for the “time tagged” case described by Scargle+
2013. Inspired by the bayesian_blocks implementation by Jake Vanderplas in the
AstroML package, but that turned out to have some limitations.

We have iterative determination of the best number of blocks (using an ad-hoc
routine described in Scargle+ 2013) and bootstrap-based determination of
uncertainties on the block heights (ditto).

Functions are:


	bin_bblock()

	Bayesian Blocks analysis with counts and bins.

	tt_bblock()

	BB analysis of time-tagged events.

	bs_tt_bblock()

	Like tt_bblock() with bootstrap-based uncertainty assessment. NOTE:
the uncertainties are not very reliable!




	
pwkit.bblocks.bin_bblock(widths, counts, p0=0.05)[source]

	Fundamental Bayesian Blocks algorithm. Arguments:

widths  - Array of consecutive cell widths.
counts  - Array of numbers of counts in each cell.
p0=0.05 - Probability of preferring solutions with additional bins.

Returns a Holder with:

blockstarts - Start times of output blocks.
counts      - Number of events in each output block.
finalp0     - Final value of p0, after iteration to minimize nblocks.
nblocks     - Number of output blocks.
ncells      - Number of input cells/bins.
origp0      - Original value of p0.
rates       - Event rate associated with each block.
widths      - Width of each output block.






	
pwkit.bblocks.tt_bblock(tstarts, tstops, times, p0=0.05)[source]

	Bayesian Blocks for time-tagged events. Arguments:

tstarts  - Array of input bin start times.
tstops   - Array of input bin stop times.
times    - Array of event arrival times.
p0=0.05  - Probability of preferring solutions with additional bins.

Returns a Holder with:

blockstarts - Start times of output blocks.
counts      - Number of events in each output block.
finalp0     - Final value of p0, after iteration to minimize nblocks.
ledges      - Times of left edges of output blocks.
midpoints   - Times of midpoints of output blocks.
nblocks     - Number of output blocks.
ncells      - Number of input cells/bins.
origp0      - Original value of p0.
rates       - Event rate associated with each block.
redges      - Times of right edges of output blocks.
widths      - Width of each output block.

Bin start/stop times are best derived from a 1D Voronoi tesselation of the
event arrival times, with some kind of global observation start/stop time
setting the extreme edges.






	
pwkit.bblocks.bs_tt_bblock(times, tstarts, tstops, p0=0.05, nbootstrap=512)[source]

	Bayesian Blocks for time-tagged events with bootstrapping uncertainty
assessment. THE UNCERTAINTIES ARE NOT VERY GOOD! Arguments:

tstarts        - Array of input bin start times.
tstops         - Array of input bin stop times.
times          - Array of event arrival times.
p0=0.05        - Probability of preferring solutions with additional bins.
nbootstrap=512 - Number of bootstrap runs to perform.

Returns a Holder with:

blockstarts - Start times of output blocks.
bsrates     - Mean event rate in each bin from bootstrap analysis.
bsrstds     - ~Uncertainty: stddev of event rate in each bin from bootstrap analysis.
counts      - Number of events in each output block.
finalp0     - Final value of p0, after iteration to minimize nblocks.
ledges      - Times of left edges of output blocks.
midpoints   - Times of midpoints of output blocks.
nblocks     - Number of output blocks.
ncells      - Number of input cells/bins.
origp0      - Original value of p0.
rates       - Event rate associated with each block.
redges      - Times of right edges of output blocks.
widths      - Width of each output block.
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Constants in CGS units (pwkit.cgs)

pwkit.cgs - Physical constants in CGS.

Specifically, ESU-CGS im which the electron charge is measured in esu ≡
Franklin ≡ statcoulomb.

a0       - Bohr radius [cm]
alpha    - Fine structure constant [ø]
arad     - Radiation constant [erg/cm³/K⁴]
aupercm  - AU per cm
c        - Speed of light [cm/s]
cgsperjy - [erg/s/cm²/Hz] per Jy
cmperau  - cm per AU
cmperpc  - cm per parsec
conjaaev - eV/Angstrom conjugation factor: AA = conjaaev / eV [Å·eV]
e        - electron charge [esu]
ergperev - erg per eV
euler    - Euler’s constant (2.71828...) [ø]
evpererg - eV per erg
G        - Gravitational constant [cm³/g/s²]
h        - Planck’s constant [erg s]
hbar     - Reduced Planck’s constant [erg·s]
jypercgs - Jy per [erg/s/cm²/Hz]
k        - Boltzmann’s constant [erg/K]
lsun     - Luminosity of the Sun [erg/s]
me       - Mass of the electron [g]
mearth   - Mass of the Earth [g]
mjup     - Mass of Jupiter [g]
mp       - Mass of the proton [g]
msun     - Mass of the Sun [g]
mu_e     - Magnetic moment of the electron [esu·cm²/s]
pcpercm  - parsec per cm
pi       - Pi [ø]
r_e      - Classical radius of the electron [cm]
rearth   - Radius of the earth [cm]
rjup     - Radius of Jupiter [cm]
rsun     - Radius of the Sun [cm]
ryd1     - Rydberg energy [erg]
sigma    - Stefan-Boltzmann constant [erg/s/K⁴]
sigma_T  - Thomson cross section of the electron [cm²]
spersyr  - Seconds per sidereal year
syrpers  - Sidereal years per second
tsun     - Effective temperature of the Sun [K]

Functions:

blambda  - Planck function (Hz, K) -> erg/s/cm²/Hz/sr.
bnu      - Planck function (cm, K) -> erg/s/cm²/cm/sr.
exp      - Numpy exp() function.
log      - Numpy log() function.
log10    - Numpy log10() function.
sqrt     - Numpy sqrt() function.

For reference: the esu has dimensions of g^(1/2) cm^(3/2) s^-1. Electric and
magnetic field have g^(1/2) cm^(-1/2) s^-1. [esu * field] = dyne.
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Representations of and computations with ellipses (pwkit.ellipses)

pwkit.ellipses - utilities for manipulating 2D Gaussians and ellipses

XXXXXXX
XXX this code is in an incomplete state of being vectorized!!!
XXXXXXX

Useful for sources and bivariate error distributions. We can express the shape
of the function in several ways, which have different strengths and
weaknesses:


	“biv”, as in Gaussian bivariate: sigma x, sigma y, cov(x,y)

	“ell”, as in ellipse: major, minor, PA [*]

	“abc”: coefficients such that z = exp (ax² + bxy + cy²)



[*] Any slice through a 2D Gaussian is an ellipse. Ours is defined such it is
the same as a Gaussian bivariate when major = minor.

Note that when considering astronomical position angles, conventionally
defined as East from North, the Dec/lat axis should be considered the X axis
and the RA/long axis should be considered the Y axis.

NOTE: Pineau et al 2011A&A...527A.126P has some relevant equations, including
ones for computing the overlap of two error ellipses, which is something I’ve
had trouble figuring out in the past.


	
pwkit.ellipses.sigmascale(nsigma)[source]

	Say we take a Gaussian bivariate and convert the parameters of the
distribution to an ellipse (major, minor, PA). By what factor should we
scale those axes to make the area of the ellipse correspond to the n-sigma
confidence interval?

Negative or zero values result in NaN.






	
pwkit.ellipses.clscale(cl)[source]

	Say we take a Gaussian bivariate and convert the parameters of the
distribution to an ellipse (major, minor, PA). By what factor should we
scale those axes to make the area of the ellipse correspond to the
confidence interval CL? (I.e. 0 < CL < 1)






	
pwkit.ellipses.bivell(sx, sy, cxy)[source]

	Given the parameters of a Gaussian bivariate distribution, compute the
parameters for the equivalent 2D Gaussian in ellipse form (major, minor,
pa).

Inputs:


	sx: standard deviation (not variance) of x var

	sy: standard deviation (not variance) of y var

	cxy: covariance (not correlation coefficient) of x and y



Outputs:


	mjr: major axis of equivalent 2D Gaussian (sigma, not FWHM)

	mnr: minor axis

	pa: position angle, rotating from +x to +y



Lots of sanity-checking because it’s obnoxiously easy to have numerics
that just barely blow up on you.






	
pwkit.ellipses.bivnorm(sx, sy, cxy)[source]

	Given the parameters of a Gaussian bivariate distribution, compute the
correct normalization for the equivalent 2D Gaussian. It’s 1 / (2 pi sqrt
(sx**2 sy**2 - cxy**2). This function adds a lot of sanity checking.

Inputs:


	sx: standard deviation (not variance) of x var

	sy: standard deviation (not variance) of y var

	cxy: covariance (not correlation coefficient) of x and y



Returns: the scalar normalization






	
pwkit.ellipses.bivabc(sx, sy, cxy)[source]

	Compute nontrivial parameters for evaluating a bivariate distribution
as a 2D Gaussian. Inputs:


	sx: standard deviation (not variance) of x var

	sy: standard deviation (not variance) of y var

	cxy: covariance (not correlation coefficient) of x and y



Returns: (a, b, c), where z = k exp (ax² + bxy + cy²)

The proper value for k can be obtained from bivnorm().






	
pwkit.ellipses.databiv(xy, coordouter=False, **kwargs)[source]

	Compute the main parameters of a bivariate distribution from data. The
parameters are returned in the same format as used in the rest of this
module.


	xy: a 2D data array of shape (2, nsamp) or (nsamp, 2)

	coordouter: if True, the coordinate axis is the outer axis; i.e.
the shape is (2, nsamp). Otherwise, the coordinate axis is the
inner axis; i.e. shape is (nsamp, 2).



Returns: (sx, sy, cxy)

In both cases, the first slice along the coordinate axis gives the X data
(i.e., xy[0] or xy[:,0]) and the second slice gives the Y data (xy[1] or
xy[:,1]).






	
pwkit.ellipses.bivrandom(x0, y0, sx, sy, cxy, size=None)[source]

	Compute random values distributed according to the specified bivariate
distribution.

Inputs:


	x0: the center of the x distribution (i.e. its intended mean)

	y0: the center of the y distribution

	sx: standard deviation (not variance) of x var

	sy: standard deviation (not variance) of y var

	cxy: covariance (not correlation coefficient) of x and y

	size (optional): the number of values to compute




	Returns: array of shape (size, 2); or just (2, ), if size was not

	specified.



The bivariate parameters of the generated data are approximately
recoverable by calling ‘databiv(retval)’.






	
pwkit.ellipses.ellpoint(mjr, mnr, pa, th)[source]

	Compute a point on an ellipse parametrically. Inputs:


	mjr: major axis (sigma not FWHM) of the ellipse

	mnr: minor axis (sigma not FWHM) of the ellipse

	pa: position angle (from +x to +y) of the ellipse, radians

	th: the parameter, 0 <= th < 2pi: the eccentric anomaly



Returns: (x, y)

th may be a vector, in which case x and y will be as well.






	
pwkit.ellipses.elld2(x0, y0, mjr, mnr, pa, x, y)[source]

	Given an 2D Gaussian expressed as an ellipse (major, minor, pa), compute a
“squared distance parameter” such that


z = exp (-0.5 * d2)


Inputs:


	x0: position of Gaussian center on x axis

	y0: position of Gaussian center on y axis

	mjr: major axis (sigma not FWHM) of the Gaussian

	mnr: minor axis (sigma not FWHM) of the Gaussian

	pa: position angle (from +x to +y) of the Gaussian, radians

	x: x coordinates of the locations for which to evaluate d2

	y: y coordinates of the locations for which to evaluate d2



Returns: d2, distance parameter defined as above.

x0, y0, mjr, and mnr may be in any units so long as they’re consistent. x
and y may be arrays (of the same shape), in which case d2 will be an array
as well.






	
pwkit.ellipses.ellbiv(mjr, mnr, pa)[source]

	Given a 2D Gaussian expressed as an ellipse (major, minor, pa), compute the
equivalent parameters for a Gaussian bivariate distribution. We assume
that the ellipse is normalized so that the functions evaluate identicall
for major = minor.

Inputs:


	mjr: major axis (sigma not FWHM) of the Gaussian

	mnr: minor axis (sigma not FWHM) of the Gaussian

	pa: position angle (from +x to +y) of the Gaussian, radians



Returns:


	sx: standard deviation (not variance) of x var

	sy: standard deviation (not variance) of y var

	cxy: covariance (not correlation coefficient) of x and y








	
pwkit.ellipses.ellabc(mjr, mnr, pa)[source]

	Given a 2D Gaussian expressed as an ellipse (major, minor, pa), compute the
nontrivial parameters for its evaluation.


	mjr: major axis (sigma not FWHM) of the Gaussian

	mnr: minor axis (sigma not FWHM) of the Gaussian

	pa: position angle (from +x to +y) of the Gaussian, radians



Returns: (a, b, c), where z = exp (ax² + bxy + cy²)






	
pwkit.ellipses.ellplot(mjr, mnr, pa)[source]

	Utility for debugging.






	
pwkit.ellipses.abcell(a, b, c)[source]

	Given the nontrivial parameters for evaluation a 2D Gaussian as a
polynomial, compute the equivalent ellipse parameters (major, minor, pa)

Inputs: (a, b, c), where z = exp (ax² + bxy + cy²)

Returns:


	mjr: major axis (sigma not FWHM) of the Gaussian

	mnr: minor axis (sigma not FWHM) of the Gaussian

	pa: position angle (from +x to +y) of the Gaussian, radians








	
pwkit.ellipses.abcd2(x0, y0, a, b, c, x, y)[source]

	Given an 2D Gaussian expressed as the ABC polynomial coefficients, compute
a “squared distance parameter” such that


z = exp (-0.5 * d2)


Inputs:


	x0: position of Gaussian center on x axis

	y0: position of Gaussian center on y axis

	a: such that z = exp (ax² + bxy + cy²)

	b: see above

	c: see above

	x: x coordinates of the locations for which to evaluate d2

	y: y coordinates of the locations for which to evaluate d2



Returns: d2, distance parameter defined as above.

This is pretty trivial.
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Modeling sources in images (pwkit.immodel)

pwkit.immodel - Analytical modeling of astronomical images.

This is derived from copl/pylib/bgfit.py and copl/bin/imsrcdebug. I keep on
wanting this code so I should put it somewhere more generic. Such as here.
Also, given the history, there are a lot more bells and whistles in the code
than the currently exposed UI really needs.
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Bayesian confidence intervals for count rates (pwkit.kbn_conf)

pwkit.kbn_conf - calculate Poisson-like confidence intervals assuming a background

This module implements the Bayesian confidence intervals for Poisson processes
in a background using the approach described in Kraft, Burrows, & Nousek
(1991). That paper provides tables of values; this module can calculate
intervals for arbitrary inputs. Requires scipy.

This implementation almost directly transcribes the equations. We do, however,
work in log-gamma space to try to avoid overflows with large values of N or B.

Functions:

kbn_conf     - Compute a single confidence limit.
vec_kbn_conf - Vectorized version of kbn_conf.

TODO: tests!


	
pwkit.kbn_conf.kbn_conf(N, B, CL)[source]

	Given a (integer) number of observed Poisson events N and a (real)
expected number of background events B and a confidence limit CL
(between 0 and 1), return the confidence interval on the source event
rate.

Returns: (Smin, Smax)

This interval is calculated using the Bayesian formalism of Kraft, Burrows, &
Nousek (1991), which assumes no uncertainty in B and returns the smallest
possible interval that satisfies the above properties.

Example: in a certain time interval, 3 events were recorded. Based on
external knowledge, it is expected that on average 0.5 background events will
be recorded in the same interval. The 95% confidence interval on the source
event rate is

>>> kbn_conf.kbn_conf (3, 0.5, 0.95)
<<< (0.22156, 7.40188)





which agrees with the entry in Table 2 of KBN91.

Reference info: 1991ApJ...374..344K, doi:10.1086/170124
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Nonlinear least-squares minimization with Levenberg-Marquardt (pwkit.lmmin)

pwkit.lmmin - Pythonic, Numpy-based Levenberg-Marquardt least-squares minimizer

Basic usage:

from pwkit.lmmin import Problem, ResidualProblem

def yfunc (params, vals):
    vals[:] = {stuff with params}
def jfunc (params, jac):
    jac[i,j] = {deriv of val[j] w.r.t. params[i]}
    # i.e. jac[i] = {deriv of val wrt params[i]}

p = Problem (npar, nout, yfunc, jfunc=None)
solution = p.solve (guess)

p2 = Problem ()
p2.set_npar (npar) # enables configuration of parameter meta-info
p2.set_func (nout, yfunc, jfunc)





Main Solution properties:


prob   - The Problem.
status - Set of strings; presence of ‘ftol’, ‘gtol’, or ‘xtol’ suggests success.
params - Final parameter values.
perror - 1σ uncertainties on params.
covar  - Covariance matrix of parameters.
fnorm  - Final norm of function output.
fvec   - Final vector of function outputs.
fjac   - Final Jacobian matrix of d(fvec)/d(params).


Automatic least-squares model-fitting (subtracts “observed” Y values and
multiplies by inverse errors):



	def yrfunc (params, modelyvalues):

	modelyvalues[:] = {stuff with params}

	def yjfunc (params, modelyjac):

	jac[i,j] = {deriv of modelyvalue[j] w.r.t. params[i]}



p.set_residual_func (yobs, errinv, yrfunc, jrfunc, reckless=False)
p = ResidualProblem (npar, yobs, errinv, yrfunc, jrfunc=None, reckless=False)




Parameter meta-information:


p.p_value (paramindex, value, fixed=False)
p.p_limit (paramindex, lower=-inf, upper=+inf)
p.p_step (paramindex, stepsize, maxstep=info, isrel=False)
p.p_side (paramindex, sidedness) # one of ‘auto’, ‘pos’, ‘neg’, ‘two’
p.p_tie (paramindex, tiefunc) # pval = tiefunc (params)


solve() status codes:

Solution.status is a set of strings. The presence of a string in the
set means that the specified condition was active when the iteration
terminated. Multiple conditions may contribute to ending the
iteration. The algorithm likely did not converge correctly if none of
‘ftol’, ‘xtol’, or ‘gtol’ are in status upon termination.


	‘ftol’ (MINPACK/MPFIT equiv: 1, 3)

	“Termination occurs when both the actual and predicted relative
reductions in the sum of squares are at most FTOL. Therefore, FTOL
measures the relative error desired in the sum of squares.”

	‘xtol’ (MINPACK/MPFIT equiv: 2, 3)

	“Termination occurs when the relative error between two consecutive
iterates is at most XTOL. Therefore, XTOL measures the relative
error desired in the approximate solution.”

	‘gtol’ (MINPACK/MPFIT equiv: 4)

	“Termination occurs when the cosine of the angle between fvec and
any column of the jacobian is at most GTOL in absolute
value. Therefore, GTOL measures the orthogonality desired between
the function vector and the columns of the jacobian.”

	‘maxiter’ (MINPACK/MPFIT equiv: 5)

	Number of iterations exceeds maxiter.

	‘feps’ (MINPACK/MPFIT equiv: 6)

	“ftol is too small. no further reduction in the sum of squares is
possible.”

	‘xeps’ (MINPACK/MPFIT equiv: 7)

	“xtol is too small. no further improvement in the approximate
solution x is possible.”

	‘geps’ (MINPACK/MPFIT equiv: 8)

	“gtol is too small. fvec is orthogonal to the columns of the jacobian
to machine precision.”



(This docstring contains only usage information. For important
information regarding provenance, license, and academic references,
see comments in the module source code.)


	
class pwkit.lmmin.Problem(npar=None, nout=None, yfunc=None, jfunc=None, solclass=<class 'pwkit.lmmin.Solution'>)[source]

	A Levenberg-Marquardt problem to be solved. Attributes:


	damp

	Tanh damping factor of extreme function values.

	debug_calls

	If true, information about function calls is printed.

	debug_jac

	If true, information about jacobian calls is printed.

	diag

	Scale factors for parameter derivatives, used to condition
the problem.

	epsilon

	The floating-point epsilon value, used to determine step
sizes in automatic Jacobian computation.

	factor

	The step bound is factor times the initial value times diag.

	ftol

	The relative error desired in the sum of squares.

	gtol

	The orthogonality desired between the function vector and
the columns of the Jacobian.

	maxiter

	The maximum number of iterations allowed.

	normfunc

	A function to compute the norm of a vector.

	solclass

	A factory for Solution instances.

	xtol

	The relative error desired in the approximate solution.



Methods:


	copy

	Duplicate this Problem.

	get_ndof

	Get the number of degrees of freedom in the problem.

	get_nfree

	Get the number of free parameters (fixed/tied/etc pars are not free).

	p_value

	Set the initial or fixed value of a parameter.

	p_limit

	Set limits on parameter values.

	p_step

	Set the stepsize for a parameter.

	p_side

	Set the sidedness with which auto-derivatives are computed for a par.

	p_tie

	Set a parameter to be a function of other parameters.

	set_func

	Set the function to be optimized.

	set_npar

	Set the number of parameters; allows p_* to be called.

	set_residual_func

	Set the function to a standard model-fitting style.

	solve

	Run the algorithm.

	solve_scipy

	Run the algorithm using the Scipy implementation (for testing).




	
p_side(idx, sidedness)[source]

	Acceptable values for sidedness are “auto”, “pos”,
“neg”, and “two”.










	
class pwkit.lmmin.Solution(prob)[source]

	A parameter solution from the Levenberg-Marquard algorithm. Attributes:

ndof   - The number of degrees of freedom in the problem.
prob   - The Problem.
status - A set of strings indicating which stop condition(s) arose.
niter  - The number of iterations needed to obtain the solution.
perror - The 1σ errors on the final parameters.
params - The final best-fit parameters.
covar  - The covariance of the function parameters.
fnorm  - The final function norm.
fvec   - The final function outputs.
fjac   - The final Jacobian.
nfev   - The number of function evaluations needed to obtain the solution.
njev   - The number of Jacobian evaluations needed to obtain the solution.

The presence of ‘ftol’, ‘gtol’, or ‘xtol’ in status suggests success.









          

      

      

    


    
         Copyright 2015, Peter K. G. Williams and collaborators.
      Created using Sphinx 1.3.1.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	pwkit 0.6.99 documentation 

          	Scientific Algorithms 
 
      

    


    
      
          
            
  
Fitting generic models with least-squares minimization (pwkit.lsqmdl)

pwkit.lsqmdl - model data with least-squares fitting

Classes:

Model                  - Modeling with any function using Levenberg-Marquardt.
Parameter              - Information about a specific model parameter.
PolynomialModel        - Modeling with polynomials.
ScaleModel             - Modeling with a single scale factor.
ComposedModel          - Modeling with combinations of pluggable components.

ModelComponent         - Base class for ComposedModel components.
AddConstantComponent   - Adds a single value to all data points.
AddValuesComponent     - Adds a parameter for every data point.
AddPolynomialComponent - Adds a polynomial.
SeriesComponent        - Apply a set of subcomponents in series.
MatMultComponent       - Combine subcomponents in a matrix multiplication.
ScaleComponent         - Multiplies the data by a single value.

Usage:

m = Model (func, data, [invsigma], [args]).solve (guess).print_soln ()
    # func takes (p1, p2, p3[, *args]) and returns model data
m = PolynomialModel (maxexponent, x, data, [invsigma]).solve ().plot ()
m = ScaleModel (x, data, [invsigma]).solve ().show_cov ()
    # data = m*x





The invsigma are inverse sigmas, NOT inverse variances (the usual
statistical weights). Since most applications deal in sigmas, take care to
write:

m = Model (func, data, 1./uncerts) # right!





not:

m = Model (func, data, uncerts) # WRONG





If you have zero uncertainty on a measurement, too bad.


	
class pwkit.lsqmdl.PolynomialModel(maxexponent, x, data, invsigma=None)[source]

	Least-squares polynomial fit.

Because this is a very specialized kind of problem, we don’t need an
initial guess to solve, and we can use fast built-in numerical routines.

The output parameters are named “a0”, “a1”, ... and are stored in that
order in PolynomialModel.params[]. We have y = sum(x**i * a[i]), so
“a2” = “params[2]” is the quadratic term, etc.

This model does not give uncertainties on the derived coefficients. The
as_nonlinear() method can be use to get a Model instance with
uncertainties.

Methods:

as_nonlinear - Return a (lmmin-based) Model equivalent to self.


	
as_nonlinear(params=None)[source]

	Return a Model equivalent to this object. The nonlinear solver is less
efficient, but lets you freeze parameters, compute uncertainties, etc.

If the params argument is provided, solve() will be called on the
returned object with those parameters. If it is None and this object
has parameters in self.params, those will be use. Otherwise, solve()
will not be called on the returned object.










	
class pwkit.lsqmdl.ScaleModel(x, data, invsigma=None)[source]

	Solve data = m * x for m.
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Math with uncertain and censored measurements (pwkit.msmt)

pwkit.msmt - Working with uncertain measurements.

Classes:

Uval       - An empirical uncertain value represented by numerical samples.
LimitError - Raised on illegal operations on upper/lower limits.
Lval       - Container for either precise values or upper/lower limits.
Textual    - A measurement recorded in textual form.

Generic unary functions on measurements:

absolute   - abs(x)
arccos     - As named.
arcsin     - As named.
arctan     - As named.
cos        - As named.
errinfo    - Get (limtype, repval, plus_1_sigma, minus_1_sigma)
expm1      - exp(x) - 1
exp        - As named.
fmtinfo    - Get (typetag, text, is_imprecise) for textual round-tripping.
isfinite   - True if the value is well-defined and finite.
liminfo    - Get (limtype, repval)
limtype    - -1 if the datum is an upper limit; 1 if lower; 0 otherwise.
log10      - As named.
log1p      - log (1+x)
log2       - As named.
log        - As named.
negative   - -x
reciprocal - 1/x
repval     - Get a “representative” value if x (in case it is uncertain).
sin        - As named.
sqrt       - As named.
square     - x**2
tan        - As named.
unwrap     - Get a version of x on which algebra can be performed.

Generic binary mathematical-ish functions:

add         - x + y
divide      - x / y; floor-integer division should be respected but usually isn’t.
multiply    - x * y
power       - x ** y
subtract    - x - y
true_divide - x / y, never with floor-integer division
typealign   - Return (x*, y*) cast to same algebra-friendly type: float, Uval, or Lval.

Miscellaneous functions:

is_measurement       - Check whether an object is numerical
find_gamma_params    - Compute reasonable Γ distribution parameters given mode/stddev.
pk_scoreatpercentile - Simplified version of scipy.stats.scoreatpercentile.
sample_double_norm   - Sample from a quasi-normal distribution with asymmetric variances.
sample_gamma         - Sample from a Γ distribution with α/β parametrization.

Variables:

lval_unary_math            - Dict of unary math functions operating on Lvals.
parsers                    - Dict of type tag to parsing functions.
scalar_unary_math          - Dict of unary math functions operating on scalars.
textual_unary_math         - Dict of unary math functions operating on Textuals.
UQUANT_UNCERT              - Scale of uncertainty assumed for in cases where it’s unquantified.
uval_default_repval_method - Default method for computing Uval representative values.
uval_dtype                 - The Numpy dtype of Uval data (often ignored!)
uval_nsamples              - Number of samples used when constructing Uvals
uval_unary_math            - Dict of unary math functions operating on Uvals.


	
class pwkit.msmt.Lval(kind, value)[source]

	A container for either precise values or upper/lower limits. Constructed as
Lval (kind, value), where kind is "exact", "uncertain",
"toinf", "tozero", "pastzero", or "undef". Most easily
constructed via Textual.parse(). Can also be constructed with
Lval.from_other().

Supported operations are
unicode() str() repr() -(neg) abs() + - * / ** += -= *= /= **=.






	
class pwkit.msmt.Textual(tkind, dkind, data)[source]

	A measurement recorded in textual form.

Textual.from_exact (text, tkind=’none’) - text is passed to float()
Textual.parse (text, tkind=’none’)      - text as described below.

Transformation kinds are ‘none’, ‘log10’, or ‘positive’. Expressions for
values take the form ‘1.234’, ‘<2’, ‘>3’, ‘~7’, ‘6to8’, ‘7pm0.1’, or
‘12p1m0.3’.

Methods:

unparse()              - Return parsed text (but not tkind!)
unwrap()               - Express as float/Uval/Lval as appropriate.
repval(limitsok=False) - Get single scalar “representative” value.
limtype()              - -1 if upper limit; +1 if lower; 0 otherwise.

Supported operations: unicode() str() repr() [latexification] -(neg) abs()
+ - * / **


	
limtype()[source]

	Return -1 if this value is an upper limit, 1 if it is a lower
limit, 0 otherwise.






	
repval(limitsok=False)[source]

	Get a best-effort representative value as a float. This can be
DANGEROUS because it discards limit information, which is rarely wise.










	
class pwkit.msmt.Uval(data)[source]

	An empirical uncertain value, represented by samples.

Constructors are:


	Uval.from_other()

	Uval.from_fixed()

	Uval.from_norm()

	Uval.from_unif()

	Uval.from_double_norm()

	Uval.from_gamma()

	Uval.from_pcount()



Key methods are:


	repvals()

	text_pieces()

	format()

	debug_distribution()



Supported operations are:
unicode() str() repr() [latexification] + -(sub) * // / % ** += -= *= //= %= /= **= -(neg) ~ abs()


	
static from_pcount(nevents)[source]

	We assume a Poisson process. nevents is the number of events in
some interval. The distribution of values is the distribution of the
Poisson rate parameter given this observed number of events, where the
“rate” is in units of events per interval of the same duration. The
max-likelihood value is nevents, but the mean value is nevents + 1.
The gamma distribution is obtained by assuming an improper, uniform
prior for the rate between 0 and infinity.






	
repvals(method)[source]

	Compute representative statistical values for this Uval. method
may be either ‘pct’ or ‘gauss’.

Returns (best, plus_one_sigma, minus_one_sigma), where best is the
“best” value in some sense, and the others correspond to values at
the ~84 and 16 percentile limits, respectively. Because of the
sampled nature of the Uval system, there is no single method to
compute these numbers.

The “pct” method returns the 50th, 15.866th, and 84.134th percentile
values.

The “gauss” method computes the mean μ and standard deviation σ of the
samples and returns [μ, μ+σ, μ-σ].






	
text_pieces(method, uplaces=2)[source]

	Return (main, dhigh, dlow, sharedexponent), all as strings. The
delta terms do not have sign indicators. Any item except the first
may be None.

method is passed to Uval.repvals() to compute representative
statistical limits.










	
pwkit.msmt.errinfo(msmt)[source]

	Return (limtype, repval, errval1, errval2). Like m_liminfo, but also
provides error bar information for values that have it.






	
pwkit.msmt.fmtinfo(value)[source]

	Returns (typetag, text, is_imprecise). Unlike other functions that operate
on measurements, this also operates on bools, ints, and strings.






	
pwkit.msmt.liminfo(msmt)[source]

	Return (limtype, repval). limtype is -1 for upper limits, 1 for lower
limits, and 0 otherwise; repval is a best-effort representative scalar value
for this measurement.






	
pwkit.msmt.limtype(msmt)[source]

	Return -1 if this value is some kind of upper limit, 1 if this value
is some kind of lower limit, 0 otherwise.






	
pwkit.msmt.repval(msmt, limitsok=False)[source]

	Get a best-effort representative value as a float. This is DANGEROUS
because it discards limit information, which is rarely wise. m_liminfo()
or m_unwrap() are recommended instead.






	
pwkit.msmt.unwrap(msmt)[source]

	Convert the value into the most basic representation that we can do
math on: float if possible, then Uval, then Lval.






	
pwkit.msmt.find_gamma_params(mode, std)[source]

	Given a modal value and a standard deviation, compute corresponding
parameters for the gamma distribution.

Intended to be used to replace normal distributions when the value must be
positive and the uncertainty is comparable to the best value. Conversion
equations determined from the relations given in the sample_gamma()
docs.






	
pwkit.msmt.sample_double_norm(mean, std_upper, std_lower, size)[source]

	Note that this function requires Scipy.






	
pwkit.msmt.sample_gamma(alpha, beta, size)[source]

	This is mostly about recording the conversion between Numpy/Scipy
conventions and Wikipedia conventions. Some equations:

mean = alpha / beta
variance = alpha / beta**2
mode = (alpha - 1) / beta [if alpha > 1; otherwise undefined]
skewness = 2 / sqrt (alpha)






	
pwkit.msmt.UQUANT_UNCERT = 0.2

	Some values are known to be uncertain, but their uncertainties have not been
quantified. This is lame but it happens. In this case, assume a 20%
uncertainty.

We could infer uncertainties from the number of written digits: i.e., assuming
“1.2” is uncertain by 0.05 or so, while “1.2000” is uncertain by 0.00005 or
so. But there are many cases in astronomy where people just list values that
are 20% uncertain and give them to multiple decimal places. I’d rather be
conservative with these values than overly optimistic.

Code to do the appropriate parsing is in the Python uncertainties package, in
its __init__.py:parse_error_in_parentheses().






	
pwkit.msmt.uval_dtype

	alias of float64
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Period-finding with Phase Dispersion Minimization (pwkit.pdm)

pwkit.pdm - period-finding with phase dispersion minimization

As defined in Stellingwerf (1978ApJ...224..953S). See the update in
Schwarzenberg-Czerny (1997ApJ...489..941S), however, which corrects the
significance test formally; Linnell Nemec & Nemec (1985AJ.....90.2317L)
provide a Monte Carlo approach. Also, Stellingwerf has developed “PDM2” which
attempts to improve a few aspects; see


	Stellingwerf’s page [http://www.stellingwerf.com/rfs-bin/index.cgi?action=PageView&id=29]

	The Wikipedia article [http://en.wikipedia.org/wiki/Phase_dispersion_minimization]




	
class pwkit.pdm.PDMResult(thetas, imin, pmin, mc_tmins, mc_pvalue, mc_pmins, mc_puncert)

	
	
imin

	Alias for field number 1






	
mc_pmins

	Alias for field number 5






	
mc_puncert

	Alias for field number 6






	
mc_pvalue

	Alias for field number 4






	
mc_tmins

	Alias for field number 3






	
pmin

	Alias for field number 2






	
thetas

	Alias for field number 0










	
pwkit.pdm.pdm(t, x, u, periods, nbin, nshift=8, nsmc=256, numc=256, weights=False, parallel=True)[source]

	Perform phase dispersion minimization.


	t : 1D array

	time coordinate

	x : 1D array, same size as t

	observed value

	u : 1D array, same size as t

	uncertainty on observed value; same units as x

	periods : 1D array

	set of candidate periods to sample; same units as t

	nbin : int

	number of phase bins to construct

	nshift : int=8

	number of shifted binnings to sample to combact statistical flukes

	nsmc : int=256

	number of Monte Carlo shufflings to compute, to evaluate the
significance of the minimal theta value.

	numc : int=256

	number of Monte Carlo added-noise datasets to compute, to evaluate
the uncertainty in the location of the minimal theta value.

	weights : bool=False

	if True, ‘u’ is actually weights, not uncertainties.
Usually weights = u**-2.

	parallel : default True

	Controls parallelization of the algorithm. Default
uses all available cores. See pwkit.parallel.make_parallel_helper.



Returns named tuple of:


	thetas : 1D array

	values of theta statistic, same size as periods

	imin

	index of smallest (best) value in thetas

	pmin

	the period value with the smallest (best) theta

	mc_tmins

	1D array of size nsmc with Monte Carlo samplings of minimal
theta values for shufflings of the data; assesses significance of the peak

	mc_pvalue

	probability (between 0 and 1) of obtaining the best theta value
in a randomly-shuffled dataset

	mc_pmins

	1D array of size numc with Monte Carlo samplings of best
period values for noise-added data; assesses uncertainty of pmin

	mc_puncert

	standard deviation of mc_pmins; approximate uncertainty
on pmin.



We don’t do anything clever, so runtime scales at least as
t.size * periods.size * nbin * nshift * (nsmc + numc + 1).
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Loading the outputs of PHOENIX atmospheric models (pwkit.phoenix)

pwkit.phoenix - Working with Phoenix atmospheric models.

Functions:


	load_spectrum - Load a model spectrum into a Pandas DataFrame.



Requires Pandas.

Individual data files for the BT-Settl models are about 120 MB, and there are
a million variations, so we do not consider bundling them with pwkit.
Therefore, we can safely expect that the model will be accessible as a path on
the filesystem.

Current BT-Settl models may be downloaded from a SPECTRA directory within the
BT-Settl download site [http://phoenix.ens-lyon.fr/Grids/BT-Settl/] (see the
README). E.g.:

http://phoenix.ens-lyon.fr/Grids/BT-Settl/CIFIST2011bc/SPECTRA/





File names are generally:

lte{Teff/100}-{Logg}{[M/H]}a[alpha/H].GRIDNAME.spec.7.[gz|bz2|xz]





The first three columns are wavelength in Å, log10(F_λ), and log10(B_λ), where
the latter is the blackbody flux for the given Teff. The fluxes can nominally
be converted into absolute units with an offset of 8 in log space, but I doubt
that can be trusted much. Subsequent columns are related to various spectral
lines. See http://phoenix.ens-lyon.fr/Grids/FORMAT .

The files do not come sorted!


	
pwkit.phoenix.load_spectrum(path, smoothing=181)[source]

	Load a Phoenix model atmosphere spectrum.


	path : string

	The file path to load.

	smoothing : integer

	Smoothing to apply. If None, do not smooth. If an integer, smooth with a
Hamming window. Otherwise, the variable is assumed to be a different
smoothing window, and the data will be convolved with it.



Returns a Pandas DataFrame containing the columns:


	wlen

	Sample wavelength in Angstrom.

	flam

	Flux density in erg/cm²/s/Å. See pwkit.synphot for related tools.



Loading takes about 5 seconds on my current laptop. Un-smoothed spectra
have about 630,000 samples.
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Flux density models of radio calibrators (pwkit.radio_cal_models)

pwkit.radio_cal_models - models of radio calibrator flux densities.

From the command line:

python -m pwkit.radio_cal_models [-f] <source> <freq[mhz]>
python -m pwkit.radio_cal_models [-f] CasA     <freq[mhz]> <year>





Print the flux density of the specified calibrator at the specified frequency,
in Janskys.

Arguments:


	<source>

	the source name (e.g., 3c348)

	<freq>

	the observing frequency in MHz (e.g., 1420)

	<year>

	is the decimal year of the observation (e.g., 2007.8).
Only needed if <source> is CasA.

	-f

	activates “flux” mode, where a three-item string is
printed that can be passed to MIRIAD tasks that accept a
model flux and spectral index argument.




	
pwkit.radio_cal_models.cas_a(freq_mhz, year)[source]

	Return the flux of Cas A given a frequency and the year of observation.
Based on the formula given in Baars et al., 1977.

Parameters:

freq - Observation frequency in MHz.
year - Year of observation. May be floating-point.

Returns: s, flux in Jy.






	
pwkit.radio_cal_models.init_cas_a(year)[source]

	Insert an entry for Cas A into the table of models. Need to specify the
year of the observations to account for the time variation of Cas A’s
emission.
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Synthetic photometry (pwkit.synphot)

pwkit.synphot - Synthetic photometry and database of instrumental bandpasses.

The basic structure is that we have a registry of bandpass info. You can use
it to create Bandpass objects that can perform various calculations,
especially the computation of synthetic photometry given a spectral model.
Some key attributes of each bandpass are pre-computed so that certain
operations can be done without needing to load the actual bandpass profile
(though so far none of these profiles are very large at all).

Classes:

AlreadyDefinedError - Raised when re-registering bandpass info.
Bandpass            - Performs standard computations given a bandpass profile.
NotDefinedError     - Raised when needed bandpass info is unavailable.
Registry            - A registry of known bandpass profiles.

Functions:

get_std_registry - Retrieve a Registry pre-filled with builtin telescope info.
(unlisted)       - Various internal utilities may be useful for reference.

Variables:

builtin_registrars - Hashtable of functions to register the builtin telescopes.


Example

from pwkit import synphot as ps, cgs as pc, msmt as pm
reg = ps.get_std_registry ()
print (reg.telescopes ()) # list known telescopes
print (reg.bands (‘2MASS’)) # list known 2MASS bands
bp = reg.get (‘2MASS’, ‘Ks’)
mag = 12.83
mjy = pm.repval (bp.mag_to_fnu (mag) * pc.jypercgs * 1e3)
print (‘%.2f mag is %.2f mjy in 2MASS/Ks’ % (mag, mjy))




Conventions

It is very important to maintain consistent conventions throughout.

Wavelengths are measured in angstroms. Flux densities are either
per-wavelength (f_λ, “flam”) or per-frequency (f_ν, “fnu”). These are measured
in units of erg/s/cm²/Å and erg/s/cm²/Hz, respectively. Janskys can be
converted to f_ν by multiplying by cgs.cgsperjy. f_ν’s and f_λ’s can be
interconverted for a given filter if you know its “pivot wavelength”. Some of
the routines below show how to calculate this and do the conversion. “AB
magnitudes” can be directly converted to Janskys and, thus, f_ν’s.

Filter bandpasses can be expressed in two conventions: either “equal-energy”
(EE) or “quantum-efficiency” (QE). The former gives the response per unit
energy across the band, while the latter gives the response per photon. The EE
convention can be integrated directly against a model spectrum, so we store
all bandpasses internally in this convention. CCDs are photon-counting devices
and so their response curves are generally expressed in the QE convention.
Interconversion is easy: EE = QE * λ.

We don’t expect any particular normalization of bandpass response curves.

The “width” of a bandpass is not a well-defined quantity, but is often needed
for display purposes or approximate calculations. We use the locations of the
half-maximum points (in the EE convention) to define the band edges.

This module requires Scipy and Pandas. It doesn’t reeeeallllly need Pandas but
it’s convenient.




References


	Casagrande & VandenBerg (2014; arxiv:1407.6095) has a lot of good stuff; see

	also references therein.



References for specific bandpasses are given in their implementation
docstrings.


	
class pwkit.synphot.Bandpass[source]

	Computations regarding a particular filter bandpass.

Functions:

calc_halfmax_points   - Calculate the wavelengths of the filter half-maximum values.
calc_pivot_wavelength - Calculate the filter’s pivot wavelength.
halfmax_points        - Get the filter half-maximum points (calculated if not cached).
jy_to_flam            - Convert Jy in this filter to a f_λ.
mag_to_flam           - Convert a magnitude in this filter to a f_λ.
mag_to_fnu            - Convert a magnitude in this filter to a f_ν.
pivot_wavelength      - Get the filter’s pivot wavelength (calculated if not cached).
synphot               - Compute synthetic photometry given a model spectrum.

Attributes:

band             - The name of this bandpass’ associated band.
native_flux_kind - Which kind of flux this bandpass is calibrated to: ‘flam’, ‘fnu’, or ‘none’.
registry         - This object’s parent Registry instance.
telescope        - The name of this bandpass’ associated telescope.

The underlying bandpass shape is assumed to be sampled at discrete points.
It is stored in _data and loaded on-demand. The object is a Pandas
DataFrame containing at least the columns ‘wlen’ and ‘resp’. The former
holds the wavelengths of the sample points, in Ångström and in ascending
order. The latter gives the response curve in the EE convention. No
particular normalization is assumed. Other columns may be present but are
not used generically.


	
calc_pivot_wavelength()[source]

	Compute and return the bandpass’ pivot wavelength.

This value is computed directly from the bandpass data, not looked up
in the Registry. Most of the values in the Registry were in fact
derived from this function originally.






	
halfmax_points()[source]

	Get the bandpass’ half-maximum wavelengths. These can be used to
compute a representative bandwidth, or for display purposes.

Unlike calc_halfmax_points(), this function will use a cached value if
available.






	
jy_to_flam(jy)[source]

	Convert a f_ν flux density measured in Janskys to a f_λ flux density.

This conversion is bandpass-dependent because it depends on the pivot
wavelength of the bandpass used to measure the flux density.






	
mag_to_flam(mag)[source]

	Convert a magnitude in this band to a f_λ flux density.

It is assumed that the magnitude has been computed in the appropriate
photometric system. The definition of “appropriate” will vary from
case to case.






	
mag_to_fnu(mag)[source]

	Convert a magnitude in this band to a f_ν flux density.

It is assumed that the magnitude has been computed in the appropriate
photometric system. The definition of “appropriate” will vary from
case to case.






	
pivot_wavelength()[source]

	Get the bandpass’ pivot wavelength.

Unlike calc_pivot_wavelength(), this function will use a cached
value if available.






	
synphot(wlen, flam)[source]

	wlen and flam give a tabulated model spectrum in wavelength and f_λ
units. We interpolate linearly over both the model and the bandpass
since they’re both discretely sampled.

Note that quadratic interpolation is both much slower and can blow up
fatally in some cases. The latter issue might have to do with really large
X values that aren’t zero-centered, maybe?

I used to use the quadrature integrator, but Romberg doesn’t issue
complaints the way quadrature did. I should probably acquire some idea
about what’s going on under the hood.










	
class pwkit.synphot.Registry[source]

	A registry of known bandpass properties.

Methods:

bands                     - Return a list of bands associated with a telescope.
get                       - Get a Bandpass object for a known telescope and filter.
register_bpass            - Register a Bandpass class.
register_halfmaxes        - Register precomputed half-max points.
register_pivot_wavelength - Register precomputed pivot wavelengths.
telescopes                - Return a list of telescopes known to this registry.


	
bands(telescope)[source]

	Return a list of bands associated with the specified telescope.






	
telescopes()[source]

	Return a list of telescopes known to this registry.










	
pwkit.synphot.get_std_registry()[source]

	Get a Registry object pre-filled with information for standard
telescopes.
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Scaling relations for physical properties of ultra-cool dwarfs (pwkit.ucd_physics)

pwkit.ucd_physics - Physical calculations for (ultra)cool dwarfs.

These functions generally implement various nontrivial physical relations
published in the literature. See docstrings for references.

Functions:


	bcj_from_spt

	J-band bolometric correction from SpT.

	bck_from_spt

	K-band bolometric correction from SpT.

	load_bcah98_mass_radius

	Load Baraffe+ 1998 mass/radius data.

	mass_from_j

	Mass from absolute J magnitude.

	mk_radius_from_mass_bcah98

	Radius from mass, using BCAH98 models.

	tauc_from_mass

	Convective turnover time from mass.




	
pwkit.ucd_physics.bcj_from_spt(spt)[source]

	Calculate a bolometric correction constant for a J band magnitude based on
a spectral type, using the fit of Wilking+ (1999AJ....117..469W).

spt - Numerical spectral type. M0=0, M9=9, L0=10, ...

Returns: the correction bcj such that m_bol = j_abs + bcj, or NaN if
spt is out of range.

Valid values of spt are between 0 and 10.






	
pwkit.ucd_physics.bck_from_spt(spt)[source]

	Calculate a bolometric correction constant for a J band magnitude based on
a spectral type, using the fits of Wilking+ (1999AJ....117..469W), Dahn+
(2002AJ....124.1170D), and Nakajima+ (2004ApJ...607..499N).

spt - Numerical spectral type. M0=0, M9=9, L0=10, ...

Returns: the correction bck such that m_bol = k_abs + bck, or NaN if
spt is out of range.

Valid values of spt are between 2 and 30.






	
pwkit.ucd_physics.load_bcah98_mass_radius(tablelines, metallicity=0, heliumfrac=0.275, age_gyr=5.0, age_tol=0.05)[source]

	Load mass and radius from the main data table for the famous models of
Baraffe+ (1998A&A...337..403B).


	tablelines

	An iterable yielding lines from the table data file.
I’ve named the file ‘1998A&A...337..403B_tbl1-3.dat’
in some repositories (it’s about 150K, not too bad).

	metallicity

	The metallicity of the model to select.

	heliumfrac

	The helium fraction of the model to select.

	age_gyr

	The age of the model to select, in Gyr.

	age_tol

	The tolerance on the matched age, in Gyr.



Returns: (mass, radius), where both are Numpy arrays.

The ages in the data table vary slightly at fixed metallicity and helium
fraction. Therefore, there needs to be a tolerance parameter for matching
the age.






	
pwkit.ucd_physics.mass_from_j(j_abs)[source]

	Estimate mass in cgs from absolute J magnitude, using the relationship of
Delfosse+ (2000A&A...364..217D).

j_abs - The absolute J magnitude.

Returns: the estimated mass in grams.

If j_abs > 11, a fixed result of 0.1 Msun is returned. Values of j_abs <
5.5 are illegal and get NaN. There is a discontinuity in the relation at
j_abs = 11, which yields 0.0824 Msun.






	
pwkit.ucd_physics.mk_radius_from_mass_bcah98(*args, **kwargs)[source]

	Create a function that maps (sub)stellar mass to radius, based on the
famous models of Baraffe+ (1998A&A...337..403B).


	tablelines

	An iterable yielding lines from the table data file.
I’ve named the file ‘1998A&A...337..403B_tbl1-3.dat’
in some repositories (it’s about 150K, not too bad).

	metallicity

	The metallicity of the model to select.

	heliumfrac

	The helium fraction of the model to select.

	age_gyr

	The age of the model to select, in Gyr.

	age_tol

	The tolerance on the matched age, in Gyr.



Returns: a function mtor(mass_g), return a radius in cm as a function of a
mass in grams. The mass must be between 0.05 and 0.7 Msun.

The ages in the data table vary slightly at fixed metallicity and helium
fraction. Therefore, there needs to be a tolerance parameter for matching
the age.

This function requires Scipy.






	
pwkit.ucd_physics.tauc_from_mass(mass_g)[source]

	Estimate the convective turnover time from mass, using the method described
in Cook+ (2014ApJ...785...10C).

mass_g - UCD mass in grams.

Returns: the convective turnover timescale in seconds.

Masses larger than 1.3 Msun are out of range and yield NaN. If the mass is
<0.1 Msun, the turnover time is fixed at 70 days.

The Cook method was inspired by the description in McLean+
(2012ApJ...746...23M). It is a hybrid of the method described in Reiners &
Basri (2010ApJ...710..924R) and the data shown in Kiraga & Stepien
(2007AcA....57..149K). However, this version imposes the 70-day cutoff in
terms of mass, not spectral type, so that it is entirely defined in terms
of a single quantity.

There are discontinuities between the different break points! Any future
use should tweak the coefficients to make everything smooth.
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Command-line tools

This documentation has a lot of stubs.



	Quick astronomical calculations (astrotool)

	Quick operations on astronomical images (pwkit.cli.imtool)

	Single-command compilation of LaTeX documents (latexdriver)

	Wrap the output of a sub-program with extra information (wrapout)
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Quick astronomical calculations (astrotool)

pwkit.cli.astrotool - the ‘astrotool’ program.
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Quick operations on astronomical images (pwkit.cli.imtool)

pwkit.cli.imtool - the ‘imtool’ program.
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Single-command compilation of LaTeX documents (latexdriver)

pwkit.cli.latexdriver - the ‘latexdriver’ program.

This used to be a nice little shell script, but for portability it’s better to
do this in Python.
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Wrap the output of a sub-program with extra information (wrapout)

pwkit.cli.wrapout - the ‘wrapout’ program.
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Data Visualization

This documentation has a lot of stubs.



	Mapping arbitrary data to color scales (pwkit.colormaps)

	Tracing contours (pwkit.contours)

	Utilities for data visualization (pwkit.data_gui_helpers)

	Easy visualization of matrices with GTK+ version 2 (pwkit.ndshow_gtk2)

	Easy visualization of matrices with GTK+ version 3 (pwkit.ndshow_gtk3)
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Mapping arbitrary data to color scales (pwkit.colormaps)

pwkit.colormaps – tools to conver arrays of real-valued data to other
formats (usually, RGB24) for visualization.

TODO: “heated body” map.

The main interface is the factory_map dictionary from colormap names to
factory functions. base_factory_names lists the names of a set of color
maps. Additional ones are available with the suffixes “_reverse” and “_sqrt”
that apply the relevant transforms.

The factory functions return another function, the “mapper”. Each mapper takes
a single argument, an array of values between 0 and 1, and returns the mapped
colors. If the input array has shape S, the returned value has a shape (S +
(3, )), with mapped[...,0] being the R values, between 0 and 1, etc.

Example:


data = np.array ([<things between 0 and 1>])
mapper = factory_map[‘cubehelix_blue’]()
rgb = mapper (data)
green_values = rgb[:,1]
last_rgb = rgb[-1]


The basic colormap names are:



	moreland_bluered

	Divergent colormap from intense blue (at 0) to intense red (at 1),
passing through white

	cubehelix_dagreen

	From black to white through rainbow colors

	cubehelix_blue

	From black to white, with blue hues

	pkgw

	From black to red, through purplish

	black_to_white, black_to_red, black_to_green, black_to_blue

	From black to the named colors.

	white_to_black, white_to_red, white_to_green, white_to_blue

	From white to the named colors.






The mappers can also take keyword arguments, including at least “transform”,
which specifies simple transforms that can be applied to the colormaps. These
are (in terms of symbolic constants and literal string values):


‘none’    - No transform (the default)
‘reverse’ - x -> 1 - x (reverses the colormap)
‘sqrt’    - x -> sqrt (x)


For each transform other than “none”, factory_map contains an entry with an
underscore and the transform name applied (e.g., “pkgw_reverse”) that has that
transform applied.

The initial inspiration was an implementation of the ideas in “Diverging Color
Maps for Scientific Visualization (Expanded)”, Kenneth Moreland,

http://www.cs.unm.edu/~kmorel/documents/ColorMaps/index.html

I’ve realized that I’m not too fond of the white mid-values in these color
maps in many cases. So I also added an implementation of the “cube helix”
color map, described by D. A. Green in

“A colour scheme for the display of astronomical intensity images”
http://adsabs.harvard.edu/abs/2011BASI...39..289G
(D. A. Green, 2011 Bull. Ast. Soc. of India, 39 289)

I made up the pkgw map myself (who’d have guessed?).
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Tracing contours (pwkit.contours)

pwkit.contours - Tracing contours in functions and data.

Uses my own homebrew algorithm. So far, it’s only tested on extremely
well-behaved functions, so probably doesn’t cope well with poorly-behaved
ones.


	
pwkit.contours.analytic_2d(f, df, x0, y0, maxiters=5000, defeta=0.05, netastep=12, vtol1=0.001, vtol2=1e-08, maxnewt=20, dorder=7, goright=False)[source]

	Sample a contour in a 2D analytic function. Arguments:


	f

	A function, mapping (x, y) -> z.

	df

	The partial derivative: df (x, y) -> [dz/dx, dz/dy]. If None,
the derivative of f is approximated numerically with
scipy.derivative.

	x0

	Initial x value. Should be of “typical” size for the problem;
avoid 0.

	y0

	Initial y value. Should be of “typical” size for the problem;
avoid 0.



Optional arguments:


	maxiters

	Maximum number of points to create. Default 5000.

	defeta

	Initially offset by distances of defeta*[df/dx, df/dy]
Default 0.05.

	netastep

	Number of steps between defeta and the machine resolution
in which we test eta values for goodness. (OMG FIXME doc).
Default 12.

	vtol1

	Tolerance for constancy in the value of the function in the
initial offset step. The value is only allowed to vary by
f(x0,y0) * vtol1. Default 1e-3.

	vtol2

	Tolerance for constancy in the value of the function in the
along the contour. The value is only allowed to vary by
f(x0,y0) * vtol2. Default 1e-8.

	maxnewt

	Maximum number of Newton’s method steps to take when
attempting to hone in on the desired function value. Default 20.

	dorder

	Number of function evaluations to perform when evaluating
the derivative of f numerically. Must be an odd integer greater
than 1. Default 7.

	goright

	If True, trace the contour rightward (as looking uphill),
rather than leftward (the default).
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Utilities for data visualization (pwkit.data_gui_helpers)

pwkit.data_gui_helpers - helpers for GUIs looking at data arrays

Classes:

Clipper      - Map data into [0,1]
ColorMapper  - Map data onto RGB colors using pwkit.colormaps
Stretcher    - Map data within [0,1] using a stretch like sqrt, etc.

Functions:

data_to_argb32       - Turn arbitrary data values into ARGB32 colors.
data_to_imagesurface - Turn arbitrary data values into a Cairo ImageSurface.


	
pwkit.data_gui_helpers.data_to_argb32(data, cmin=None, cmax=None, stretch=u'linear', cmap=u'black_to_blue')[source]

	Turn arbitrary data values into ARGB32 colors.

There are three steps to this process: clipping the data values to a
maximum and minimum; stretching the spacing between those values; and
converting their amplitudes into colors with some kind of color map.


	data    - Input data; can (and should) be a MaskedArray if some values are

	invalid.

	cmin    - The data clip minimum; all values <= cmin are treated

	identically. If None (the default), data.min () is used.

	cmax    - The data clip maximum; all values >= cmax are treated

	identically. If None (the default), data.max () is used.

	stretch - The stretch function name; ‘linear’, ‘sqrt’, or ‘square’; see

	the Stretcher class.

	cmap    - The color map name; defaults to ‘black_to_blue’. See the

	pwkit.colormaps module for more choices.



Returns a Numpy array of the same shape as data with dtype np.uint32,
which represents the ARGB32 colorized version of the data. If your
colormap is restricted to a single R or G or B channel, you can make color
images by bitwise-or’ing together different such arrays.






	
class pwkit.data_gui_helpers.Stretcher(mode)[source]

	Assumes that its inputs are in [0, 1]. Maps its outputs to the same
range.
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Easy visualization of matrices with GTK+ version 2 (pwkit.ndshow_gtk2)

pwkit.ndshow_gtk2 - visualize data arrays with the Gtk+2 toolkit.

Functions:

view     - Show a GUI visualizing a 2D array.
cycle    - Show a GUI cycling through planes of a 3D array.

Classes:

Viewport - A GtkDrawingArea that renders a portion of an array.
Viewer   - A GUI window for visualizing a 2D array.
Cycler   - A GUI window for cycling through planes of a 3D array.

UI features of the viewport:


	click-drag to pan

	scrollwheel to zoom in/out (Ctrl to do so more aggressively)

	(Shift to change color scale adjustment sensitivity)

	double-click to recenter

	shift-click-drag to adjust color scale (prototype)



Added by the toplevel window viewer:


	Ctrl-A to autoscale data to fit window

	Ctrl-E to center the data in the window

	Ctrl-F to fullscreen the window

	Escape to un-fullscreen it

	Ctrl-W to close the window

	Ctrl-1 to set scale to unity

	Ctrl-S to save the data to “data.png” under the current rendering options
(but not zoomed to the current view of the data).



Added by cycler:


	Ctrl-K to move to next plane

	Ctrl-J to move to previous plane

	Ctrl-C to toggle automatic cycling
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Easy visualization of matrices with GTK+ version 3 (pwkit.ndshow_gtk3)

pwkit.ndshow_gtk3 - visualize data arrays with the Gtk+3 toolkit.

Functions:

view     - Show a GUI visualizing a 2D array.
cycle    - Show a GUI cycling through planes of a 3D array.

Classes:

Viewport - A GtkDrawingArea that renders a portion of an array.
Viewer   - A GUI window for visualizing a 2D array.
Cycler   - A GUI window for cycling through planes of a 3D array.

UI features of the viewport:


	click-drag to pan

	scrollwheel to zoom in/out (Ctrl to do so more aggressively)
(Shift to change color scale adjustment sensitivity)

	double-click to recenter

	shift-click-drag to adjust color scale (prototype)



Added by the toplevel window viewer:


	Ctrl-A to autoscale data to fit window

	Ctrl-E to center the data in the window

	Ctrl-F to fullscreen the window

	Escape to un-fullscreen it

	Ctrl-W to close the window

	Ctrl-1 to set scale to unity

	Ctrl-S to save the data to “data.png” under the current rendering options
(but not zoomed to the current view of the data).



Added by cycler:


	Ctrl-K to move to next plane

	Ctrl-J to move to previous plane

	Ctrl-C to toggle automatic cycling
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Data input and output

This documentation has a lot of stubs.



	Streaming output from other programs (pwkit.slurp)
	Slurper reference





	A simple “ini” file format (pwkit.inifile)

	Outputting data in LaTeX format (pwkit.latex)
	Classes

	Functions

	Helpers for TableBuilder





	Reading and writing data tables with types and uncertainties (pwkit.tabfile)

	An “ini” file format with typed, uncertain data (pwkit.tinifile)

	Converting Unicode to LaTeX notation (pwkit.unicode_to_latex)
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Streaming output from other programs (pwkit.slurp)

The pwkit.slurp module makes it convenient to read output generated by
other programs. This is accomplished with a context-manager class known as
Slurper, which is built on top of the standard
subprocess.Popen [https://docs.python.org/library/subprocess.html#subprocess.Popen] module.

The chief advantage of Slurper above subprocess.Popen [https://docs.python.org/library/subprocess.html#subprocess.Popen] is
that it provides convenient, streaming access to subprogram output,
maintaining the distinction between “stdout” (standard output, written to file
descriptor #1) and “stderr” (standard error, written to file descriptor #2).
It can also forward signals to the child program.

Standard usage might look like:

from pwkit import slurp
argv = ['cat', '/etc/passwd']

with slurp.Slurper (argv, linebreak=True) as slurper:
    for etype, data in slurper:
        if etype == 'stdout':
            print ('got line:', data)

print ('exit code was:', slurper.proc.returncode)





Slurper is a context manager to ensure that the child process is
always cleaned up. Within the context manager body, you should iterate over
the Slurper instance to get a series of “event” 2-tuples consisting
of a Unicode string giving the event type, and the event data. Most, but not
all, events have to do with receiving data over the stdout or stderr pipes.
The events are:








	Event type
	Event data
	Description




	"stdout"
	The output
	Data were received from the subprogram’s standard output.


	"stderr"
	The output
	Data were received from the subprogram’s standard error.


	"forwarded-signal"
	The signal number
	This process received a signal and forwarded it to the child.


	"timeout"
	None
	No data were received from the child within a fixed timeout.





The data provided on the "stdout" and "stderr" events follow the usual
Python patterns for EOF. Namely, when either of those pipes is closed by the
subprocess, a final event is sent in which the data payload has zero length.
(It may be either a bytes object or a Unicode string depending on whether
decoding is enabled; see below.)


Warning

It is important to realize that programs that use the standard C
I/O routines, such as Python programs, buffer their output by default. The
pwkit.slurp module may appear to be having problems while really the
child program is batching up its output and writing it all at once. This
can be surprising because the default behavior is line-buffered when
stdout is connected to a TTY (as when you run programs in your
terminal), but buffered in large blocks when connected to a pipe (as when
using this module). On systems built on glibc, you can control this by
using the stdbuf program to launch your subprogram with different
buffering options. To run the command foo bar with both stdout and
stderr buffered at the line level, run stdbuf -oL -eL foo bar. To
disable buffering on both streams, run stdbuf -o0 -e0 foo bar.




	
class pwkit.slurp.Slurper(argv=None, env=None, cwd=None, propagate_signals=True, timeout=10, linebreak=False, encoding=None, stdin=slurp.Redirection.DevNull, stdout=slurp.Redirection.Pipe, stderr=slurp.Redirection.Pipe, executable=None)[source]

	Construct a context manager used to read output from a subprogram. argv
is used to launch the subprogram using subprocess.Popen [https://docs.python.org/library/subprocess.html#subprocess.Popen] with the
shell keyword set to False. env, cwd, executable, stdin,
stdout, and stderr are forwarded to the subprocess.Popen [https://docs.python.org/library/subprocess.html#subprocess.Popen]
constructor as well.

Regarding the redirection parameters stdin, stdout, and stderr, the
constants in the Redirection object gives more user-friendly names
to the analogues provided by the subprocess [https://docs.python.org/library/subprocess.html#module-subprocess] module, with the
addition of a Redirection.DevNull option emulating behavior added
in Python 3. Otherwise these values are passed to subprocess.Popen [https://docs.python.org/library/subprocess.html#subprocess.Popen]
verbatim, so you can use anyting that subprocess.Popen [https://docs.python.org/library/subprocess.html#subprocess.Popen] would
accept. Keep in mind that you can only fetch the subprogram’s output if one
or both of the output paramers are set to Redirection.Pipe!

If propagate_signals is true, signals received by the parent process will
be forwarded to the child process. This can be valuable to obtain correct
behavior on SIGINT, for instance. Forwarded signals are SIGHUP, SIGINT,
SIGQUIT, SIGTERM, SIGUSR1, and SIGUSR2. This is done by overwriting the
calling process’ Python signal handlers; the original handlers are restored
upon exit from the with-statement block.

If linebreak is true, output from the child process will be gathered into
whole lines (split by "\n") before being sent to the caller. The
newline characters will be discarded, making it impossible to tell whether
the final line of output ended with a newline or not.

If encoding is not None, a decoder will be created with
codecs.getincrementaldecoder() [https://docs.python.org/library/codecs.html#codecs.getincrementaldecoder] and the subprocess output will be
converted from bytes to Unicode before being returned to the calling
process.

timeout sets the timeout for the internal select.select() [https://docs.python.org/library/select.html#select.select] call used
to check for output from the subprogram. It is measured in seconds.

Slurper instances have attributes argv, env,
cwd, executable, propagate_signals,
:timeout, linebreak, attr:encoding, stdin,
:stdout, and stderr recording the construction parameters.






	
pwkit.slurp.Redirection

	An enum-like object defining ways to redirect the I/O streams of the
subprogram. These values are identical to those used in subprocess [https://docs.python.org/library/subprocess.html#module-subprocess]
but with nicer names.







	Constant
	Meaning




	Redirection.Pipe
	Pipe output to the calling program.


	Redirection.Stdout
	Only valid for stderr; merge it with stdout


	Redirection.DevNull
	Direct input from /dev/null, or output thereto.





The whole raison d’être of pwkit.slurp is to make it easy to
communicate output between programs, so you probably will probably want to
use Redirection.Pipe for stdout and stderr most of the time.






Slurper reference


	
Slurper.proc

	The subprocess.Popen [https://docs.python.org/library/subprocess.html#subprocess.Popen] instance of the child program. After the
program has exited, you can access its exit code as
Slurper.proc.returncode.






	
Slurper.argv

	The argv of the program to be launched.






	
Slurper.env

	Environment dictionary for the program to be launched.






	
Slurper.cwd

	The working directory for the program to be launched.






	
Slurper.executable

	The name of the executable to launch (argv[0] is allowed to differ from
this).






	
Slurper.propagate_signals

	Whether to forward the subprogram any signals that are received by the
calling process.






	
Slurper.timeout

	The timeout (in seconds) for waiting for output from the child program. If
nothing is received, a "timeout" event is generated.






	
Slurper.linebreak

	Whether to gather the subprogram output into textual lines.






	
Slurper.encoding

	The encoding to be used to decode the subprogram output from bytes to Unicode,
or None if no such decoding is to be done.






	
Slurper.stdin

	How to redirect the standard input of the subprogram, if at all.






	
Slurper.stdout

	How to redirect the standard output of the subprogram, if at all. If not
Pipe, no "stdout" events will be received.






	
Slurper.stderr

	How to redirect the standard error of the subprogram, if at all. If not
Pipe, no "stderr" events will be received. If Stdout, events
that would have had a type of "stderr" will have a type of "stdout"
instead.
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A simple “ini” file format (pwkit.inifile)

A simple parser for ini-style files that’s better than Python’s
ConfigParser/configparser.

Functions:


	read

	Generate a stream of pwkit.Holder instances from an ini-format file.

	mutate

	Rewrite an ini file chunk by chunk.

	write

	Write a stream of pwkit.Holder instances to an ini-format file.

	mutate_stream

	Lower-level version; only operates on streams, not path names.

	read_stream

	Lower-level version; only operates on streams, not path names.

	write_stream

	Lower-level version; only operates on streams, not path names.

	mutate_in_place

	Rewrite an ini file specififed by its path name, in place.




	
pwkit.inifile.mutate_stream(instream, outstream)[source]

	Python 3 compat note: we’re assuming stream gives bytes not unicode.






	
pwkit.inifile.read_stream(stream)[source]

	Python 3 compat note: we’re assuming stream gives bytes not unicode.






	
pwkit.inifile.write_stream(stream, holders, defaultsection=None)[source]

	Very simple writing in ini format. The simple stringification of each value
in each Holder is printed, and no escaping is performed. (This is most
relevant for multiline values or ones containing pound signs.) None values are
skipped.

Arguments:


	stream

	A text stream to write to.

	holders

	An iterable of objects to write. Their fields will be
written as sections.

	defaultsection=None

	Section name to use if a holder doesn’t contain a
section field.








	
pwkit.inifile.write(stream_or_path, holders, **kwargs)[source]

	Very simple writing in ini format. The simple stringification of each value
in each Holder is printed, and no escaping is performed. (This is most
relevant for multiline values or ones containing pound signs.) None values are
skipped.

Arguments:


	stream

	A text stream to write to.

	holders

	An iterable of objects to write. Their fields will be
written as sections.

	defaultsection=None

	Section name to use if a holder doesn’t contain a
section field.
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Outputting data in LaTeX format (pwkit.latex)

pwkit.latex - various helpers for the LaTeX typesetting system.


Classes


	Referencer

	Accumulate a numbered list of bibtex references, then output them.

	TableBuilder

	Create awesome deluxetables programmatically.






Functions


	latexify_l3col

	Format value in LaTeX, suitable for tables of limit values.

	latexify_n2col

	Format a number in LaTeX in 2-column decimal-aligned formed.

	latexify_u3col

	Format value in LaTeX, suitable for tables of uncertain values.

	latexify

	Format a value in LaTeX appropriately.






Helpers for TableBuilder


	AlignedNumberFormatter

	Format numbers, aligning them at the decimal point.

	BasicFormatter

	Base class for formatters.

	BoolFormatter

	Format a boolean; default is True -> bullet, False -> nothing.

	LimitFormatter

	Format measurements for a table of limits.

	MaybeNumberFormatter

	Format numbers with a fixed number of decimal places, or
objects with __pk_latex__().

	UncertFormatter

	Format measurements for a table of detailed uncertainties.

	WideHeader

	Helper for multi-column headers.



XXX: Barely tested!


	
class pwkit.latex.AlignedNumberFormatter(nplaces=1)[source]

	Format numbers. Allows the number of decimal places to be specified, and
aligns the numbers at the decimal point.






	
class pwkit.latex.BasicFormatter[source]

	Base class for formatting table cells in a TableBuilder.

Generally a formatter will also provide methods for turning input data
into fancified LaTeX output that can be used by the column’s “data
function”.


	
colinfo(builder)[source]

	Return (nlcol, colspec, headprefix), where:


	nlcol      - The number of LaTeX columns encompassed by this logical

	column.

	colspec    - Its LaTeX column specification (None to force user to

	specify).

	headprefix - Prefix applied before heading items in {} (e.g.,

	“colhead”).












	
class pwkit.latex.BoolFormatter[source]

	Format booleans. Attributes truetext and falsetext set what shows up
for true and false values, respectively.






	
class pwkit.latex.LimitFormatter[source]

	Format measurements (cf pwkit.msmt) with nice-looking limit information.
Specific uncertainty information is discarded. The default formats do not
involve fancy subscripts or superscripts, so row struts are not needed ...
by default.






	
class pwkit.latex.MaybeNumberFormatter(nplaces=1, align='c')[source]

	Format Python objects. If it’s a number, format it as such, without any
fancy column alignment, but with a specifiable number of decimal places.
Otherwise, call latexify() on it.






	
class pwkit.latex.Referencer[source]

	Accumulate a numbered list of bibtex references. Methods:


	refkey (bibkey)

	Return a string that should be used to give
a numbered reference to the given bibtex
key. “thiswork” is handled specially.

	dump ()

	Return a string with citet{} commands identifing
all of the numbered references.



Attributes:


	thisworktext

	text referring to “this work”; defaults to that.

	thisworkmarker

	special symbol used to denote “this work”; defaults to star.



Bibtex keys beginning with asterisks have the rest of their value used for
the citation text, rather than “citet{<key>}”.






	
class pwkit.latex.TableBuilder(label)[source]

	Build and then emit a nice deluxetable.

Methods:


	addcol (headings, datafunc, formatter=None, colspec=None, numbering=’(%d)’)

	Define a logical column.

	addnote (key, text)

	Define a table note that can appear in cells.

	addhcline (headerrowix, logcolidx, latexdeltastart, latexdeltaend)

	Add a horizontal line between columns.

	notemark (key)

	Return a tablenotemark{} command for the specified note key.

	emit (stream, items)

	Write the table, with one row for each thing in items, to the stream.



If an item has an attribute tb_row_preamble, that text is written verbatim
before that corresponding row is output.

Attributes:


	environment

	The name of the latex environment to use, default “deluxetable”.
You may want to specify “deluxetable*”, or “mydeluxetable” if
using a hacked package.

	label

	The latex reference label of the table. Mandatory.

	note

	A note at the table footer (“tablecomments{}” in LaTeX).

	preamble

	Commands for table preamble. See below.

	refs

	Contents of the table References section.

	title

	Table title. Default “Untitled table”.

	widthspec

	Passed to tablewidth{}; default “0em” = auto-widen.

	numbercols

	If True, number each column. This can be disabled on a
col-by-col basis by calling addcol with numbering set to
False.



Legal preamble commands are:

\rotate
\tablenum{<manual table identifier>}
\tabletypesize{<font size command>}





The commands tablecaption, tablecolumns, tablehead, and tablewidth
are handled specially.

If tablewidth{} is not provided, the table is set at full width, not its
natural width, which is a lame default. The default widthspec lets us
auto-widen while providing a clear avenue to customizing the width.


	
addcol(headings, datafunc, formatter=None, colspec=None, numbering=u'(%d)')[source]

	Define a logical column. Arguments:


	headings

	A string, or list of strings and WideHeaders. The headings are stacked
vertically in the table header section.

	datafunc

	Return LaTeX for this cell. Call spec should be
(item, [formatter, [tablebuilder]]).

	formatter

	The formatter to use; defaults to a new BasicFormatter.

	colspec

	The LaTeX column specification letters to use; defaults to ‘c’s.

	numbering

	If non-False, a format for writing this column’s number; if False,
no number is written.








	
addhcline(headerrowidx, logcolidx, latexdeltastart, latexdeltaend)[source]

	Adds a horizontal line below a limited range of columns in the header section.
Arguments:


	headerrowidx    - The 0-based row number below which the line will be

	drawn; i.e. 0 means that the line will be drawn below
the first row of header cells.

	logcolidx       - The 0-based ‘logical’ column number relative to which

	the line will be placed; i.e. 1 means that the line
placement will be relative to the second column
defined in an addcol() call.

	latexdeltastart - The relative position at which to start drawing the

	line relative to that logical column, in LaTeX
columns; typically going to be zero.

	latexdeltaend   - The relative position at which to finish drawing the

	line, in the standard Python noninclusive sense. I.e.,
if you want to underline two LaTeX columns,
latexdeltaend = latexdeltastart + 2.












	
class pwkit.latex.UncertFormatter[source]

	Format measurements (cf. pwkit.msmt) with detailed uncertainty information,
possibly including asymmetric uncertainties. Because of the latter
possibility, table rows have to be made extra-high to maintain evenness.






	
class pwkit.latex.WideHeader(nlogcols, content, align='c')[source]

	Information needed for constructing wide table headers.

nlogcols - Number of logical columns consumed by this header.
content  - The LaTeX to insert for this header’s content.
align    - The alignment of this header; default ‘c’.

Rendered as multicolumn{nlatex}{align}{content}, where nlatex is the
number of LaTeX columns spanned by this header – which may be larger than
nlogcols if certain logical columns span multiple LaTeX columns.






	
pwkit.latex.latexify_l3col(obj, **kwargs)[source]

	Convert an object to special LaTeX for limit tables.

This conversion is meant for limit values in a table. The return value
should span three columns. The first column is the limit indicator: <, >,
~, etc. The second column is the whole part of the value, up until just
before the decimal point. The third column is the decimal point and the
fractional part of the value, if present. If the item being formatted does
not fit this schema, it can be wrapped in something like
‘multicolumn{3}{c}{...}’.






	
pwkit.latex.latexify_n2col(x, nplaces=None, **kwargs)[source]

	Render a number into LaTeX in a 2-column format, where the columns split
immediately to the left of the decimal point. This gives nice alignment of
numbers in a table.






	
pwkit.latex.latexify_u3col(obj, **kwargs)[source]

	Convert an object to special LaTeX for uncertainty tables.

This conversion is meant for uncertain values in a table. The return value
should span three columns. The first column ends just before the decimal
point in the main number value, if it has one. It has no separation from
the second column. The second column goes from the decimal point until
just before the “plus-or-minus” indicator. The third column goes from the
“plus-or-minus” until the end. If the item being formatted does not fit this
schema, it can be wrapped in something like ‘multicolumn{3}{c}{...}’.






	
pwkit.latex.latexify(obj, **kwargs)[source]

	Render an object in LaTeX appropriately.
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Reading and writing data tables with types and uncertainties (pwkit.tabfile)

pwkit.tabfile - I/O with typed tables of uncertain measurements.

Functions:

read    - Read a typed table file.
vizread - Read a headerless table file, with columns specified separately
write   - Write a typed table file.

The table format is line-oriented text. Hashes denote comments. Initial lines
of the form “colname = value” set a column name that gets the same value for
every item in the table. The header line is prefixed with an @ sign.
Subsequent lines are data rows.


	
pwkit.tabfile.read(path, tabwidth=8, **kwargs)[source]

	Read a typed tabular text file into a stream of Holders.

Arguments:


	path

	The path of the file to read.

	tabwidth=8

	The tab width to assume. Please don’t monkey with it.

	mode=’rt’

	The file open mode (passed to io.open()).

	noexistok=False

	If True and the file is missing, treat it as empty.

	**kwargs

	Passed to io.open ().



Returns a generator for a stream of pwkit.Holder`s, each of which will
contain ints, strings, or some kind of measurement (cf `pwkit.msmt).






	
pwkit.tabfile.vizread(descpath, descsection, tabpath, tabwidth=8, **kwargs)[source]

	Read a headerless tabular text file into a stream of Holders.

Arguments:


	descpath

	The path of the table description ini file.

	descsection

	The section in the description file to use.

	tabpath

	The path to the actual table data.

	tabwidth=8

	The tab width to assume. Please don’t monkey with it.

	mode=’rt’

	The table file open mode (passed to io.open()).

	noexistok=False

	If True and the file is missing, treat it as empty.

	**kwargs

	Passed to io.open ().



Returns a generator of a stream of pwkit.Holder`s, each of which will
contain ints, strings, or some kind of measurement (cf `pwkit.msmt). In
this version, the table file does not contain a header, as seen in Vizier
data files. The corresponding section in the description ini file has keys
of the form “colname = <start> <end> [type]”, where <start> and <end> are
the 1-based character numbers defining the column, and [type] is an
optional specified of the measurement type of the column (one of the usual
b, i, f, u, Lu, Pu).






	
pwkit.tabfile.write(stream, items, fieldnames, tabwidth=8)[source]

	Write a typed tabular text file to the specified stream.

Arguments:


	stream

	The destination stream.

	items

	An iterable of items to write. Two passes have to
be made over the items (to discover the needed column widths),
so this will be saved into a list.

	fieldnames

	Either a list of field name strings, or a single string.
If the latter, it will be split into a list with .split().

	tabwidth=8

	The tab width to use. Please don’t monkey with it.



Returns nothing.
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An “ini” file format with typed, uncertain data (pwkit.tinifile)

pwkit.tinifile - Dealing with typed ini-format files full of measurements.

Functions:


	read

	Generate pwkit.Holder instances of measurements from an ini-format file.

	write

	Write pwkit.Holder instances of measurements to an ini-format file.

	read_stream

	Lower-level version; only operates on streams, not path names.

	write_stream

	Lower-level version; only operates on streams, not path names.




	
pwkit.tinifile.write_stream(stream, holders, defaultsection=None, extrapos=(), sha1sum=False, **kwargs)[source]

	extrapos is basically a hack for multi-step processing. We have some flux
measurements that are computed from luminosities and distances. The flux
value is therefore an unwrapped Uval, which doesn’t retain memory of any
positivity constraint it may have had. Therefore, if we write out such a
value using this routine, we may get something like fx:u = 1pm1, and the
next time it’s read in we’ll get negative fluxes. Fields listed in
extrapos will have a “P” constraint added if they are imprecise and
their typetag is just “f” or “u”.
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Converting Unicode to LaTeX notation (pwkit.unicode_to_latex)

unicode_to_latex - what it says

Provides unicode_to_latex(u) and unicode_to_latex_string(u).

unicode_to_latex returns ASCII bytes that can be fed to LaTeX to
reproduce the Unicode string ‘u’ as closely as possible.

unicode_to_latex_string returns a Unicode string rather than bytes.
That is:

unicode_to_latex(u) = unicode_to_latex_string(u).encode('ascii').
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External Software Environments

This documentation has a lot of stubs.



	CASA (pwkit.environments.casa)
	CASA installation notes





	Compact-source photometry with discrete Fourier transformations (pwkit.environments.casa.dftphotom)

	Structured scripting within casapy (pwkit.environments.casa.scripting)

	Merging spectral windows in visibility data (pwkit.environments.casa.spwglue)

	Quick access to basic CASA tasks (pwkit.environments.casa.tasks)

	Utilities for Python invocation of CASA tools (pwkit.environments.casa.util)

	HEASoft (pwkit.environments.heasoft)
	HEAsoft installation notes





	SAS (pwkit.environments.sas)
	Unpacking data sets

	SAS installation notes

	ODF data format notes





	SAS (pwkit.environments.sas.data)
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CASA (pwkit.environments.casa)

casa - running software in the CASA environment

To use, export an environment variable $PWKIT_CASA pointing to the CASA
installation root. The files $PWKIT_CASA/asdm2MS and $PWKIT_CASA/casapy should
exist.

XXX untested with 32-bit, probably won’t work.
XXX test only on Linux, probably needs work for Macs.


CASA installation notes

Download tarball as linked from http://casa.nrao.edu/casa_obtaining.shtml .
Tarball unpacks to some versioned subdirectory. The names and version codes
are highly variable and annoying.







          

      

      

    


    
         Copyright 2015, Peter K. G. Williams and collaborators.
      Created using Sphinx 1.3.1.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	pwkit 0.6.99 documentation 

          	External Software Environments 
 
      

    


    
      
          
            
  
Compact-source photometry with discrete Fourier transformations (pwkit.environments.casa.dftphotom)

pwkit.environments.casa.dftphotom - point-source photometry from visibilities

CASA doesn’t yet have a task to do this.
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Structured scripting within casapy (pwkit.environments.casa.scripting)

pwkit.environments.casa.scripting - scripted invocation of casapy.

The “casapy” program is extremely resistant to encapsulated scripting – it
pops up GUI windows and child processes, leaves log files around, provides a
non-vanilla Python environment, and so on. However, sometimes scripting CASA
is what we need to do. This tool enables that.

We provide a single-purpose CLI tool for this functionality, so that you can
write standalone scripts with a hashbang line of “#! /usr/bin/env
pkcasascript” – hashbang lines support only one extra command-line
argument, so if we’re using “env” we can’t take a multitool approach.


	
class pwkit.environments.casa.scripting.CasapyScript(script, raise_on_error=True, **kwargs)[source]

	Context manager for launching a script in the casapy environment. This
involves creating a temporary wrapper and then using the CasaEnvironment
to run it in a temporary directory.

When this context manager is entered, the script is launched and the
calling process waits until it finishes. This object is returned. The
with statement body is then executed so that information can be
extracted from the results of the casapy invocation. When the context
manager is exited, the casapy files are (usually) cleaned up.

Attributes:


	args

	the arguments to passed to the script.

	env

	the CasaEnvironment used to launch the casapy process.

	exitcode

	the exit code of the casapy process. 0 is success. 127 indicates
an intentional error exit by the script; additional diagnostics
don’t need printing and the work directory doesn’t need
preservation. Negative values indicate death from a signal.

	proc

	the subprocess.Popen instance of casapy; inside the context
manager body it’s already exited.

	rmtree

	boolean; whether to delete the working tree upon context manager
exit.

	script

	the path to the script to be invoked.

	workdir

	the working directory in which casapy was started.

	wrapped

	the path to the wrapper script run inside casapy.



There is a very large overhead to running casapy scripts. The outer Python
code sleeps for at least 5 seconds to allow various cleanups to happen.
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Merging spectral windows in visibility data (pwkit.environments.casa.spwglue)

pwkit.environments.casa.spwglue - merge spectral windows in a MeasurementSet

I find that merging windows in this way offers a lot of advantages. This
procesing step is very slow, however.


	
class pwkit.environments.casa.spwglue.Progress[source]

	This could be split out; it’s useful.
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Quick access to basic CASA tasks (pwkit.environments.casa.tasks)

pwkit.environments.casa.tasks - library of clones of CASA tasks

The way that the casapy code is written it’s basically impossible to import
its tasks into a straight-Python environment (trust me, I’ve tried), so we’re
more-or-less duplicating lots of CASA code. I try to provide saner semantics,
APIs, etc.

The goal is to make task-like functionality as a real Python library with no
side effects, so that we can actually script data processing. While we’re at
it, we make them available on the command line.


	
pwkit.environments.casa.tasks.listobs(vis)[source]

	Generates a set of lines of output. Errors are only detected by looking
at the output.
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Utilities for Python invocation of CASA tools (pwkit.environments.casa.util)

pwkit.environments.casa.util - core utilities for the CASA Python libraries

Variables are:


	INVERSE_C_SM

	Inverse of C in s/m (useful for wavelength to time conversion)

	INVERSE_C_NSM

	Inverse of C in ns/m (ditto).

	pol_names

	Dict mapping CASA polarization codes to their string names.

	pol_to_miriad

	Dict mapping CASA polarization codes to their MIRIAD equivalents.

	msselect_keys

	A set of the keys supported by the CASA ms-select subsystem.

	tools

	An object for constructing CASA tools: ia = tools.image ().



Functions are:


	datadir

	Return the CASA data directory.

	logger

	Create a CASA logger that prints to stderr without leaving a
casapy.log file around.

	forkandlog

	Run a function in a subprocess, returning the text it outputs
via the CASA logging subsystem.

	sanitize_unicode

	Encode Unicode strings as bytes for interfacing with casac
functions.




	
pwkit.environments.casa.util.sanitize_unicode(item)[source]

	The Python bindings to CASA tasks expect to receive all string values
as binary data (Python 2.X “str” or 3.X “bytes”) and not Unicode (Python
2.X “unicode” or 3.X “str”). To prep for Python 3 (not that CASA will ever
be compatible with it ...) I true to use the unicode_literals everywhere,
and other Python modules are getting better about using Unicode
consistently, so this causes problems. This helper converts Unicode into
UTF-8 encoded bytes, handling the common data structures that are passed
to CASA functions.

I usually import this as just ‘b’ and write tool.method (b(arg)), in
analogy with the b’’ byte string syntax.
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HEASoft (pwkit.environments.heasoft)

heasoft - running software in the HEAsoft/CALDB environment

To use, export an environment variable $PWKIT_HEASOFT pointing to the HEAsoft
platform-specific directory, usually known as $HEADAS. E.g.,
$PWKIT_HEASOFT/bin, $PWKIT_HEASOFT/BUILD_DIR, and
$PWKIT_HEASOFT/headas-init.sh should exist. CALDB also needs to be set up as
described below.

“pfiles” are set up to land in ~/.local/share/hea-pfiles/.


HEAsoft installation notes

(All examples assume version 6.16 for convenience, substitute as needed of
course.)

Installation from source strongly recommended. Download from something like
http://heasarc.gsfc.nasa.gov/FTP/software/lheasoft/release/heasoft-6.16src.tar.gz
- the website lets you customize the tarball, but it’s probably easiest just
to do the full install every time. Tarball unpacks into heasoft-6.16/... so
you can safely curl|tar in ~/sw/.

$ cd heasoft-6.16/BUILD_DIR
$ ./configure –prefix=/a/heasoft/6.16
$ make # note: not parallel-friendly
$ make install

The CALDB setup is so lightweight that it’s not worth separating it out:

$ cd /a/heasoft/6.16
$ wget http://heasarc.gsfc.nasa.gov/FTP/caldb/software/tools/caldb.config
$ wget http://heasarc.gsfc.nasa.gov/FTP/caldb/software/tools/alias_config.fits
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SAS (pwkit.environments.sas)

sas - running software in the SAS environment

To use, export an environment variable $PWKIT_SAS pointing to the SAS
installation root. The files $PWKIT_SAS/RELEASE and $PWKIT_SAS/setsas.sh
should exist. The “current calibration files” (CCF) should be accessible as
$PWKIT_SAS/ccf/; a symlink may make sense if multiple SAS versions are going
to be used.

SAS is unusual because you need to set up some magic environment variables
specific to the dataset that you’re working with. There is also default
preparation to be run on each dataset before anything useful can be done.


Unpacking data sets

Data sets are downloaded as tar.gz files. Those unpack to a few files in ‘.’
including a .TAR file, which should be unpacked too. That unpacks to a bunch
of data files in ‘.’ as well.




SAS installation notes

Download tarball from, e.g.,

ftp://legacy.gsfc.nasa.gov/xmm/software/sas/14.0.0/64/Linux/Fedora20/

Tarball unpacks installation script and data into ‘.’, and the installation
script sets up a SAS install in a versioned subdirectory of ‘.’, so curl|tar
should be run from something like /a/sas:

$ ./install.sh





The CCF are like CALDB and need to be rsynced – see the update-ccf
subcommand.




ODF data format notes

ODF files all have names in the format RRRR_NNNNNNNNNN_IIUEEECCMMM.ZZZ where:


	RRRR

	revolution (orbit) number

	NNNNNNNNNN

	obs ID

	II

	The instrument:


	OM

	optical monitor

	R1

	RGS (reflection grating spectrometer) unit 1

	R2

	RGS 2

	M1

	EPIC (imaging camera) MOS 1 detector

	M2

	EPIC (imaging camera) MOS 2 detector

	PN

	EPIC (imaging camera) PN detector

	RM

	EPIC radiation monitor

	SC

	spacecraft





	U

	Scheduling status of exposure:


	S

	scheduled

	U

	unscheduled

	X

	N/A





	EEE

	exposure number

	CC

	CCD/OM-window ID

	MMM

	data type of file (many; not listed here)

	ZZZ

	file extension



See the make-*-aliases commands for tools that generate symlinks with saner
names.
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SAS (pwkit.environments.sas.data)

pwkit.environments.sas.data - loading up SAS data sets
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Tools for writing command-line programs

This documentation has a lot of stubs.



	Utilities for command-line programs (pwkit.cli)

	Parsing keyword-style program arguments (pwkit.kwargv)
	Keyword Specification Format





	Command-line programs with sub-commands (pwkit.cli.multitool)
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Utilities for command-line programs (pwkit.cli)

pwkit.cli - miscellaneous utilities for command-line programs.

Functions:

backtrace_on_usr1 - Make it so that a Python backtrace is printed on SIGUSR1.
check_usage       - Print usage and exit if –help is in argv.
die               - Print an error and exit.
pop_option        - Check for a single command-line option.
propagate_sigint  - Ensure that calling shells know when we die from SIGINT.
show_usage        - Print a usage message.
unicode_stdio     - Ensure that sys.std{in,out,err} accept unicode strings.
warn              - Print a warning.
wrong_usage       - Print an error about wrong usage and the usage help.

Context managers:

print_tracebacks  - Catch exceptions and print tracebacks without reraising them.

Submodules:

multitool - Framework for command-line programs with sub-commands.


	
pwkit.cli.check_usage(docstring, argv=None, usageifnoargs=False)[source]

	Check if the program has been run with a –help argument; if so,
print usage information and exit.





	Parameters:	
	docstring (str [https://docs.python.org/library/functions.html#str]) – the program help text

	argv – the program arguments; taken as sys.argv [https://docs.python.org/library/sys.html#sys.argv] if
given as None (the default). (Note that this implies
argv[0] should be the program name and not the first option.)

	usageifnoargs (bool [https://docs.python.org/library/functions.html#bool]) – if True, usage information will be
printed and the program will exit if no command-line arguments are
passed. If “long”, print long usasge. Default is False.









This function is intended for small programs launched from the command
line. The intention is for the program help information to be written in
its docstring, and then for the preamble to contain something like:

"""myprogram - this is all the usage help you get"""
import sys
... # other setup
check_usage (__doc__)
... # go on with business





If it is determined that usage information should be shown,
show_usage() is called and the program exits.

See also wrong_usage().






	
pwkit.cli.die(fmt, *args)[source]

	Raise a SystemExit exception with a formatted error message.





	Parameters:	
	fmt (str [https://docs.python.org/library/functions.html#str]) – a format string

	args – arguments to the format string









If args is empty, a SystemExit exception is raised with the
argument 'error: ' + str (fmt). Otherwise, the string component is
fmt % args. If uncaught, the interpreter exits with an error code and
prints the exception argument.

Example:

if ndim != 3:
   die ('require exactly 3 dimensions, not %d', ndim)










	
pwkit.cli.pop_option(ident, argv=None)[source]

	A lame routine for grabbing command-line arguments. Returns a boolean
indicating whether the option was present. If it was, it’s removed from
the argument string. Because of the lame behavior, options can’t be
combined, and non-boolean options aren’t supported. Operates on sys.argv
by default.

Note that this will proceed merrily if argv[0] matches your option.






	
class pwkit.cli.print_tracebacks(types=(<type 'exceptions.Exception'>, ), header=None, file=None)[source]

	Context manager that catches exceptions and prints their tracebacks without
reraising them. Intended for robust programs that want to continue
execution even if something bad happens; this provides the infrastructure
to swallow exceptions while still preserving exception information for
later debugging.

You can specify which exception classes to catch with the types keyword
argument to the constructor. The header keyword will be printed if
specified; this could be used to add contextual information. The file
keyword specifies the destination for the printed output; default is
sys.stderr.

Instances preserve the exception information in the fields ‘etype’,
‘evalue’, and ‘etb’ if your program in fact wants to do something with the
information. One basic use would be checking whether an exception did, in
fact, occur.






	
pwkit.cli.show_usage(docstring, short, stream, exitcode)[source]

	Print program usage information and exit.





	Parameters:	docstring (str [https://docs.python.org/library/functions.html#str]) – the program help text





This function just prints docstring and exits. In most cases, the
function check_usage() should be used: it automatically checks
sys.argv [https://docs.python.org/library/sys.html#sys.argv] for a sole “-h” or “–help” argument and invokes this
function.

This function is provided in case there are instances where the user
should get a friendly usage message that check_usage() doesn’t catch.
It can be contrasted with wrong_usage(), which prints a terser usage
message and exits with an error code.






	
pwkit.cli.unicode_stdio()[source]

	Make sure that the standard I/O streams accept Unicode.

The standard I/O streams accept bytes, not Unicode characters. This means
that in principle every Unicode string that we want to output should be
encoded to utf-8 before print()ing. But Python 2.X has a hack where, if
the output is a terminal, it will automatically encode your strings, using
UTF-8 in most cases.

BUT this hack doesn’t kick in if you pipe your program’s output to another
program. So it’s easy to write a tool that works fine in most cases but then
blows up when you log its output to a file.

The proper solution is just to do the encoding right. This function sets
things up to do this in the most sensible way I can devise. This approach
sets up compatibility with Python 3, which has the stdio streams be in
text mode rather than bytes mode to begin with.

Basically, every command-line Python program should call this right at
startup. I’m tempted to just invoke this code whenever this module is
imported since I foresee many accidentally omissions of the call.






	
pwkit.cli.wrong_usage(docstring, *rest)[source]

	Print a message indicating invalid command-line arguments and exit with an
error code.





	Parameters:	
	docstring (str [https://docs.python.org/library/functions.html#str]) – the program help text

	rest – an optional specific error message









This function is intended for small programs launched from the command
line. The intention is for the program help information to be written in
its docstring, and then for argument checking to look something like
this:

"""mytask <input> <output>

Do something to the input to create the output.
"""
...
import sys
... # other setup
check_usage (__doc__)
... # more setup
if len (sys.argv) != 3:
   wrong_usage (__doc__, "expect exactly 2 arguments, not %d",
                len (sys.argv))





When called, an error message is printed along with the first stanza of
docstring. The program then exits with an error code and a suggestion to
run the program with a –help argument to see more detailed usage
information. The “first stanza” of docstring is defined as everything up
until the first blank line, ignoring any leading blank lines.

The optional message in rest is treated as follows. If rest is empty,
the error message “invalid command-line arguments” is printed. If it is a
single item, the stringification of that item is printed. If it is more
than one item, the first item is treated as a format string, and it is
percent-formatted with the remaining values. See the above example.

See also check_usage() and show_usage().
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Parsing keyword-style program arguments (pwkit.kwargv)

The pwkit.kwargv module provides a framework for parsing
keyword-style arguments to command-line programs. It’s designed so that you
can easily make a routine with complex, structured configuration parameters
that can also be driven from the command line.

Keywords are defined by declaring a subclass of the
ParseKeywords class with fields corresponding to the
support keywords:

from pwkit.kwargv import ParseKeywords, Custom

class MyConfig (ParseKeywords):
    foo = 1
    bar = str
    multi = [int]
    extra = Custom (float, required=True)

    @Custom (str)
    def declination (value):
        from pwkit.astutil import parsedeglat
        return parsedeglat (value)





Instantiating the subclass fills in all defaults. Calling the
ParseKeywords.parse() method parses a list of strings (defaulting to
sys.argv[1:]) and updates the instance’s properties. This framework is
designed so that you can provide complex configuration to an algorithm either
programmatically, or on the command line. A typical use would be:

from pwkit.kwargv import ParseKeywords, Custom

class MyConfig (ParseKeywords):
    niter = 1
    input = str
    scales = [int]
    # ...

def my_complex_algorithm (cfg):
   from pwkit.io import Path
   data = Path (cfg.input).read_fits ()

   for i in xrange (cfg.niter):
       # ....

def call_algorithm_in_code ():
    cfg = MyConfig ()
    cfg.input = 'testfile.fits'
    # ...
    my_complex_algorithm (cfg)

if __name__ == '__main__':
    cfg = MyConfig ().parse ()
    my_complex_algorithm (cfg)





You could then execute the module as a program and specify arguments in the
form ./program niter=5 input=otherfile.fits.


Keyword Specification Format

Arguments are specified in the following ways:


	foo = 1 defines a keyword with a default value, type inferred as
int. Likewise for str, bool, float.

	bar = str defines an string keyword with default value of None.
Likewise for int, bool, float.

	multi = [int] parses as a list of integers of any length, defaulting to
the empty list [] (I call these “flexible” lists.). List items are
separated by commas on the command line.

	other = [3.0, int] parses as a 2-element list, defaulting to [3.0,
None]. If one value is given, the first array item is parsed, and the
second is left as its default. (I call these “fixed” lists.)

	extra = Custom(float, required=True) parses like float and then
customizes keyword properties. Supported properties are the attributes of
the KeywordInfo class.

	Use Custom as a decorator (@Custom) on a function foo
defines a keyword foo that’s parsed according to the Custom
specification, then has its value fixed up by calling the foo() function
after the basic parsing. That is, the final value is foo
(intermediate_value). A common pattern is to use a fixup function for a
fixed list where the first few values are mandatory (see
KeywordInfo.minvals below) but later values can be guessed or
defaulted.



See the KeywordInfo documentation for specification of additional
keyword properties that may be specified. The Custom name is simply an
alias for KeywordInfo.


	
exception pwkit.kwargv.KwargvError(fmt, *args)[source]

	Raised when invalid arguments have been provided.






	
exception pwkit.kwargv.ParseError(fmt, *args)[source]

	Raised when the structure of the arguments appears legitimate, but a
particular value cannot be parsed into its expected type.






	
class pwkit.kwargv.KeywordInfo[source]

	Properties that a keyword argument may have.


	
default = None

	The default value for the keyword if it’s left unspecified.






	
fixupfunc = None

	If not None, the final value of the keyword is set to the return value
of fixupfunc(intermediate_value).






	
maxvals = None

	The maximum number of values allowed. This only applies for flexible lists;
fixed lists have predetermined sizes.






	
minvals = 0

	The minimum number of values allowed in a flexible list, if the keyword is
specified at all. If you want minvals = 1, use required = True.






	
parser = None

	A callable used to convert the argument text to a Python value.
This attribute is assigned automatically upon setup.






	
printexc = False

	Print the exception as normal if there’s an exception when parsing the
keyword value. Otherwise there’s just a message along the lines of “cannot
parse value <val> for keyword <kw>”.






	
repeatable = False

	If true, the keyword value(s) will always be contained in a list. If they
keyword is specified multiple times (i.e. ./program kw=1 kw=2), the
list will have multiple items (cfg.kw = [1, 2]). If the keyword is
list-valued, using this will result in a list of lists.






	
required = False

	Whether an error should be raised if the keyword is not seen while
parsing.






	
scale = None

	If not None, multiply numeric values by this number after parsing.






	
sep = u','

	The textual separator between items for list-valued keywords.






	
uiname = None

	The name of the keyword as parsed from the command-line. For instance,
some_value = Custom (int, uiname="some-value") will result in a
keyword that the user sets by calling ./program some-value=3. This
provides a mechanism to support keyword names that are not legal Python
identifiers.










	
class pwkit.kwargv.ParseKeywords[source]

	The template class for defining your keyword arguments. A subclass of
pwkit.Holder. Declare attributes in a subclass following the
scheme described above, then call the ParseKeywords.parse() method.


	
parse(args=None)[source]

	Parse textual keywords as described by this class’s attributes, and update
this instance’s attributes with the parsed values. args is a list of
strings; if None, it defaults to sys.argv[1:]. Returns self
for convenience. Raises KwargvError if invalid keywords are
encountered.

See also ParseKeywords.parse_or_die().






	
parse_or_die(args=None)[source]

	Like ParseKeywords.parse(), but calls pkwit.cli.die() if a
KwargvError is raised, printing the exception text. Returns
self for convenience.










	
pwkit.kwargv.basic(args=None)[source]

	Parse the string list args as a set of keyword arguments in a very
simple-minded way, splitting on equals signs. Returns a
pwkit.Holder instance with attributes set to strings. The form
+foo is mapped to setting foo = True on the pwkit.Holder
instance. If args is None, sys.argv[1:] is used. Raises
KwargvError on invalid arguments (i.e., ones without an equals sign
or a leading plus sign).
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Command-line programs with sub-commands (pwkit.cli.multitool)

pwkit.cli.multitool - Framework for command-line tools with sub-commands

This module provides a framework for quickly creating command-line programs
that have multiple independent sub-commands (similar to the way Git’s
interface works).

Classes:


	Command

	A command supported by the tool.

	DelegatingCommand

	A command that delegates to named sub-commands.

	HelpCommand

	A command that prints the help for other commands.

	Multitool

	The tool itself.

	UsageError

	Raised if illegal command-line arguments are used.



Functions:


	invoke_tool

	Run as a tool and exit.



Standard usage:

class MyCommand (multitool.Command):
  name = 'info'
  summary = 'Do something useful.'

  def invoke (self, args, **kwargs):
    print ('hello')

class MyTool (multitool.MultiTool):
  cli_name = 'mytool'
  summary = 'Do several useful things.'

HelpCommand = multitool.HelpCommand # optional

def commandline ():
  multitool.invoke_tool (globals ())






	
pwkit.cli.multitool.invoke_tool(namespace, tool_class=None)[source]

	Invoke a tool and exit.

namespace is a namespace-type dict from which the tool is initialized.
It should contain exactly one value that is a Multitool subclass, and
this subclass will be instantiated and populated (see
Multitool.populate()) using the other items in the namespace. Instances
and subclasses of Command will therefore be registered with the
Multitool. The tool is then invoked.

pwkit.cli.propagate_sigint() and pwkit.cli.unicode_stdio() are called
at the start of this function. It should therefore be only called immediately
upon startup of the Python interpreter.

This function always exits with an exception. The exception will be
SystemExit (0) in case of success.

The intended invocation is invoke_tool (globals ()) in some module that
defines a Multitool subclass and multiple Command subclasses.

If tool_class is not None, this is used as the tool class rather than
searching namespace, potentially avoiding problems with modules
containing multiple Multitool implementations.






	
class pwkit.cli.multitool.Command[source]

	A command in a multifunctional CLI tool.

Attributes:


	argspec

	One-line string summarizing the command-line arguments
that should be passed to this command.

	help_if_no_args

	If True, usage help will automatically be displayed if
no command-line arguments are given.

	more_help

	Additional help text to be displayed below the summary
(optional).

	name

	The command’s name, as should be specified at the CLI.

	summary

	A one-line summary of this command’s functionality.



Functions:


	invoke(self, args, **kwargs)

	Execute this command.



‘name’ must be set; other attributes are optional, although at least
‘summary’ and ‘argspec’ should be set. ‘invoke()’ must be implemented.


	
invoke(args, **kwargs)[source]

	Invoke this command. ‘args’ is a list of the remaining command-line
arguments. ‘kwargs’ contains at least ‘argv0’, which is the equivalent
of, well, argv[0] for this command; ‘tool’, the originating
Multitool instance; and ‘parent’, the parent DelegatingCommand
instance. Other kwargs may be added in an application-specific manner.
Basic processing of ‘–help’ will already have been done if invoked
through invoke_with_usage().






	
invoke_with_usage(args, **kwargs)[source]

	Invoke the command with standardized usage-help processing. Same calling
convention as Command.invoke().










	
class pwkit.cli.multitool.DelegatingCommand(populate_from_self=True)[source]

	A command that delegates to sub-commands.

Attributes:


	cmd_desc

	The noun used to desribe the sub-commands.

	usage_tmpl

	A formatting template for long tool usage. The default
is almost surely acceptable.



Functions:


	register

	Register a new sub-command.

	populate

	Register many sub-commands automatically.




	
invoke_command(cmd, args, **kwargs)[source]

	This function mainly exists to be overridden by subclasses.






	
populate(values)[source]

	Register multiple new commands by investigating the iterable values. For
each item in values, instances of Command are registered, and
subclasses of Command are instantiated (with no arguments passed to
the constructor) and registered. Other kinds of values are ignored.
Returns ‘self’.






	
register(cmd)[source]

	Register a new command with the tool. ‘cmd’ is expected to be an instance
of Command, although here only the cmd.name attribute is
investigated. Multiple commands with the same name are not allowed to
be registered. Returns ‘self’.










	
class pwkit.cli.multitool.Multitool[source]

	A command-line tool with multiple sub-commands.

Attributes:


cli_name  - The usual name of this tool on the command line.
more_help - Additional help text.
summary   - A one-line summary of this tool’s functionality.


Functions:


commandline - Execute a command as if invoked from the command-line.
register    - Register a new command.
populate    - Register many commands automatically.



	
commandline(argv)[source]

	Run as if invoked from the command line. ‘argv’ is a Unix-style list of
arguments, where the zeroth item is the program name (which is ignored
here). Usage help is printed if deemed appropriate (e.g., no arguments
are given). This function always terminates with an exception, with
the exception being a SystemExit(0) in case of success.

Note that we don’t actually use argv[0] to set argv0 because it
will generally be the full path to the script name, which is
unattractive.










	
exception pwkit.cli.multitool.UsageError(fmt, *args)[source]

	Raised if illegal command-line arguments are used in a Multitool
program.









          

      

      

    


    
         Copyright 2015, Peter K. G. Williams and collaborators.
      Created using Sphinx 1.3.1.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	pwkit 0.6.99 documentation 
 
      

    


    
      
          
            
  
Behind-the-scenes infrastructure

This documentation has a lot of stubs.



	Interfacing with other software environments (pwkit.environments)

	Helper for decorators on class methods (pwkit.method_decorator)
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Interfacing with other software environments (pwkit.environments)

pwkit.environments - working with external software environments

Classes:


Environment - base class for launching programs in an external environment.


Submodules:


heasoft - HEAsoft
sas     - SAS


Functions:


prepend_environ_path - Prepend into a $PATH in an environment dict.
prepend_path         - Prepend text into a $PATH-like environment variable.
user_data_path       - Generate paths for storing miscellaneous user data.


Standard usage is to create an Environment instance, then use its
launch(argv, ...) method to run programs in the specified environment.
launch() returns a subprocess.Popen instance that can be used in the
standard ways.


	
pwkit.environments.prepend_environ_path(env, name, text, pathsep=':')[source]

	Prepend text into a $PATH-like environment variable. env is a
dictionary of environment variables and name is the variable name.
pathsep is the character separating path elements, defaulting to
os.pathsep. The variable will be created if it is not already in env.
Returns env.

Example:

prepend_environ_path (env, b’PATH’, b’/mypackage/bin’)






	
pwkit.environments.prepend_path(orig, text, pathsep=':')[source]

	Returns a $PATH-like environment variable with text prepended. orig is
the original variable value, or None. pathsep is the character
separating path elements, defaulting to os.pathsep.

Example:

newpath = cli.prepend_path (oldpath, ‘/mypackage/bin’)

See also prepend_environ_path.









          

      

      

    


    
         Copyright 2015, Peter K. G. Williams and collaborators.
      Created using Sphinx 1.3.1.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          previous |

        	pwkit 0.6.99 documentation 

          	Behind-the-scenes infrastructure 
 
      

    


    
      
          
            
  
Helper for decorators on class methods (pwkit.method_decorator)

Python decorator that knows the class the decorated method is bound to.

Please see full description here:
https://github.com/denis-ryzhkov/method_decorator/blob/master/README.md

method_decorator version 0.1.3
Copyright (C) 2013 by Denis Ryzhkov <denisr@denisr.com>
MIT License, see http://opensource.org/licenses/MIT
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  Source code for pwkit

# -*- mode: python; coding: utf-8 -*-
# Copyright 2014-2015 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""
Peter Williams' toolkit for science and astronomy.

Modules in this package:

  (this one)       - Exceptions, Holder class, Python 3 compat help.
  astimage         - Generic I/O interface for astronomical images (FITS, CASA, MIRIAD).
  astutil          - Miscellaneous astronomy-related constants and functions.
  bblocks          - Bayesian Blocks analysis for binning time-tagged events.
  cgs              - Physical constants in CGS.
  cli              - Utilities for command-line programs.
  colormaps        - Mapping scalars into a color palette for visualization.
  contours         - Tracing contours in functions and data.
  data_gui_helpers - Helpers for GUIs for investigating data arrays.
  ellipses         - Computations with ellipses in several parametrizations.
  environments     - Interfacing with external software environments (SAS, CIAO, etc).
  immodel          - Analytical modeling of astronomical images.
  inifile          - Simple ini-format file parser.
  io               - Utilities for input and output.
  kbn_conf         - Calculate Poisson-like confidence intervals assuming a background.
  kwargv           - Keyword-style argument parsing.
  latex            - Tools for interacting with the LaTeX typesetting system.
  lmmin            - Levenberg-Marquardt least-squares function minimizer.
  lsqmdl           - Model data with least-squares fitting.
  method_decorator - Utility for writing decorators that go on methods in classes.
  msmt             - Framework for working with uncertain measurements.
  ndshow_gtk2      - Visualize data arrays as interactive images, using Gtk+2.
  ndshow_gtk2      - Visualize data arrays as interactive images, using Gtk+3.
  numutil          - Basic NumPy and generic numerical utilities.
  parallel         - Utilities for parallel processing.
  pdm              - Finding periods in data with Phase Dispersion Minimization.
  phoenix          - Working with Phoenix-based model atmospheres.
  radio_cal_models - Models of radio-wavelength calibrator flux densities.
  slurp            - Streaming output from sub-programs.
  synphot          - Synthetic photometry and database of instrumental bandpasses.
  tabfile          - I/O on typed tabular files containing uncertain measurements.
  tinifile         - I/O on typed ini-format files containing uncertain measurements.
  ucd_physics      - Estimating physical quantities for M stars and UCDs.
  unicode_to_latex - Rendering Unicode to LaTeX.


Classes in the toplevel module:

  Holder      - A "namespace object" that just lets you assign attributes.
  PKError     - Base exception class for PWKit
  binary_type - The binary data type: either `str` (Python 2.x) or `bytes` (Python 3.x)
  text_type   - The text data type: either `unicode` (Python 2.x) or `str` (Python 3.x)

Functions in the toplevel module:

  reraise_context - Reraise an exception with additional contextual information
                    in the message.
  unicode_to_str  - Write `def __unicode__ (self): ... ; __str__ = unicode_to_str`
                    in classes.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'Holder PKError binary_type reraise_context text_type '
           b'unicode_to_str').split ()

__version__ = '0.6.99' # also edit ../setup.py, ../docs/source/conf.py!

# Lightly-exercised simultaneous Python 2 and 3 compat.
import sys
if sys.version < '3':
    text_type = unicode
    binary_type = str
    unicode_to_str = lambda s: s.__unicode__ ().encode ('utf8')
else:
    text_type = str
    binary_type = bytes
    unicode_to_str = lambda s: s.__unicode__ ()


class PKError (Exception):
    def __init__ (self, fmt, *args):
        if not len (args):
            self.args = (text_type (fmt), )
        else:
            self.args = (text_type (fmt) % args, )

    def __unicode__ (self):
        return self.args[0]

    __str__ = unicode_to_str

    def __repr__ (self):
        return 'PKError(' + repr (self.args[0]) + ')'


def reraise_context (fmt, *args):
    """Reraise an exception with its message modified to specify additional
    context.

    """
    if len (args):
        cstr = fmt % args
    else:
        cstr = text_type (fmt)

    ex = sys.exc_info ()[1]

    if isinstance (ex, EnvironmentError):
        ex.strerror = '%s: %s' % (cstr, ex.strerror)
        ex.args = (ex.errno, ex.strerror)
    else:
        if len (ex.args):
            cstr = '%s: %s' % (cstr, ex.args[0])
        ex.args = (cstr, ) + ex.args[1:]

    raise


[docs]class Holder (object):
    """A basic 'namespace class' that provides you a place to easily stick named
    data with a minimum of fuss.

    Holder (name1=val1, name2=val2, ...)

    Provides nice str/unicode/repr representations, and basic manipulations:

    set(**kwargs)            - Set named keys as a group
    set_one (name, value)    - Set a specific key
    get (name, defval=None)  - Retrieve a key with an optional default
    has (name)               - Test whether a key is in the Holder
                               (can also test `name in holderobj`)
    copy ()                  - Make a shallow clone of the Holder
    to_dict ()               - Return a copy of the contents as a dict
    to_pretty (format='str') - Return aligned, multi-line stringification

    Iterating over a Holder yields its contents in the form of a sequence of
    (name, value) tuples.

    This class may also be used as a decorator on a class definition to transform
    its contents into a Holder instance. Writing:

        @Holder
        class mydata ():
            a = 1
            b = 'hello'

    creates a Holder instance named 'mydata' containing names 'a' and 'b'.
    This can be a convenient way to populate one-off data structures.

    """
    def __init__ (self, __decorating=None, **kwargs):
        import types

        if __decorating is None:
            values = kwargs
        elif isinstance (__decorating, (type, types.ClassType)):
            # We're decorating a class definition. Transform the definition
            # into a Holder instance thusly:
            values = dict (kv for kv in __decorating.__dict__.iteritems ()
                           if not kv[0].startswith ('__'))
        else:
            # You could imagine allowing @Holder on a function and doing
            # something with its return value, but I can't think of a use that
            # would be more sensible than just creating and returning a Holder
            # directly.
            raise ValueError ('unexpected use of Holder as a decorator (on %r)'
                              % __decorating)

        self.set (**values)

[docs]    def __unicode__ (self):
        d = self.__dict__
        s = sorted (d.iterkeys ())
        return '{' + ', '.join ('%s=%s' % (k, d[k]) for k in s) + '}'


    __str__ = unicode_to_str

[docs]    def __repr__ (self):
        d = self.__dict__
        s = sorted (d.iterkeys ())
        return b'%s(%s)' % (self.__class__.__name__,
                            b', '.join (b'%s=%r' % (k, d[k]) for k in s))


[docs]    def __iter__ (self):
        return self.__dict__.iteritems ()


[docs]    def __contains__ (self, key):
        return key in self.__dict__


[docs]    def set (self, **kwargs):
        self.__dict__.update (kwargs)
        return self


[docs]    def get (self, name, defval=None):
        return self.__dict__.get (name, defval)


[docs]    def set_one (self, name, value):
        self.__dict__[name] = value
        return self


[docs]    def has (self, name):
        return name in self.__dict__


[docs]    def copy (self):
        new = self.__class__ ()
        new.__dict__ = dict (self.__dict__)
        return new


[docs]    def to_dict (self):
        return self.__dict__.copy ()


[docs]    def to_pretty (self, format='str'):
        if format == 'str':
            template = '%-*s = %s'
        elif format == 'repr':
            template = '%-*s = %r'
        else:
            raise ValueError ('unrecognied value for "format": %r' % format)

        d = self.__dict__
        maxlen = 0

        for k in d.iterkeys ():
            maxlen = max (maxlen, len (k))

        return '\n'.join (template % (maxlen, k, d[k])
                          for k in sorted (d.iterkeys ()))
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  Source code for pathlib

import fnmatch
import functools
import io
import ntpath
import os
import posixpath
import re
import sys
import time
from collections import Sequence
from contextlib import contextmanager
from errno import EINVAL, ENOENT
from operator import attrgetter
from stat import S_ISDIR, S_ISLNK, S_ISREG, S_ISSOCK, S_ISBLK, S_ISCHR, S_ISFIFO
try:
    from urllib import quote as urlquote, quote as urlquote_from_bytes
except ImportError:
    from urllib.parse import quote as urlquote, quote_from_bytes as urlquote_from_bytes


try:
    intern = intern
except NameError:
    intern = sys.intern
try:
    basestring = basestring
except NameError:
    basestring = str

supports_symlinks = True
try:
    import nt
except ImportError:
    nt = None
else:
    if sys.getwindowsversion()[:2] >= (6, 0) and sys.version_info >= (3, 2):
        from nt import _getfinalpathname
    else:
        supports_symlinks = False
        _getfinalpathname = None


__all__ = [
    "PurePath", "PurePosixPath", "PureWindowsPath",
    "Path", "PosixPath", "WindowsPath",
    ]

#
# Internals
#

_py2 = sys.version_info < (3,)
_py2_fs_encoding = 'ascii'

def _py2_fsencode(parts):
    # py2 => minimal unicode support
    return [part.encode(_py2_fs_encoding) if isinstance(part, unicode)
            else part for part in parts]

def _is_wildcard_pattern(pat):
    # Whether this pattern needs actual matching using fnmatch, or can
    # be looked up directly as a file.
    return "*" in pat or "?" in pat or "[" in pat


class _Flavour(object):
    """A flavour implements a particular (platform-specific) set of path
    semantics."""

    def __init__(self):
        self.join = self.sep.join

    def parse_parts(self, parts):
        if _py2:
            parts = _py2_fsencode(parts)
        parsed = []
        sep = self.sep
        altsep = self.altsep
        drv = root = ''
        it = reversed(parts)
        for part in it:
            if not part:
                continue
            if altsep:
                part = part.replace(altsep, sep)
            drv, root, rel = self.splitroot(part)
            if sep in rel:
                for x in reversed(rel.split(sep)):
                    if x and x != '.':
                        parsed.append(intern(x))
            else:
                if rel and rel != '.':
                    parsed.append(intern(rel))
            if drv or root:
                if not drv:
                    # If no drive is present, try to find one in the previous
                    # parts. This makes the result of parsing e.g.
                    # ("C:", "/", "a") reasonably intuitive.
                    for part in it:
                        drv = self.splitroot(part)[0]
                        if drv:
                            break
                break
        if drv or root:
            parsed.append(drv + root)
        parsed.reverse()
        return drv, root, parsed

    def join_parsed_parts(self, drv, root, parts, drv2, root2, parts2):
        """
        Join the two paths represented by the respective
        (drive, root, parts) tuples.  Return a new (drive, root, parts) tuple.
        """
        if root2:
            if not drv2 and drv:
                return drv, root2, [drv + root2] + parts2[1:]
        elif drv2:
            if drv2 == drv or self.casefold(drv2) == self.casefold(drv):
                # Same drive => second path is relative to the first
                return drv, root, parts + parts2[1:]
        else:
            # Second path is non-anchored (common case)
            return drv, root, parts + parts2
        return drv2, root2, parts2


class _WindowsFlavour(_Flavour):
    # Reference for Windows paths can be found at
    # http://msdn.microsoft.com/en-us/library/aa365247%28v=vs.85%29.aspx

    sep = '\\'
    altsep = '/'
    has_drv = True
    pathmod = ntpath

    is_supported = (nt is not None)

    drive_letters = (
        set(chr(x) for x in range(ord('a'), ord('z') + 1)) |
        set(chr(x) for x in range(ord('A'), ord('Z') + 1))
    )
    ext_namespace_prefix = '\\\\?\\'

    reserved_names = (
        set(['CON', 'PRN', 'AUX', 'NUL']) |
        set(['COM%d' % i for i in range(1, 10)]) |
        set(['LPT%d' % i for i in range(1, 10)])
        )

    # Interesting findings about extended paths:
    # - '\\?\c:\a', '//?/c:\a' and '//?/c:/a' are all supported
    #   but '\\?\c:/a' is not
    # - extended paths are always absolute; "relative" extended paths will
    #   fail.

    def splitroot(self, part, sep=sep):
        first = part[0:1]
        second = part[1:2]
        if (second == sep and first == sep):
            # XXX extended paths should also disable the collapsing of "."
            # components (according to MSDN docs).
            prefix, part = self._split_extended_path(part)
            first = part[0:1]
            second = part[1:2]
        else:
            prefix = ''
        third = part[2:3]
        if (second == sep and first == sep and third != sep):
            # is a UNC path:
            # vvvvvvvvvvvvvvvvvvvvv root
            # \\machine\mountpoint\directory\etc\...
            #            directory ^^^^^^^^^^^^^^
            index = part.find(sep, 2)
            if index != -1:
                index2 = part.find(sep, index + 1)
                # a UNC path can't have two slashes in a row
                # (after the initial two)
                if index2 != index + 1:
                    if index2 == -1:
                        index2 = len(part)
                    if prefix:
                        return prefix + part[1:index2], sep, part[index2+1:]
                    else:
                        return part[:index2], sep, part[index2+1:]
        drv = root = ''
        if second == ':' and first in self.drive_letters:
            drv = part[:2]
            part = part[2:]
            first = third
        if first == sep:
            root = first
            part = part.lstrip(sep)
        return prefix + drv, root, part

    def casefold(self, s):
        return s.lower()

    def casefold_parts(self, parts):
        return [p.lower() for p in parts]

    def resolve(self, path):
        s = str(path)
        if not s:
            return os.getcwd()
        if _getfinalpathname is not None:
            return self._ext_to_normal(_getfinalpathname(s))
        # Means fallback on absolute
        return None

    def _split_extended_path(self, s, ext_prefix=ext_namespace_prefix):
        prefix = ''
        if s.startswith(ext_prefix):
            prefix = s[:4]
            s = s[4:]
            if s.startswith('UNC\\'):
                prefix += s[:3]
                s = '\\' + s[3:]
        return prefix, s

    def _ext_to_normal(self, s):
        # Turn back an extended path into a normal DOS-like path
        return self._split_extended_path(s)[1]

    def is_reserved(self, parts):
        # NOTE: the rules for reserved names seem somewhat complicated
        # (e.g. r"..\NUL" is reserved but not r"foo\NUL").
        # We err on the side of caution and return True for paths which are
        # not considered reserved by Windows.
        if not parts:
            return False
        if parts[0].startswith('\\\\'):
            # UNC paths are never reserved
            return False
        return parts[-1].partition('.')[0].upper() in self.reserved_names

    def make_uri(self, path):
        # Under Windows, file URIs use the UTF-8 encoding.
        drive = path.drive
        if len(drive) == 2 and drive[1] == ':':
            # It's a path on a local drive => 'file:///c:/a/b'
            rest = path.as_posix()[2:].lstrip('/')
            return 'file:///%s/%s' % (
                drive, urlquote_from_bytes(rest.encode('utf-8')))
        else:
            # It's a path on a network drive => 'file://host/share/a/b'
            return 'file:' + urlquote_from_bytes(path.as_posix().encode('utf-8'))


class _PosixFlavour(_Flavour):
    sep = '/'
    altsep = ''
    has_drv = False
    pathmod = posixpath

    is_supported = (os.name != 'nt')

    def splitroot(self, part, sep=sep):
        if part and part[0] == sep:
            stripped_part = part.lstrip(sep)
            # According to POSIX path resolution:
            # http://pubs.opengroup.org/onlinepubs/009695399/basedefs/xbd_chap04.html#tag_04_11
            # "A pathname that begins with two successive slashes may be
            # interpreted in an implementation-defined manner, although more
            # than two leading slashes shall be treated as a single slash".
            if len(part) - len(stripped_part) == 2:
                return '', sep * 2, stripped_part
            else:
                return '', sep, stripped_part
        else:
            return '', '', part

    def casefold(self, s):
        return s

    def casefold_parts(self, parts):
        return parts

    def resolve(self, path):
        sep = self.sep
        accessor = path._accessor
        seen = {}
        def _resolve(path, rest):
            if rest.startswith(sep):
                path = ''

            for name in rest.split(sep):
                if not name or name == '.':
                    # current dir
                    continue
                if name == '..':
                    # parent dir
                    path, _, _ = path.rpartition(sep)
                    continue
                newpath = path + sep + name
                if newpath in seen:
                    # Already seen this path
                    path = seen[newpath]
                    if path is not None:
                        # use cached value
                        continue
                    # The symlink is not resolved, so we must have a symlink loop.
                    raise RuntimeError("Symlink loop from %r" % newpath)
                # Resolve the symbolic link
                try:
                    target = accessor.readlink(newpath)
                except OSError as e:
                    if e.errno != EINVAL:
                        raise
                    # Not a symlink
                    path = newpath
                else:
                    seen[newpath] = None # not resolved symlink
                    path = _resolve(path, target)
                    seen[newpath] = path # resolved symlink

            return path
        # NOTE: according to POSIX, getcwd() cannot contain path components
        # which are symlinks.
        base = '' if path.is_absolute() else os.getcwd()
        return _resolve(base, str(path)) or sep

    def is_reserved(self, parts):
        return False

    def make_uri(self, path):
        # We represent the path using the local filesystem encoding,
        # for portability to other applications.
        bpath = bytes(path)
        return 'file://' + urlquote_from_bytes(bpath)


_windows_flavour = _WindowsFlavour()
_posix_flavour = _PosixFlavour()


class _Accessor:
    """An accessor implements a particular (system-specific or not) way of
    accessing paths on the filesystem."""


class _NormalAccessor(_Accessor):

    def _wrap_strfunc(strfunc):
        @functools.wraps(strfunc)
        def wrapped(pathobj, *args):
            return strfunc(str(pathobj), *args)
        return staticmethod(wrapped)

    def _wrap_binary_strfunc(strfunc):
        @functools.wraps(strfunc)
        def wrapped(pathobjA, pathobjB, *args):
            return strfunc(str(pathobjA), str(pathobjB), *args)
        return staticmethod(wrapped)

    stat = _wrap_strfunc(os.stat)

    lstat = _wrap_strfunc(os.lstat)

    open = _wrap_strfunc(os.open)

    listdir = _wrap_strfunc(os.listdir)

    chmod = _wrap_strfunc(os.chmod)

    if hasattr(os, "lchmod"):
        lchmod = _wrap_strfunc(os.lchmod)
    else:
        def lchmod(self, pathobj, mode):
            raise NotImplementedError("lchmod() not available on this system")

    mkdir = _wrap_strfunc(os.mkdir)

    unlink = _wrap_strfunc(os.unlink)

    rmdir = _wrap_strfunc(os.rmdir)

    rename = _wrap_binary_strfunc(os.rename)

    if sys.version_info >= (3, 3):
        replace = _wrap_binary_strfunc(os.replace)

    if nt:
        if supports_symlinks:
            symlink = _wrap_binary_strfunc(os.symlink)
        else:
            def symlink(a, b, target_is_directory):
                raise NotImplementedError("symlink() not available on this system")
    else:
        # Under POSIX, os.symlink() takes two args
        @staticmethod
        def symlink(a, b, target_is_directory):
            return os.symlink(str(a), str(b))

    utime = _wrap_strfunc(os.utime)

    # Helper for resolve()
    def readlink(self, path):
        return os.readlink(path)


_normal_accessor = _NormalAccessor()


#
# Globbing helpers
#

@contextmanager
def _cached(func):
    try:
        func.__cached__
        yield func
    except AttributeError:
        cache = {}
        def wrapper(*args):
            try:
                return cache[args]
            except KeyError:
                value = cache[args] = func(*args)
                return value
        wrapper.__cached__ = True
        try:
            yield wrapper
        finally:
            cache.clear()

def _make_selector(pattern_parts):
    pat = pattern_parts[0]
    child_parts = pattern_parts[1:]
    if pat == '**':
        cls = _RecursiveWildcardSelector
    elif '**' in pat:
        raise ValueError("Invalid pattern: '**' can only be an entire path component")
    elif _is_wildcard_pattern(pat):
        cls = _WildcardSelector
    else:
        cls = _PreciseSelector
    return cls(pat, child_parts)

if hasattr(functools, "lru_cache"):
    _make_selector = functools.lru_cache()(_make_selector)


class _Selector:
    """A selector matches a specific glob pattern part against the children
    of a given path."""

    def __init__(self, child_parts):
        self.child_parts = child_parts
        if child_parts:
            self.successor = _make_selector(child_parts)
        else:
            self.successor = _TerminatingSelector()

    def select_from(self, parent_path):
        """Iterate over all child paths of `parent_path` matched by this
        selector.  This can contain parent_path itself."""
        path_cls = type(parent_path)
        is_dir = path_cls.is_dir
        exists = path_cls.exists
        listdir = parent_path._accessor.listdir
        return self._select_from(parent_path, is_dir, exists, listdir)


class _TerminatingSelector:

    def _select_from(self, parent_path, is_dir, exists, listdir):
        yield parent_path


class _PreciseSelector(_Selector):

    def __init__(self, name, child_parts):
        self.name = name
        _Selector.__init__(self, child_parts)

    def _select_from(self, parent_path, is_dir, exists, listdir):
        if not is_dir(parent_path):
            return
        path = parent_path._make_child_relpath(self.name)
        if exists(path):
            for p in self.successor._select_from(path, is_dir, exists, listdir):
                yield p


class _WildcardSelector(_Selector):

    def __init__(self, pat, child_parts):
        self.pat = re.compile(fnmatch.translate(pat))
        _Selector.__init__(self, child_parts)

    def _select_from(self, parent_path, is_dir, exists, listdir):
        if not is_dir(parent_path):
            return
        cf = parent_path._flavour.casefold
        for name in listdir(parent_path):
            casefolded = cf(name)
            if self.pat.match(casefolded):
                path = parent_path._make_child_relpath(name)
                for p in self.successor._select_from(path, is_dir, exists, listdir):
                    yield p


class _RecursiveWildcardSelector(_Selector):

    def __init__(self, pat, child_parts):
        _Selector.__init__(self, child_parts)

    def _iterate_directories(self, parent_path, is_dir, listdir):
        yield parent_path
        for name in listdir(parent_path):
            path = parent_path._make_child_relpath(name)
            if is_dir(path):
                for p in self._iterate_directories(path, is_dir, listdir):
                    yield p

    def _select_from(self, parent_path, is_dir, exists, listdir):
        if not is_dir(parent_path):
            return
        with _cached(listdir) as listdir:
            yielded = set()
            try:
                successor_select = self.successor._select_from
                for starting_point in self._iterate_directories(parent_path, is_dir, listdir):
                    for p in successor_select(starting_point, is_dir, exists, listdir):
                        if p not in yielded:
                            yield p
                            yielded.add(p)
            finally:
                yielded.clear()


#
# Public API
#

class _PathParents(Sequence):
    """This object provides sequence-like access to the logical ancestors
    of a path.  Don't try to construct it yourself."""
    __slots__ = ('_pathcls', '_drv', '_root', '_parts')

    def __init__(self, path):
        # We don't store the instance to avoid reference cycles
        self._pathcls = type(path)
        self._drv = path._drv
        self._root = path._root
        self._parts = path._parts

    def __len__(self):
        if self._drv or self._root:
            return len(self._parts) - 1
        else:
            return len(self._parts)

    def __getitem__(self, idx):
        if idx < 0 or idx >= len(self):
            raise IndexError(idx)
        return self._pathcls._from_parsed_parts(self._drv, self._root,
                                                self._parts[:-idx - 1])

    def __repr__(self):
        return "<{0}.parents>".format(self._pathcls.__name__)


class PurePath(object):
    """PurePath represents a filesystem path and offers operations which
    don't imply any actual filesystem I/O.  Depending on your system,
    instantiating a PurePath will return either a PurePosixPath or a
    PureWindowsPath object.  You can also instantiate either of these classes
    directly, regardless of your system.
    """
    __slots__ = (
        '_drv', '_root', '_parts',
        '_str', '_hash', '_pparts', '_cached_cparts',
    )

    def __new__(cls, *args):
        """Construct a PurePath from one or several strings and or existing
        PurePath objects.  The strings and path objects are combined so as
        to yield a canonicalized path, which is incorporated into the
        new PurePath object.
        """
        if cls is PurePath:
            cls = PureWindowsPath if os.name == 'nt' else PurePosixPath
        return cls._from_parts(args)

    def __reduce__(self):
        # Using the parts tuple helps share interned path parts
        # when pickling related paths.
        return (self.__class__, tuple(self._parts))

    @classmethod
    def _parse_args(cls, args):
        # This is useful when you don't want to create an instance, just
        # canonicalize some constructor arguments.
        parts = []
        for a in args:
            if isinstance(a, PurePath):
                parts += a._parts
            elif isinstance(a, basestring):
                parts.append(a)
            else:
                raise TypeError(
                    "argument should be a path or str object, not %r"
                    % type(a))
        return cls._flavour.parse_parts(parts)

    @classmethod
    def _from_parts(cls, args, init=True):
        # We need to call _parse_args on the instance, so as to get the
        # right flavour.
        self = object.__new__(cls)
        drv, root, parts = self._parse_args(args)
        self._drv = drv
        self._root = root
        self._parts = parts
        if init:
            self._init()
        return self

    @classmethod
    def _from_parsed_parts(cls, drv, root, parts, init=True):
        self = object.__new__(cls)
        self._drv = drv
        self._root = root
        self._parts = parts
        if init:
            self._init()
        return self

    @classmethod
    def _format_parsed_parts(cls, drv, root, parts):
        if drv or root:
            return drv + root + cls._flavour.join(parts[1:])
        else:
            return cls._flavour.join(parts)

    def _init(self):
        # Overriden in concrete Path
        pass

    def _make_child(self, args):
        drv, root, parts = self._parse_args(args)
        drv, root, parts = self._flavour.join_parsed_parts(
            self._drv, self._root, self._parts, drv, root, parts)
        return self._from_parsed_parts(drv, root, parts)

    def __str__(self):
        """Return the string representation of the path, suitable for
        passing to system calls."""
        try:
            return self._str
        except AttributeError:
            self._str = self._format_parsed_parts(self._drv, self._root,
                                                  self._parts) or '.'
            return self._str

    def as_posix(self):
        """Return the string representation of the path with forward (/)
        slashes."""
        f = self._flavour
        return str(self).replace(f.sep, '/')

    def __bytes__(self):
        """Return the bytes representation of the path.  This is only
        recommended to use under Unix."""
        if sys.version_info < (3, 2):
            raise NotImplementedError("needs Python 3.2 or later")
        return os.fsencode(str(self))

    def __repr__(self):
        return "{0}({1!r})".format(self.__class__.__name__, self.as_posix())

    def as_uri(self):
        """Return the path as a 'file' URI."""
        if not self.is_absolute():
            raise ValueError("relative path can't be expressed as a file URI")
        return self._flavour.make_uri(self)

    @property
    def _cparts(self):
        # Cached casefolded parts, for hashing and comparison
        try:
            return self._cached_cparts
        except AttributeError:
            self._cached_cparts = self._flavour.casefold_parts(self._parts)
            return self._cached_cparts

    def __eq__(self, other):
        if not isinstance(other, PurePath):
            return NotImplemented
        return self._cparts == other._cparts and self._flavour is other._flavour

    def __ne__(self, other):
        return not self == other

    def __hash__(self):
        try:
            return self._hash
        except AttributeError:
            self._hash = hash(tuple(self._cparts))
            return self._hash

    def __lt__(self, other):
        if not isinstance(other, PurePath) or self._flavour is not other._flavour:
            return NotImplemented
        return self._cparts < other._cparts

    def __le__(self, other):
        if not isinstance(other, PurePath) or self._flavour is not other._flavour:
            return NotImplemented
        return self._cparts <= other._cparts

    def __gt__(self, other):
        if not isinstance(other, PurePath) or self._flavour is not other._flavour:
            return NotImplemented
        return self._cparts > other._cparts

    def __ge__(self, other):
        if not isinstance(other, PurePath) or self._flavour is not other._flavour:
            return NotImplemented
        return self._cparts >= other._cparts

    drive = property(attrgetter('_drv'),
                     doc="""The drive prefix (letter or UNC path), if any.""")

    root = property(attrgetter('_root'),
                    doc="""The root of the path, if any.""")

    @property
    def anchor(self):
        """The concatenation of the drive and root, or ''."""
        anchor = self._drv + self._root
        return anchor

    @property
    def name(self):
        """The final path component, if any."""
        parts = self._parts
        if len(parts) == (1 if (self._drv or self._root) else 0):
            return ''
        return parts[-1]

    @property
    def suffix(self):
        """The final component's last suffix, if any."""
        name = self.name
        i = name.rfind('.')
        if 0 < i < len(name) - 1:
            return name[i:]
        else:
            return ''

    @property
    def suffixes(self):
        """A list of the final component's suffixes, if any."""
        name = self.name
        if name.endswith('.'):
            return []
        name = name.lstrip('.')
        return ['.' + suffix for suffix in name.split('.')[1:]]

    @property
    def stem(self):
        """The final path component, minus its last suffix."""
        name = self.name
        i = name.rfind('.')
        if 0 < i < len(name) - 1:
            return name[:i]
        else:
            return name

    def with_name(self, name):
        """Return a new path with the file name changed."""
        if not self.name:
            raise ValueError("%r has an empty name" % (self,))
        return self._from_parsed_parts(self._drv, self._root,
                                       self._parts[:-1] + [name])

    def with_suffix(self, suffix):
        """Return a new path with the file suffix changed (or added, if none)."""
        # XXX if suffix is None, should the current suffix be removed?
        drv, root, parts = self._flavour.parse_parts((suffix,))
        if drv or root or len(parts) != 1:
            raise ValueError("Invalid suffix %r" % (suffix))
        suffix = parts[0]
        if not suffix.startswith('.'):
            raise ValueError("Invalid suffix %r" % (suffix))
        name = self.name
        if not name:
            raise ValueError("%r has an empty name" % (self,))
        old_suffix = self.suffix
        if not old_suffix:
            name = name + suffix
        else:
            name = name[:-len(old_suffix)] + suffix
        return self._from_parsed_parts(self._drv, self._root,
                                       self._parts[:-1] + [name])

    def relative_to(self, *other):
        """Return the relative path to another path identified by the passed
        arguments.  If the operation is not possible (because this is not
        a subpath of the other path), raise ValueError.
        """
        # For the purpose of this method, drive and root are considered
        # separate parts, i.e.:
        #   Path('c:/').relative_to('c:')  gives Path('/')
        #   Path('c:/').relative_to('/')   raise ValueError
        if not other:
            raise TypeError("need at least one argument")
        parts = self._parts
        drv = self._drv
        root = self._root
        if root:
            abs_parts = [drv, root] + parts[1:]
        else:
            abs_parts = parts
        to_drv, to_root, to_parts = self._parse_args(other)
        if to_root:
            to_abs_parts = [to_drv, to_root] + to_parts[1:]
        else:
            to_abs_parts = to_parts
        n = len(to_abs_parts)
        cf = self._flavour.casefold_parts
        if (root or drv) if n == 0 else cf(abs_parts[:n]) != cf(to_abs_parts):
            formatted = self._format_parsed_parts(to_drv, to_root, to_parts)
            raise ValueError("{!r} does not start with {!r}"
                             .format(str(self), str(formatted)))
        return self._from_parsed_parts('', root if n == 1 else '',
                                       abs_parts[n:])

    @property
    def parts(self):
        """An object providing sequence-like access to the
        components in the filesystem path."""
        # We cache the tuple to avoid building a new one each time .parts
        # is accessed.  XXX is this necessary?
        try:
            return self._pparts
        except AttributeError:
            self._pparts = tuple(self._parts)
            return self._pparts

    def joinpath(self, *args):
        """Combine this path with one or several arguments, and return a
        new path representing either a subpath (if all arguments are relative
        paths) or a totally different path (if one of the arguments is
        anchored).
        """
        return self._make_child(args)

    def __truediv__(self, key):
        return self._make_child((key,))

    def __rtruediv__(self, key):
        return self._from_parts([key] + self._parts)

    if sys.version_info < (3,):
        __div__ = __truediv__
        __rdiv__ = __rtruediv__

    @property
    def parent(self):
        """The logical parent of the path."""
        drv = self._drv
        root = self._root
        parts = self._parts
        if len(parts) == 1 and (drv or root):
            return self
        return self._from_parsed_parts(drv, root, parts[:-1])

    @property
    def parents(self):
        """A sequence of this path's logical parents."""
        return _PathParents(self)

    def is_absolute(self):
        """True if the path is absolute (has both a root and, if applicable,
        a drive)."""
        if not self._root:
            return False
        return not self._flavour.has_drv or bool(self._drv)

    def is_reserved(self):
        """Return True if the path contains one of the special names reserved
        by the system, if any."""
        return self._flavour.is_reserved(self._parts)

    def match(self, path_pattern):
        """
        Return True if this path matches the given pattern.
        """
        cf = self._flavour.casefold
        path_pattern = cf(path_pattern)
        drv, root, pat_parts = self._flavour.parse_parts((path_pattern,))
        if not pat_parts:
            raise ValueError("empty pattern")
        if drv and drv != cf(self._drv):
            return False
        if root and root != cf(self._root):
            return False
        parts = self._cparts
        if drv or root:
            if len(pat_parts) != len(parts):
                return False
            pat_parts = pat_parts[1:]
        elif len(pat_parts) > len(parts):
            return False
        for part, pat in zip(reversed(parts), reversed(pat_parts)):
            if not fnmatch.fnmatchcase(part, pat):
                return False
        return True


class PurePosixPath(PurePath):
    _flavour = _posix_flavour
    __slots__ = ()


class PureWindowsPath(PurePath):
    _flavour = _windows_flavour
    __slots__ = ()


# Filesystem-accessing classes


class Path(PurePath):
    __slots__ = (
        '_accessor',
    )

    def __new__(cls, *args, **kwargs):
        if cls is Path:
            cls = WindowsPath if os.name == 'nt' else PosixPath
        self = cls._from_parts(args, init=False)
        if not self._flavour.is_supported:
            raise NotImplementedError("cannot instantiate %r on your system"
                                      % (cls.__name__,))
        self._init()
        return self

    def _init(self,
              # Private non-constructor arguments
              template=None,
              ):
        if template is not None:
            self._accessor = template._accessor
        else:
            self._accessor = _normal_accessor

    def _make_child_relpath(self, part):
        # This is an optimization used for dir walking.  `part` must be
        # a single part relative to this path.
        parts = self._parts + [part]
        return self._from_parsed_parts(self._drv, self._root, parts)

    def _opener(self, name, flags, mode=0o666):
        # A stub for the opener argument to built-in open()
        return self._accessor.open(self, flags, mode)

    def _raw_open(self, flags, mode=0o777):
        """
        Open the file pointed by this path and return a file descriptor,
        as os.open() does.
        """
        return self._accessor.open(self, flags, mode)

    # Public API

    @classmethod
[docs]    def cwd(cls):
        """Return a new path pointing to the current working directory
        (as returned by os.getcwd()).
        """
        return cls(os.getcwd())


[docs]    def iterdir(self):
        """Iterate over the files in this directory.  Does not yield any
        result for the special paths '.' and '..'.
        """
        for name in self._accessor.listdir(self):
            if name in ('.', '..'):
                # Yielding a path object for these makes little sense
                continue
            yield self._make_child_relpath(name)


[docs]    def glob(self, pattern):
        """Iterate over this subtree and yield all existing files (of any
        kind, including directories) matching the given pattern.
        """
        pattern = self._flavour.casefold(pattern)
        drv, root, pattern_parts = self._flavour.parse_parts((pattern,))
        if drv or root:
            raise NotImplementedError("Non-relative patterns are unsupported")
        selector = _make_selector(tuple(pattern_parts))
        for p in selector.select_from(self):
            yield p


[docs]    def rglob(self, pattern):
        """Recursively yield all existing files (of any kind, including
        directories) matching the given pattern, anywhere in this subtree.
        """
        pattern = self._flavour.casefold(pattern)
        drv, root, pattern_parts = self._flavour.parse_parts((pattern,))
        if drv or root:
            raise NotImplementedError("Non-relative patterns are unsupported")
        selector = _make_selector(("**",) + tuple(pattern_parts))
        for p in selector.select_from(self):
            yield p


[docs]    def absolute(self):
        """Return an absolute version of this path.  This function works
        even if the path doesn't point to anything.

        No normalization is done, i.e. all '.' and '..' will be kept along.
        Use resolve() to get the canonical path to a file.
        """
        # XXX untested yet!
        if self.is_absolute():
            return self
        # FIXME this must defer to the specific flavour (and, under Windows,
        # use nt._getfullpathname())
        obj = self._from_parts([os.getcwd()] + self._parts, init=False)
        obj._init(template=self)
        return obj


[docs]    def resolve(self):
        """
        Make the path absolute, resolving all symlinks on the way and also
        normalizing it (for example turning slashes into backslashes under
        Windows).
        """
        s = self._flavour.resolve(self)
        if s is None:
            # No symlink resolution => for consistency, raise an error if
            # the path doesn't exist or is forbidden
            self.stat()
            s = str(self.absolute())
        # Now we have no symlinks in the path, it's safe to normalize it.
        normed = self._flavour.pathmod.normpath(s)
        obj = self._from_parts((normed,), init=False)
        obj._init(template=self)
        return obj


[docs]    def stat(self):
        """
        Return the result of the stat() system call on this path, like
        os.stat() does.
        """
        return self._accessor.stat(self)


    def owner(self):
        """
        Return the login name of the file owner.
        """
        import pwd
        return pwd.getpwuid(self.stat().st_uid).pw_name

    def group(self):
        """
        Return the group name of the file gid.
        """
        import grp
        return grp.getgrgid(self.stat().st_gid).gr_name

[docs]    def open(self, mode='r', buffering=-1, encoding=None,
             errors=None, newline=None):
        """
        Open the file pointed by this path and return a file object, as
        the built-in open() function does.
        """
        if sys.version_info >= (3, 3):
            return io.open(str(self), mode, buffering, encoding, errors, newline,
                           opener=self._opener)
        else:
            return io.open(str(self), mode, buffering, encoding, errors, newline)


[docs]    def touch(self, mode=0o666, exist_ok=True):
        """
        Create this file with the given access mode, if it doesn't exist.
        """
        if exist_ok:
            # First try to bump modification time
            # Implementation note: GNU touch uses the UTIME_NOW option of
            # the utimensat() / futimens() functions.
            t = time.time()
            try:
                self._accessor.utime(self, (t, t))
            except OSError:
                # Avoid exception chaining
                pass
            else:
                return
        flags = os.O_CREAT | os.O_WRONLY
        if not exist_ok:
            flags |= os.O_EXCL
        fd = self._raw_open(flags, mode)
        os.close(fd)


[docs]    def mkdir(self, mode=0o777, parents=False):
        if not parents:
            self._accessor.mkdir(self, mode)
        else:
            try:
                self._accessor.mkdir(self, mode)
            except OSError as e:
                if e.errno != ENOENT:
                    raise
                self.parent.mkdir(parents=True)
                self._accessor.mkdir(self, mode)


[docs]    def chmod(self, mode):
        """
        Change the permissions of the path, like os.chmod().
        """
        self._accessor.chmod(self, mode)


    def lchmod(self, mode):
        """
        Like chmod(), except if the path points to a symlink, the symlink's
        permissions are changed, rather than its target's.
        """
        self._accessor.lchmod(self, mode)

[docs]    def unlink(self):
        """
        Remove this file or link.
        If the path is a directory, use rmdir() instead.
        """
        self._accessor.unlink(self)


[docs]    def rmdir(self):
        """
        Remove this directory.  The directory must be empty.
        """
        self._accessor.rmdir(self)


    def lstat(self):
        """
        Like stat(), except if the path points to a symlink, the symlink's
        status information is returned, rather than its target's.
        """
        return self._accessor.lstat(self)

[docs]    def rename(self, target):
        """
        Rename this path to the given path.
        """
        self._accessor.rename(self, target)


    def replace(self, target):
        """
        Rename this path to the given path, clobbering the existing
        destination if it exists.
        """
        if sys.version_info < (3, 3):
            raise NotImplementedError("replace() is only available "
                                      "with Python 3.3 and later")
        self._accessor.replace(self, target)

[docs]    def symlink_to(self, target, target_is_directory=False):
        """
        Make this path a symlink pointing to the given path.
        Note the order of arguments (self, target) is the reverse of os.symlink's.
        """
        self._accessor.symlink(target, self, target_is_directory)

    # Convenience functions for querying the stat results


[docs]    def exists(self):
        """
        Whether this path exists.
        """
        try:
            self.stat()
        except OSError as e:
            if e.errno != ENOENT:
                raise
            return False
        return True


[docs]    def is_dir(self):
        """
        Whether this path is a directory.
        """
        try:
            return S_ISDIR(self.stat().st_mode)
        except OSError as e:
            if e.errno != ENOENT:
                raise
            # Path doesn't exist or is a broken symlink
            # (see https://bitbucket.org/pitrou/pathlib/issue/12/)
            return False


[docs]    def is_file(self):
        """
        Whether this path is a regular file (also True for symlinks pointing
        to regular files).
        """
        try:
            return S_ISREG(self.stat().st_mode)
        except OSError as e:
            if e.errno != ENOENT:
                raise
            # Path doesn't exist or is a broken symlink
            # (see https://bitbucket.org/pitrou/pathlib/issue/12/)
            return False


[docs]    def is_symlink(self):
        """
        Whether this path is a symbolic link.
        """
        try:
            return S_ISLNK(self.lstat().st_mode)
        except OSError as e:
            if e.errno != ENOENT:
                raise
            # Path doesn't exist
            return False


[docs]    def is_block_device(self):
        """
        Whether this path is a block device.
        """
        try:
            return S_ISBLK(self.stat().st_mode)
        except OSError as e:
            if e.errno != ENOENT:
                raise
            # Path doesn't exist or is a broken symlink
            # (see https://bitbucket.org/pitrou/pathlib/issue/12/)
            return False


[docs]    def is_char_device(self):
        """
        Whether this path is a character device.
        """
        try:
            return S_ISCHR(self.stat().st_mode)
        except OSError as e:
            if e.errno != ENOENT:
                raise
            # Path doesn't exist or is a broken symlink
            # (see https://bitbucket.org/pitrou/pathlib/issue/12/)
            return False


[docs]    def is_fifo(self):
        """
        Whether this path is a FIFO.
        """
        try:
            return S_ISFIFO(self.stat().st_mode)
        except OSError as e:
            if e.errno != ENOENT:
                raise
            # Path doesn't exist or is a broken symlink
            # (see https://bitbucket.org/pitrou/pathlib/issue/12/)
            return False


[docs]    def is_socket(self):
        """
        Whether this path is a socket.
        """
        try:
            return S_ISSOCK(self.stat().st_mode)
        except OSError as e:
            if e.errno != ENOENT:
                raise
            # Path doesn't exist or is a broken symlink
            # (see https://bitbucket.org/pitrou/pathlib/issue/12/)
            return False



class PosixPath(Path, PurePosixPath):
    __slots__ = ()

class WindowsPath(Path, PureWindowsPath):
    __slots__ = ()
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  Source code for pwkit.slurp

# -*- mode: python; coding: utf-8 -*-
# Copyright 2015 Peter Williams <peter@newton.cx> and collaborators
# Licensed under the MIT License.

"""pwkit.slurp - run a program and capture its output."""

from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = b'Event Redirection Slurper'.split ()

import fcntl, os, signal, subprocess, sys
from select import select, error as selecterror

from . import Holder

try:
    from subprocss import DEVNULL as _DEVNULL
except ImportError:
    _DEVNULL = subprocess.STDOUT - 1

@Holder
class Event (object):
    Stdout = 'stdout'
    Stderr = 'stderr'
    ForwardedSignal = 'forwarded-signal'
    Timeout = 'timeout'


@Holder
class Redirection (object):
    Pipe = subprocess.PIPE
    Stdout = subprocess.STDOUT
    DevNull = _DEVNULL


signals_for_child = [
    signal.SIGHUP,
    signal.SIGINT,
    signal.SIGQUIT,
    signal.SIGTERM,
    signal.SIGUSR1,
    signal.SIGUSR2,
]


class SlurperIterator (object):
    def __init__ (self, parent):
        self.parent = parent

    def __iter__ (self):
        return self

    def next (self):
        if not len (self.parent._files):
            raise StopIteration ()
        return self.parent._next_lowlevel ()


def _decode_streams (event_source, which_events, encoding):
    from codecs import getincrementaldecoder
    decoders = {}

    for etype, edata in event_source:
        if etype not in which_events:
            yield etype, edata
            continue

        dec = decoders.get (etype)
        if dec is None:
            dec = decoders[etype] = getincrementaldecoder (encoding) ()

        final = not len (edata)
        result = dec.decode (edata, final)
        if len (result):
            yield etype, result # no false EOF indicators

        if final:
            yield etype, edata # make sure we have an EOF signal


def _linebreak_streams (event_source, which_events):
    partials = {}

    for etype, edata in event_source:
        if etype not in which_events:
            yield etype, edata
            continue

        if not len (edata):
            # EOF on this stream.
            trailer = partials.get (etype, edata)
            if len (trailer):
                yield etype, trailer
            yield etype, edata
            continue

        lines = (partials.get (etype, edata * 0) + edata).split (edata.__class__ (b'\n'))
        for line in lines[:-1]:
            yield etype, line
        partials[etype] = lines[-1]


[docs]class Slurper (object):
    _chunksize = 1024

    def __init__ (self, argv=None, env=None, cwd=None, propagate_signals=True,
                  timeout=10, linebreak=False, encoding=None,
                  stdin=Redirection.DevNull, stdout=Redirection.Pipe,
                  stderr=Redirection.Pipe, executable=None):
        self.proc = None
        self.argv = argv
        self.env = env
        self.cwd = cwd
        self.propagate_signals = propagate_signals
        self.timeout = timeout
        self.linebreak = linebreak
        self.encoding = encoding
        self.stdin = stdin
        self.stdout = stdout
        self.stderr = stderr
        self.executable = executable


    def __enter__ (self):
        self._prev_handlers = {}
        self._other_events = []
        self._file_event_types = {}
        self._files = []

        stdin = self.stdin
        if stdin == Redirection.DevNull:
            stdin = open (os.devnull, 'r')

        stdout = self.stdout
        if stdout == Redirection.DevNull:
            stdout = open (os.devnull, 'w')

        stderr = self.stderr
        if stderr == Redirection.DevNull:
            stderr = open (os.devnull, 'w')

        self.proc = subprocess.Popen (self.argv,
                                      env=self.env,
                                      executable=self.executable,
                                      cwd=self.cwd,
                                      stdin=stdin,
                                      stdout=stdout,
                                      stderr=stderr,
                                      shell=False)

        if self.propagate_signals:
            def handle (signum, frame):
                self.proc.send_signal (signum)
                self._other_events.insert (0, (Event.ForwardedSignal, signum))

            for signum in signals_for_child:
                self._prev_handlers[signum] = signal.signal (signum, handle)

        if stdout == Redirection.Pipe:
            self._file_event_types[self.proc.stdout.fileno ()] = Event.Stdout
            self._files.append (self.proc.stdout)

        if stderr == Redirection.Pipe:
            self._file_event_types[self.proc.stderr.fileno ()] = Event.Stderr
            self._files.append (self.proc.stderr)

        for fd in self._files:
            fl = fcntl.fcntl (fd.fileno (), fcntl.F_GETFL)
            fcntl.fcntl (fd.fileno (), fcntl.F_SETFL, fl | os.O_NONBLOCK)

        return self


    def _next_lowlevel (self):
        if len (self._other_events):
            return self._other_events.pop ()

        while True:
            try:
                rd, wr, er = select (self._files, [], [], self.timeout)
                break
            except selecterror as e:
                # if EINTR or EAGAIN, try again; we won't get EINTR unless
                # we're forwarding signals, since otherwise it'll show up as a
                # KeyboardInterrupt. "e.args[0]" is the only way to get errno.
                if e.args[0] not in (4, 11):
                    raise

        for fd in rd:
            chunk = fd.read (self._chunksize)
            if not len (chunk):
                self._files.remove (fd)
            return (self._file_event_types[fd.fileno ()], chunk)

        return (Event.Timeout, None)


    def __iter__ (self):
        result = SlurperIterator (self)

        if self.encoding is not None:
            which = frozenset ((Event.Stdout, Event.Stderr))
            result = _decode_streams (result, which, self.encoding)

        if self.linebreak:
            which = frozenset ((Event.Stdout, Event.Stderr))
            result = _linebreak_streams (result, which)

        return result


    def __exit__ (self, etype, evalue, etb):
        self.proc.wait ()

        for signum, prev_handler in self._prev_handlers.iteritems ():
            signal.signal (signum, prev_handler)

        return False






          

      

      

    


    
        © Copyright 2015, Peter K. G. Williams and collaborators.
      Created using Sphinx 1.3.1.
    

  

_modules/numpy.html


    
      Navigation


      
        		
          index


        		
          modules |


        		pwkit 0.6.99 documentation »


          		Module code »

 
      


    


    
      
          
            
  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 <http://www.scipy.org>`_.

We recommend exploring the docstrings using
`IPython <http://ipython.scipy.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.

"""
from __future__ import division, absolute_import, print_function

import sys


class ModuleDeprecationWarning(DeprecationWarning):
    """Module deprecation warning.

    The nose tester turns ordinary Deprecation warnings into test failures.
    That makes it hard to deprecate whole modules, because they get
    imported by default. So this is a special Deprecation warning that the
    nose tester will let pass without making tests fail.

    """
    pass


# 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__:
    import sys as _sys
    _sys.stderr.write('Running from numpy source directory.\n')
    del _sys
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 intepreter from there."""
        raise ImportError(msg)
    from .version import git_revision as __git_revision__
    from .version import version as __version__

    from ._import_tools import PackageLoader

    def pkgload(*packages, **options):
        loader = PackageLoader(infunc=True)
        return loader(*packages, **options)

    from . import add_newdocs
    __all__ = ['add_newdocs', 'ModuleDeprecationWarning']

    pkgload.__doc__ = PackageLoader.__call__.__doc__

    from .testing import Tester
    test = Tester().test
    bench = Tester().bench

    from . import core
    from .core import *
    from . import compat
    from . import lib
    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 *
    from .compat import long

    # Make these accessible from numpy name-space
    #  but not imported in from numpy import *
    if sys.version_info[0] >= 3:
        from builtins import bool, int, float, complex, object, str
        unicode = str
    else:
        from __builtin__ import bool, int, float, complex, object, unicode, str

    from .core import round, abs, max, min

    __all__.extend(['__version__', 'pkgload', 'PackageLoader',
               'show_config'])
    __all__.extend(core.__all__)
    __all__.extend(_mat.__all__)
    __all__.extend(lib.__all__)
    __all__.extend(['linalg', 'fft', 'random', 'ctypeslib', 'ma'])

    # Filter annoying Cython warnings that serve no good purpose.
    import warnings
    warnings.filterwarnings("ignore", message="numpy.dtype size changed")
    warnings.filterwarnings("ignore", message="numpy.ufunc size changed")
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  All modules for which code is available


		__builtin__


		numpy


		pathlib


		pwkit


		pwkit.astimage


		pwkit.astutil


		pwkit.bblocks


		pwkit.cli


		pwkit.cli.multitool




		pwkit.contours


		pwkit.data_gui_helpers


		pwkit.ellipses


		pwkit.environments


		pwkit.environments.casa.scripting


		pwkit.environments.casa.spwglue


		pwkit.environments.casa.tasks


		pwkit.environments.casa.util




		pwkit.inifile


		pwkit.io


		pwkit.kbn_conf


		pwkit.kwargv


		pwkit.latex


		pwkit.lmmin


		pwkit.lsqmdl


		pwkit.msmt
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  Source code for pwkit.msmt

# -*- mode: python; coding: utf-8 -*-
# Copyright 2013-2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT license.

"""
pwkit.msmt - Working with uncertain measurements.

Classes:

Uval       - An empirical uncertain value represented by numerical samples.
LimitError - Raised on illegal operations on upper/lower limits.
Lval       - Container for either precise values or upper/lower limits.
Textual    - A measurement recorded in textual form.

Generic unary functions on measurements:

absolute   - abs(x)
arccos     - As named.
arcsin     - As named.
arctan     - As named.
cos        - As named.
errinfo    - Get (limtype, repval, plus_1_sigma, minus_1_sigma)
expm1      - exp(x) - 1
exp        - As named.
fmtinfo    - Get (typetag, text, is_imprecise) for textual round-tripping.
isfinite   - True if the value is well-defined and finite.
liminfo    - Get (limtype, repval)
limtype    - -1 if the datum is an upper limit; 1 if lower; 0 otherwise.
log10      - As named.
log1p      - log (1+x)
log2       - As named.
log        - As named.
negative   - -x
reciprocal - 1/x
repval     - Get a "representative" value if x (in case it is uncertain).
sin        - As named.
sqrt       - As named.
square     - x**2
tan        - As named.
unwrap     - Get a version of x on which algebra can be performed.

Generic binary mathematical-ish functions:

add         - x + y
divide      - x / y; floor-integer division should be respected but usually isn't.
multiply    - x * y
power       - x ** y
subtract    - x - y
true_divide - x / y, never with floor-integer division
typealign   - Return (x*, y*) cast to same algebra-friendly type: float, Uval, or Lval.

Miscellaneous functions:

is_measurement       - Check whether an object is numerical
find_gamma_params    - Compute reasonable Γ distribution parameters given mode/stddev.
pk_scoreatpercentile - Simplified version of scipy.stats.scoreatpercentile.
sample_double_norm   - Sample from a quasi-normal distribution with asymmetric variances.
sample_gamma         - Sample from a Γ distribution with α/β parametrization.

Variables:

lval_unary_math            - Dict of unary math functions operating on Lvals.
parsers                    - Dict of type tag to parsing functions.
scalar_unary_math          - Dict of unary math functions operating on scalars.
textual_unary_math         - Dict of unary math functions operating on Textuals.
UQUANT_UNCERT              - Scale of uncertainty assumed for in cases where it's unquantified.
uval_default_repval_method - Default method for computing Uval representative values.
uval_dtype                 - The Numpy dtype of Uval data (often ignored!)
uval_nsamples              - Number of samples used when constructing Uvals
uval_unary_math            - Dict of unary math functions operating on Uvals.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = b'''LimitError Lval Textual Uval absolute arccos arcsin arctan cos errinfo
    expm1 exp fmtinfo isfinite is_measurement liminfo limtype log10 log1p log2
    log negative reciprocal repval sin sqrt square tan unwrap add divide
    multiply power subtract true_divide typealign find_gamma_params
    pk_scoreatpercentile sample_double_norm sample_gamma lval_unary_math
    parsers scalar_unary_math textual_unary_math UQUANT_UNCERT
    uval_default_repval_method uval_dtype uval_nsamples uval_unary_math'''.split ()

import operator

import numpy as np

from . import PKError, text_type, unicode_to_str


uval_nsamples = 1024
uval_dtype = np.double
uval_default_repval_method = 'pct'


# This is a copy of scipy.stats' scoreatpercentile() function with simplified
# functionality. This way we don't depend on scipy, and we can count on the
# ability to handle vector `per`, which earlier versions incorrectly didn't.
# I'm also tempted to make percentiles be in [0, 1], not [0, 100], but
# gratuitous incompatibilities seem unwise.

def pk_scoreatpercentile (a, per):
    asort = np.sort (a)
    vper = np.atleast_1d (per)

    if np.any ((vper < 0) | (vper > 100)):
        raise ValueError ('`per` must be in the range [0, 100]')

    fidx = vper / 100. * (asort.size - 1)
    # clipping iidx here gets the right behavior for per = 100:
    iidx = np.minimum (fidx.astype (np.int), asort.size - 2)
    res = (iidx + 1 - fidx) * asort[iidx] + (fidx - iidx) * asort[iidx + 1]

    if np.isscalar (per):
        return res[0]
    return res


# Double-normal distribution -- that is, pasting together two normal
# distributions with unequal left and right variances. Skew-normal distributions
# are mathematically purer but turn out to be just obnoxiously hard to work with.
# Double-normals are ad-hoc but also much more tractable.

[docs]def sample_double_norm (mean, std_upper, std_lower, size):
    """Note that this function requires Scipy."""
    from scipy.special import erfinv

    # There's probably a better way to do this. We first draw percentiles
    # uniformly between 0 and 1. We want the peak of the distribution to occur
    # at `mean`. However, if we assign 50% of the samples to the lower half
    # and 50% to the upper half, the side with the smaller variance will be
    # overrepresented because of the 1/sigma normalization of the Gaussian
    # PDF. Therefore we need to divide points between the two halves with a
    # fraction `cutoff` (defined below) going to the lower half. Having
    # partitioned them this way, we can then use the standard Gaussian
    # quantile function to go from percentiles to sample values -- except that
    # we must remap from [0, cutoff] to [0, 0.5] and from [cutoff, 1] to [0.5,
    # 1].

    samples = np.empty (size)
    percentiles = np.random.uniform (0., 1., size)
    cutoff = std_lower / (std_lower + std_upper)

    w = (percentiles < cutoff)
    percentiles[w] *= 0.5 / cutoff
    samples[w] = mean + np.sqrt (2) * std_lower * erfinv (2 * percentiles[w] - 1)

    w = ~w
    percentiles[w] = 1 - (1 - percentiles[w]) * 0.5 / (1 - cutoff)
    samples[w] = mean + np.sqrt (2) * std_upper * erfinv (2 * percentiles[w] - 1)

    return samples


# Utilities for gamma distributions. We want these for values that are
# presented as being (skew)normal but must be positive. If the uncertainty is
# not much smaller than the value, the samples can cross zero in significant
# numbers and lead to all sorts of bad behavior in some kinds of computation
# (e.g., taking logarithms, which we do a lot).


[docs]def sample_gamma (alpha, beta, size):
    """This is mostly about recording the conversion between Numpy/Scipy
    conventions and Wikipedia conventions. Some equations:

    mean = alpha / beta
    variance = alpha / beta**2
    mode = (alpha - 1) / beta [if alpha > 1; otherwise undefined]
    skewness = 2 / sqrt (alpha)
    """

    if alpha <= 0:
        raise ValueError ('alpha must be positive; got %e' % alpha)
    if beta <= 0:
        raise ValueError ('beta must be positive; got %e' % beta)
    return np.random.gamma (alpha, scale=1./beta, size=size)



[docs]def find_gamma_params (mode, std):
    """Given a modal value and a standard deviation, compute corresponding
    parameters for the gamma distribution.

    Intended to be used to replace normal distributions when the value must be
    positive and the uncertainty is comparable to the best value. Conversion
    equations determined from the relations given in the sample_gamma()
    docs.

    """
    if mode < 0:
        raise ValueError ('input mode must be positive for gamma; got %e' % mode)

    var = std**2
    beta = (mode + np.sqrt (mode**2 + 4 * var)) / (2 * var)
    j = 2 * var / mode**2
    alpha = (j + 1 + np.sqrt (2 * j + 1)) / j

    if alpha <= 1:
        raise ValueError ('couldn\'t compute self-consistent gamma parameters: '
                          'mode=%e std=%e alpha=%e beta=%e' % (mode, std, alpha, beta))

    return alpha, beta


# Scalar math.
#
# What's going on here is that we want to provide a library of standard math
# functions that can operate on any kind of measurement. Rather than writing
# several large and complicated handle-anything functions, we implement them
# independently for each data type. At the bottom of this module we then have
# some generic code the uses the type of its argument to determine which
# function to invoke. This declutters things and also lets the implementations
# of math operators take advantage of the unary functions, as is done
# extensively in the Lval implementation.
#
# For scalars, we just delegate to Numpy.


scalar_unary_math = {
    'absolute': np.absolute,
    'arccos': np.arccos,
    'arcsin': np.arcsin,
    'arctan': np.arctan,
    'cos': np.cos,
    'expm1': np.expm1,
    'exp': np.exp,
    'isfinite': np.isfinite,
    'log10': np.log10,
    'log1p': np.log1p,
    'log2': np.log2,
    'log': np.log,
    'negative': np.negative,
    'reciprocal': lambda x: 1. / x, # numpy reciprocal barfs on ints. I don't want that.
    'sin': np.sin,
    'sqrt': np.sqrt,
    'square': np.square,
    'tan': np.tan,
}


# The fundamental "Uval" class.
#
# These have a more extensive math/operator library than Lval and Textual
# since it's so easy to implement things.

def _to_uval_info (value):
    if isinstance (value, Uval):
        return value.d
    return float (value) # broadcasting FTW


def _make_uval_operator (opfunc):
    def uvalopfunc (uval, other):
        try:
            otherd = _to_uval_info (other)
        except Exception:
            return NotImplemented
        return Uval (opfunc (uval.d, otherd))
    return uvalopfunc


def _make_uval_rev_operator (opfunc):
    def uvalopfunc (uval, other):
        try:
            otherd = _to_uval_info (other)
        except Exception:
            return NotImplemented
        return Uval (opfunc (otherd, uval.d))
    return uvalopfunc


def _make_uval_inpl_operator (opfunc):
    def uvalopfunc (uval, other):
        try:
            otherd = _to_uval_info (other)
        except Exception:
            return NotImplemented
        uval.d = opfunc (uval.d, otherd)
        return uval
    return uvalopfunc


[docs]class Uval (object):
    """An empirical uncertain value, represented by samples.

    Constructors are:

    - :meth:`Uval.from_other`
    - :meth:`Uval.from_fixed`
    - :meth:`Uval.from_norm`
    - :meth:`Uval.from_unif`
    - :meth:`Uval.from_double_norm`
    - :meth:`Uval.from_gamma`
    - :meth:`Uval.from_pcount`

    Key methods are:

    - :meth:`repvals`
    - :meth:`text_pieces`
    - :meth:`format`
    - :meth:`debug_distribution`

    Supported operations are:
    ``unicode() str() repr() [latexification]  + -(sub) * // / % ** += -= *= //= %= /= **= -(neg) ~ abs()``

    """
    __slots__ = ('d', )

    # Initialization.

    def __init__ (self, data):
        self.d = data

    @staticmethod
    def from_other (o):
        if isinstance (o, Uval):
            return Uval (o.d.copy ())
        if np.isscalar (o):
            return Uval.from_fixed (o)
        raise ValueError ('cannot convert %r to a Uval' % o)

    @staticmethod
    def from_fixed (v):
        return Uval (np.zeros (uval_nsamples, dtype=uval_dtype) + v)

    @staticmethod
    def from_norm (mean, std):
        if std < 0:
            raise ValueError ('std must be positive')
        return Uval (np.random.normal (mean, std, uval_nsamples))

    @staticmethod
    def from_unif (lower_incl, upper_excl):
        if upper_excl <= lower_incl:
            raise ValueError ('upper_excl must be greater than lower_incl')
        return Uval (np.random.uniform (lower_incl, upper_excl, uval_nsamples))

    @staticmethod
    def from_double_norm (mean, std_upper, std_lower):
        if std_upper <= 0:
            raise ValueError ('double-norm upper stddev must be positive')
        if std_lower <= 0:
            raise ValueError ('double-norm lower stddev must be positive')
        return Uval (sample_double_norm (mean, std_upper, std_lower, uval_nsamples))

    @staticmethod
    def from_gamma (alpha, beta):
        if alpha <= 0:
            raise ValueError ('gamma parameter `alpha` must be positive')
        if beta <= 0:
            raise ValueError ('gamma parameter `beta` must be positive')
        return Uval (sample_gamma (alpha, beta, uval_nsamples))

    @staticmethod
[docs]    def from_pcount (nevents):
        """We assume a Poisson process. nevents is the number of events in
        some interval. The distribution of values is the distribution of the
        Poisson rate parameter given this observed number of events, where the
        "rate" is in units of events per interval of the same duration. The
        max-likelihood value is nevents, but the mean value is nevents + 1.
        The gamma distribution is obtained by assuming an improper, uniform
        prior for the rate between 0 and infinity."""
        if nevents < 0:
            raise ValueError ('Poisson parameter `nevents` must be nonnegative')
        return Uval (np.random.gamma (nevents + 1, size=uval_nsamples))


    # Interrogation. Would be nice to have a way to estimate the
    # distribution's mode -- when a scientist writes V = X +- Y, I think they
    # usually think of X as the maximum likelihood value, which is the modal
    # value. Maybe a kernel density estimator do this sensibly? Anyway, I
    # don't think we're in a position to unilaterally declare what the "best"
    # representative value is, so we provide options and let the caller
    # decide.


[docs]    def repvals (self, method):
        """Compute representative statistical values for this Uval. `method`
        may be either 'pct' or 'gauss'.

        Returns (best, plus_one_sigma, minus_one_sigma), where `best` is the
        "best" value in some sense, and the others correspond to values at
        the ~84 and 16 percentile limits, respectively. Because of the
        sampled nature of the Uval system, there is no single method to
        compute these numbers.

        The "pct" method returns the 50th, 15.866th, and 84.134th percentile
        values.

        The "gauss" method computes the mean μ and standard deviation σ of the
        samples and returns [μ, μ+σ, μ-σ].

        """
        if method == 'pct':
            return pk_scoreatpercentile (self.d, [50., 84.134, 15.866])
        if method == 'gauss':
            m, s = self.d.mean (), self.d.std ()
            return np.asarray ([m, m + s, m - s])
        raise ValueError ('unknown representative-value method "%s"' % method)


    # Textualization.


[docs]    def text_pieces (self, method, uplaces=2):
        """Return (main, dhigh, dlow, sharedexponent), all as strings. The
        delta terms do not have sign indicators. Any item except the first
        may be None.

        `method` is passed to Uval.repvals() to compute representative
        statistical limits.

        """
        md, hi, lo = self.repvals (method)

        if hi == lo:
            return '%g' % lo, None, None, None

        if not np.isfinite ([lo, md, hi]).all ():
            raise ValueError ('got nonfinite values when formatting Uval')

        # Deltas. Round to limited # of places because we don't actually know
        # the fourth moment of the thing we're trying to describe.

        from numpy import abs, ceil, floor, log10

        dh = hi - md
        dl = md - lo

        if dh <= 0:
            raise ValueError ('strange problem formatting Uval; '
                              'hi=%g md=%g dh=%g' % (hi, md, dh))
        if dl <= 0:
            raise ValueError ('strange problem formatting Uval; '
                              'lo=%g md=%g dl=%g' % (lo, md, dl))

        p = int (ceil (log10 (dh)))
        rdh = round (dh * 10**(-p), uplaces) * 10**p
        p = int (ceil (log10 (dl)))
        rdl = round (dl * 10**(-p), uplaces) * 10**p

        # The least significant place to worry about is the L.S.P. of one of
        # the deltas, which we can find relative to its M.S.P. Any precision
        # in the datum beyond this point is false.

        lsp = int (ceil (log10 (min (rdh, rdl)))) - uplaces

        # We should round the datum since it might be something like
        # 0.999+-0.1 and we're about to try to decide what its most
        # significant place is. Might get -1 rather than 0.

        rmd = round (md, -lsp)

        if rmd == -0.: # 0 = -0, too, but no problem there.
            rmd = 0.

        # The most significant place to worry about is the M.S.P. of any of
        # the datum or the deltas. rdl and rdl must be positive, but not
        # necessarily rmd.

        msp = int (floor (log10 (max (abs (rmd), rdh, rdl))))

        # If we're not very large or very small, don't use scientific
        # notation.

        if msp > -3 and msp < 3:
            srmd = '%.*f' % (-lsp, rmd)
            srdh = '%.*f' % (-lsp, rdh)
            srdl = '%.*f' % (-lsp, rdl)
            return srmd, srdh, srdl, None

        # Use scientific notation. Adjust values, then format.

        armd = rmd * 10**-msp
        ardh = rdh * 10**-msp
        ardl = rdl * 10**-msp
        prec = msp - lsp

        sarmd = '%.*f' % (prec, armd)
        sardh = '%.*f' % (prec, ardh)
        sardl = '%.*f' % (prec, ardl)
        return sarmd, sardh, sardl, str (msp)



    def format (self, method, parenexp=True, uplaces=2):
        main, dh, dl, exp = self.text_pieces (method, uplaces=uplaces)

        if exp is not None and not parenexp:
            main += 'e' + exp
            if dh is not None:
                dh += 'e' + exp
            if dl is not None:
                dl += 'e' + exp

        if dh is None:
            pmterm = ''
        elif dh == dl:
            pmterm = 'pm' + dh
        else:
            pmterm = ''.join (['p', dh, 'm', dl])

        if exp is not None and parenexp:
            return '(%s%s)e%s' % (main, pmterm, exp)

        return main + pmterm


    def __unicode__ (self):
        try:
            return self.format (uval_default_repval_method)
        except ValueError:
            return '{bad samples}'

    __str__ = unicode_to_str


    def __repr__ (self):
        formatted = self.format (uval_default_repval_method)
        v = pk_scoreatpercentile (self.d, [0, 2.5, 50, 97.5, 100])
        return '<Uval %s [min=%g l95=%g med=%g u95=%g max=%g]>' % \
            ((formatted, ) + tuple (v))


    def __pk_fmtinfo__ (self):
        return 'u', self.format ('pct', parenexp=False), True


    def __pk_latex__ (self, method=None, uplaces=1, **kwargs):
        if method is None:
            method = uval_default_repval_method
        main, dh, dl, exp = self.text_pieces (method, uplaces=uplaces)

        if dh is None:
            return r'$%s$' % main

        if dh == dl:
            pmterm = r'\pm %s' % dh
        else:
            pmterm = r'^{%s}_{%s}' % (dh, dl)

        if exp is None:
            return '$%s %s$' % (main, pmterm)

        return r'$(%s %s) \times 10^{%s}$' % (main, pmterm, exp)


    def __pk_latex_l3col__ (self, method=None, **kwargs):
        if method is None:
            method = uval_default_repval_method
        v = self.repvals (method)[0]

        from .latex import latexify_n2col
        return b'$\\sim$ & ' + latexify_n2col (v, **kwargs)


    def __pk_latex_u3col__ (self, method=None, uplaces=1, **kwargs):
        if method is None:
            method = uval_default_repval_method
        main, dh, dl, exp = self.text_pieces (method, uplaces=uplaces)

        if dh is None:
            return r'\multicolumn{3}{c}{$%s$}' % main

        if dh == dl:
            pmterm = r'$\pm\,%s$' % dh
        else:
            pmterm = r'$\pm\,^{%s}_{%s}$' % (dh, dl)

        if '.' not in main:
            mainterm = r'$%s$ & ' % main
        else:
            mainterm = r'$%s$ & $.%s$' % tuple (main.split ('.'))

        if exp is None:
            return mainterm + ' & ' + pmterm

        return ''.join (['$($', mainterm, ' & ', pmterm,
                         r'$) \times 10^{%s}$' % exp])


    # math -- http://docs.python.org/2/reference/datamodel.html#emulating-numeric-types

    __add__ = _make_uval_operator (operator.add)
    __sub__ = _make_uval_operator (operator.sub)
    __mul__ = _make_uval_operator (operator.mul)
    __floordiv__ = _make_uval_operator (operator.floordiv)
    __mod__ = _make_uval_operator (operator.mod)
    __divmod__ = _make_uval_operator (divmod)
    __pow__ = _make_uval_operator (operator.pow)
    # skipped: lshift, rshift, and, xor, or
    __div__ = _make_uval_operator (operator.div)
    __truediv__ = _make_uval_operator (operator.truediv)

    __radd__ = _make_uval_rev_operator (operator.add)
    __rsub__ = _make_uval_rev_operator (operator.sub)
    __rmul__ = _make_uval_rev_operator (operator.mul)
    __rfloordiv__ = _make_uval_rev_operator (operator.floordiv)
    __rmod__ = _make_uval_rev_operator (operator.mod)
    __rdivmod__ = _make_uval_rev_operator (divmod)
    __rpow__ = _make_uval_rev_operator (operator.pow)
    # skipped: rlshift, rrshift, rand, rxor, ror
    __rdiv__ = _make_uval_rev_operator (operator.div)
    __rtruediv__ = _make_uval_rev_operator (operator.truediv)

    __iadd__ = _make_uval_inpl_operator (operator.iadd)
    __isub__ = _make_uval_inpl_operator (operator.isub)
    __imul__ = _make_uval_inpl_operator (operator.imul)
    __ifloordiv__ = _make_uval_inpl_operator (operator.ifloordiv)
    __imod__ = _make_uval_inpl_operator (operator.imod)
    __ipow__ = _make_uval_inpl_operator (operator.ipow)
    # skipped: ilshift, irshift, iand, ixor, ior
    __idiv__ = _make_uval_inpl_operator (operator.idiv)
    __itruediv__ = _make_uval_inpl_operator (operator.itruediv)

    def __neg__ (self):
        self.d = -self.d
        return self

    def __pos__ (self):
        self.d = +self.d
        return self

    def __abs__ (self):
        self.d = np.abs (self.d)
        return self

    def __invert__ (self):
        self.d = ~self.d
        return self

    def __nonzero__ (self):
        raise TypeError ('uncertain value cannot be reduced to a boolean scalar')

    def __complex__ (self):
        raise TypeError ('uncertain value cannot be reduced to a complex scalar')

    def __int__ (self):
        raise TypeError ('uncertain value cannot be reduced to an integer scalar')

    def __long__ (self):
        raise TypeError ('uncertain value cannot be reduced to a long-integer scalar')

    def __float__ (self):
        raise TypeError ('uncertain value cannot be reduced to a float scalar')

    # skipped: oct, hex, index, coerce

    def __lt__ (self, other):
        raise TypeError ('uncertain value does not have a well-defined "<" comparison')

    def __le__ (self, other):
        raise TypeError ('uncertain value does not have a well-defined "<" comparison')

    def __eq__ (self, other):
        raise TypeError ('uncertain value does not have a well-defined "==" comparison')

    def __ne__ (self, other):
        raise TypeError ('uncertain value does not have a well-defined "!=" comparison')

    def __gt__ (self, other):
        raise TypeError ('uncertain value does not have a well-defined ">" comparison')

    def __ge__ (self, other):
        raise TypeError ('uncertain value does not have a well-defined ">=" comparison')

    def __cmp__ (self, other):
        raise TypeError ('uncertain value does not have a well-defined __cmp__ comparison')

    __hash__ = None


    def debug_distribution (self):
        import omega as om

        v = pk_scoreatpercentile (self.d, [50, 0, 0.270, 2.5, 97.5, 99.730, 100])
        median = v[0]
        v = v[1:]

        print ('median=%g mean=%g'
               % (median, self.d.mean ()))
        print ('   abs: min=%g l3σ=%g l95%%=%g .. u95%%=%g u3σ=%g max=%g'
               % tuple (v))
        print ('   rel: min=%g l3σ=%g l95%%=%g .. u95%%=%g u3σ=%g max=%g'
               % tuple (v - median))
        print ('   scl: min=%.2f l3σ=%.2f l95%%=%.2f .. u95%%=%.2f u3σ=%.2f max=%.2f'
               % tuple ((v - median) / np.abs (median)))
        return om.quickHist (self.d, bins=25)



def _make_uval_unary_math (scalarfunc):
    def uval_unary_math (v):
        return Uval (scalarfunc (_to_uval_info (v)))
    return uval_unary_math


def _uval_unary_isfinite (v):
    return np.all (np.isfinite (_to_uval_info (v)))


uval_unary_math = {
    'absolute': _make_uval_unary_math (np.absolute),
    'arccos': _make_uval_unary_math (np.arccos),
    'arcsin': _make_uval_unary_math (np.arcsin),
    'arctan': _make_uval_unary_math (np.arctan),
    'cos': _make_uval_unary_math (np.cos),
    'expm1': _make_uval_unary_math (np.expm1),
    'exp': _make_uval_unary_math (np.exp),
    'isfinite': _uval_unary_isfinite,
    'log10': _make_uval_unary_math (np.log10),
    'log1p': _make_uval_unary_math (np.log1p),
    'log2': _make_uval_unary_math (np.log2),
    'log': _make_uval_unary_math (np.log),
    'negative': _make_uval_unary_math (np.negative),
    'reciprocal': _make_uval_unary_math (lambda x: 1. / x),
    'sin': _make_uval_unary_math (np.sin),
    'sqrt': _make_uval_unary_math (np.sqrt),
    'square': _make_uval_unary_math (np.square),
    'tan': _make_uval_unary_math (np.tan),
}


# Now, limiting values. I tried to do this within the context of the Uval
# system, but it just never worked in a way that gave the results that people
# would naively expect. Lvals are one level "above" Uvals: Lvals know about
# Uvals, but not the other way around.
#
# It turns out that we have to take a somewhat complicated approach here. Say
# X is a limiting value: X < 4. If X is really any real number < 4, 1/X is
# undefined because we pass through zero and could be anywhere between
# positive and negative infinity. On the other hand, if we really mean 0 < X <
# 4, 1/X should work out to >0.25.
#
# Practical math with limits requires both possibilities. In particular, we
# sometimes want to take reciprocals or logs of numbers known to be positive,
# and sometimes we'll want to exponentiate numbers that are known to be logs.
# After several false starts, the system I've devised below seems to allow
# sane operation in the majority of cases.

_lval_pos_sigils = {
    'exact': '',
    'uncertain': '~',
    'toinf': '>',
    'tozero': '<',
    'pastzero': '<<',
    'undef': '!',
}

_lval_kmap_reciprocal = {
    'toinf': 'tozero',
    'tozero': 'toinf',
    'pastzero': 'undef',
}

_lval_kmap_add_unconditional = {
    ('exact', 'exact'): 'exact',
    ('exact', 'tozero'): 'undef',
    ('exact', 'uncertain'): 'uncertain',
    ('tozero', 'uncertain'): 'undef',
    ('uncertain', 'uncertain'): 'uncertain',
}

_lval_kmap_mul = {
    ('exact', 'exact'): 'exact',
    ('exact', 'pastzero'): 'pastzero',
    ('exact', 'toinf'): 'toinf',
    ('exact', 'tozero'): 'tozero',
    ('exact', 'uncertain'): 'uncertain',
    ('pastzero', 'pastzero'): 'undef',
    ('pastzero', 'toinf'): 'undef',
    ('pastzero', 'tozero'): 'pastzero',
    ('pastzero', 'uncertain'): 'pastzero',
    ('toinf', 'toinf'): 'toinf',
    # ('toinf', 'tozero'): special case -> >0
    ('toinf', 'uncertain'): 'toinf',
    ('tozero', 'tozero'): 'tozero',
    ('tozero', 'uncertain'): 'tozero',
    ('uncertain', 'uncertain'): 'uncertain',
}

_lval_kmap_pow_zero_to_one = {
    'pastzero': 'toinf',
    'toinf': 'tozero',
    'tozero': 'undef', # this yields a value in [v**l, 1], which is inexpressible.
}

_lval_kmap_pow_above_one = {
    'pastzero': 'tozero',
    'toinf': 'toinf',
    'tozero': 'undef', # this yields a value in [1, v**l], which is inexpressible.
}

_lval_kmap_exp = _lval_kmap_pow_above_one # same behavior

_lval_kmap_log = {
    'tozero': 'pastzero',
}


class LimitError (PKError):
    def __init__ (self):
        super (LimitError, self).__init__ ('forbidden operation on a limit value')


def _ordpair (v1, v2):
    if v1 > v2:
        return (v2, v1)
    return (v1, v2)


def _lval_add_towards_polarity (x, polarity):
    """Compute the appropriate Lval "kind" for the limit of value `x` towards
    `polarity`. Either 'toinf' or 'pastzero' depending on the sign of `x` and
    the infinity direction of polarity.

    """
    if x < 0:
        if polarity < 0:
            return Lval ('toinf', x)
        return Lval ('pastzero', x)
    elif polarity > 0:
        return Lval ('toinf', x)
    return Lval ('pastzero', x)


[docs]class Lval (object):
    """A container for either precise values or upper/lower limits. Constructed as
    ``Lval (kind, value)``, where *kind* is ``"exact"``, ``"uncertain"``,
    ``"toinf"``, ``"tozero"``, ``"pastzero"``, or ``"undef"``. Most easily
    constructed via :meth:`Textual.parse`. Can also be constructed with
    :meth:`Lval.from_other`.

    Supported operations are
    ``unicode() str() repr() -(neg) abs() + - * / ** += -= *= /= **=``.

    """
    __slots__ = ('kind', 'value')

    def __init__ (self, kind, value):
        if kind not in _lval_pos_sigils:
            raise ValueError ('unrecognized Lval kind %r' % kind)
        if not np.isscalar (value):
            raise ValueError ('Lvals must be scalars; got %r' % value)
        self.kind = kind
        self.value = value

    @staticmethod
    def from_other (o):
        if isinstance (o, Lval):
            from copy import copy
            return Lval (o.kind, copy (o.value))
        if isinstance (o, Uval):
            return Lval ('uncertain', o.repvals (uval_default_repval_method)[0])
        if np.isscalar (o):
            return Lval ('exact', float (o))
        raise ValueError ('cannot convert %r to an Lval' % o)

    # Textualization.

    def __unicode__ (self):
        s = _lval_pos_sigils[self.kind]
        if self.value < 0:
            if s == '>':
                s = '<'
            else:
                s = s.replace ('<', '>')
        return '%s%g' % (s, self.value)

    __str__ = unicode_to_str

    def __repr__ (self):
        return 'Lval(%r, %r)' % (self.kind, self.value)

    def __pk_fmtinfo__ (self):
        # Only certain kinds of Lval can successfully be roundtripped through
        # text. Positive 'tozero' values need the 'P' flag; negative tozeros
        # are inexpressible.
        if self.kind == 'undef' or (self.kind == 'tozero' and self.value < 0):
            raise ValueError ('no fmtinfo textualization of %r is possible' % self)

        if self.kind == 'tozero':
            return 'Pu', '<%g' % self.value, True

        s = _lval_pos_sigils[self.kind][0] # note: truncating << pastzero mode.
        if self.value < 0:
            if s == '>': # toinf, but we're negative.
                s = '<'
            else: # tozero disallowed, so we must be pastzero
                s = '>'

        return 'u', '%s%g' % (s, self.value), True


    def __pk_latex__ (self, undefok=False, **kwargs):
        from .latex import latexify
        base = latexify (self.value, **kwargs)

        if self.kind == 'undef':
            if undefok:
                return b''
            raise ValueError ('tried to LaTeXify undefined Lval')

        if self.kind == 'exact':
            return b'' + base

        if self.kind == 'uncertain':
            return b'$\\sim$' + base

        s = _lval_pos_sigils[self.kind][0] # note: truncating << pastzero mode.
        if self.value < 0:
            if s == '>':
                s = '<'
            else:
                s = '>'

        return b'$%s$%s' % (s, base)


    def __pk_latex_l3col__ (self, undefok=False, **kwargs):
        from .latex import latexify_n2col
        base = latexify_n2col (self.value, **kwargs)

        if self.kind == 'undef':
            if undefok:
                return b' & & '
            raise ValueError ('tried to LaTeXify undefined Lval')

        if self.kind == 'exact':
            return b'& ' + base

        if self.kind == 'uncertain':
            return b'$\\sim$ & ' + base

        s = _lval_pos_sigils[self.kind][0] # note: truncating << pastzero mode.
        if self.value < 0:
            if s == '>':
                s = '<'
            else:
                s = '>'

        return b'$%s$ & %s' % (s, base)


    # Math. We start with addition. It gets complicated!

    def __neg__ (self):
        return _lval_unary_negative (self)

    def __abs__ (self):
        return _lval_unary_absolute (self)

    def _polarity (self):
        # -2  --  limit towards -infinity
        # -1  --  limit from a negative value to zero
        # 0   --  not a limit
        # +1  --  limit from a positive value to zero
        # +2  --  limit towards +infinity

        assert self.kind != 'undef'

        if self.kind in ('uncertain', 'exact'):
            return 0

        if self.value < 0:
            if self.kind == 'toinf':
                return -2
            if self.kind == 'tozero':
                return -1
            return +2

        if self.kind == 'toinf':
            return +2
        if self.kind == 'tozero':
            return +1
        return -2


    def __add__ (self, other):
        v1 = self
        v2 = Lval.from_other (other)
        tot = v1.value + v2.value

        # Rule 1: undef trumps all.
        if v1.kind == 'undef' or v2.kind == 'undef':
            return Lval ('undef', tot)

        # Rule(s) 2: some combinations with exact/uncert values require no
        # checking of the kind or polarity.
        k = _lval_kmap_add_unconditional.get (_ordpair (v1.kind, v2.kind))
        if k is not None:
            return Lval (k, tot)

        # Rule 3: if values have same sign and same kind, we can add
        # without needing to worry about changing the kind.
        s1, s2 = np.sign (v1.value), np.sign (v2.value)
        if s1 == 0:
            s1 = 1.
        if s2 == 0:
            s2 = 1.

        if s1 == s2 and v1.kind == v2.kind:
            return Lval (v1.kind, tot)

        # Undefs and exact-ish pairs were dealt with in Rules 1 and 2; to-zero
        # and exact-ish were dealt with in Rule 2, and same-sign-same-kind was
        # dealt with in Rule 3. Therefore if we have two to-zeros, they must
        # be of opposite polarity. Rule 4: this goes to undef.

        p1, p2 = v1._polarity (), v2._polarity ()

        if max (abs (p1), abs (p2)) == 1:
            assert p1 == -p2
            return Lval ('undef', tot)

        # The only remaining possibility is a combination of a limit to
        # infinity and something else. Make sure that p1 holds an infinity
        # limit.

        if abs (p1) < 2:
            v1, v2 = v2, v1
            s1, s2 = s2, s1
            p1, p2 = p2, p1

        # Rule 5: to-infs of opposite signs go to undef.
        if p2 == -p1:
            return Lval ('undef', tot)

        # Rule 6: to-infs of same sign are add-and-normalize.
        if p1 == p2:
            return _lval_add_towards_polarity (tot, p1)

        # Rule 7: to-inf and to-zero of same polarity give the to-inf.
        # Rule 8: to-inf and to-zero of opposite polarity are add-and-normalize.
        if np.abs (p2) == 1:
            if p1 * p2 > 0:
                return v1
            return _lval_add_towards_polarity (tot, p1)

        # Rule 9: to-inf and constant-ish are add-and-normalize.
        if p2 == 0:
            return _lval_add_towards_polarity (tot, p1)

        assert False, 'not reached'

    __radd__ = __add__

    def __sub__ (self, other):
        other = Lval.from_other (other)
        other = -other
        return self + other

    def __rsub__ (self, other):
        other = Lval.from_other (other)
        return other + -self

    def __iadd__ (self, other):
        other = Lval.from_other (other)
        tmp = self + other
        self.kind, self.value = tmp.kind, tmp.value
        return self

    def __isub__ (self, other):
        other = Lval.from_other (other)
        other = -other
        tmp = self + other
        self.kind, self.value = tmp.kind, tmp.value
        return self

    # Multiplication!

    def __mul__ (self, other):
        v1 = self
        v2 = Lval.from_other (other)
        negative = False

        if v1.value < 0:
            negative = not negative
            v1 = -v1

        if v2.value < 0:
            negative = not negative
            v2 = -v2

        prod = v1.value * v2.value

        if v1.kind == 'undef' or v2.kind == 'undef':
            return Lval ('undef', prod)

        ordkind = _ordpair (v1.kind, v2.kind)

        if ordkind == ('toinf', 'tozero'):
            rv = Lval ('toinf', 0.)
        else:
            rv = Lval (_lval_kmap_mul[ordkind], prod)

        if negative:
            return -rv
        return rv

    __rmul__ = __mul__

    def __div__ (self, other):
        other = Lval.from_other (other)
        other = _lval_unary_reciprocal (other)
        return self * other

    def __rdiv__ (self, other):
        other = Lval.from_other (other)
        tmp = _lval_unary_reciprocal (self)
        return other * tmp

    __truediv__ = __div__

    __rtruediv__ = __rdiv__

    def __imul__ (self, other):
        other = Lval.from_other (other)
        tmp = self * other
        self.kind, self.value = tmp.kind, tmp.value
        return self

    def __idiv__ (self, other):
        other = Lval.from_other (other)
        other = _lval_unary_reciprocal (other)
        tmp = self * other
        self.kind, self.value = tmp.kind, tmp.value
        return self

    __itruediv__ = __idiv__

    # Exponentiation.

    def __pow__ (self, other, modulo=None):
        if modulo is not None:
            raise ValueError ('powmod behavior forbidden with Lvals')

        try:
            v = float (other)
        except TypeError:
            raise ValueError ('Lvals can only be exponentiated by exact values')

        if self.kind == 'undef':
            # It's not worth trying to get a reasonable value in this case.
            return Lval ('undef', np.nan)

        if v == 0:
            return Lval ('exact', 1.)

        reciprocate = (v < 0)
        if reciprocate:
            v = -v

        i = int (v)

        if v != i:
            # For us, fractional powers are only defined on positive numbers,
            # which gives us a fairly small number of valid cases to worry
            # about.
            if self.value <= 0 or self.kind == 'pastzero':
                return Lval ('undef', np.nan)
            rv = Lval (self.kind, self.value**v)
        else:
            # We can deal with integer exponentiation as a series of
            # multiplies. Not the most efficient, but reduces the chance for
            # bugs.
            rv = Lval.from_other (self)
            for _ in xrange (i - 1):
                rv *= self

        if reciprocate:
            rv = _lval_unary_reciprocal (rv)
        return rv


    def __rpow__ (self, other, modulo=None):
        if modulo is not None:
            raise ValueError ('powmod behavior forbidden with Lvals')

        if self.kind == 'undef':
            return Lval ('undef', np.nan)

        if self.kind == 'exact':
            # In this very special case, we can delegate.
            return other ** self.value

        # In all other cases, we're exponentiating by a fractional value,
        # so we're only valid for nonnegative numbers.

        try:
            v = float (other)
        except TypeError:
            raise ValueError ('Lvals can only exponentiate exact values')

        if v < 0:
            raise ValueError ('Lvals can only exponentiate nonnegative values')

        reciprocate = (self.value < 0)
        exponent = self # NOTE: no use of 'self' from here on out!
        if reciprocate:
            exponent = -exponent

        if v == 0:
            if exponent.kind == 'pastzero':
                return Lval ('undef', np.nan)
            # We ignore the fact that 0**0 = 1.
            rv = Lval ('exact', 0.)
        elif v < 1:
            k = _lval_kmap_pow_zero_to_one.get (exponent.kind, exponent.kind)
            rv = Lval (k, v**exponent.value)
        else:
            k = _lval_kmap_pow_above_one.get (exponent.kind, exponent.kind)
            rv = Lval (k, v**exponent.value)

        if reciprocate:
            rv = _lval_unary_reciprocal (rv)
        return rv


    def __ipow__ (self, other, modulo=None):
        tmp = pow (self, other, modulo)
        self.kind, self.value = tmp.kind, tmp.value
        return self


    __hash__ = None



def _make_lval_unary_math_nolimits (scalarfunc):
    def lval_unary_math_nolimits (v):
        v = Lval.from_other (v)
        if v.kind == 'upper' or v.kind == 'lower':
            raise LimitError ()
        return Lval (v.kind, scalarfunc (value))
    return lval_unary_math_nolimits


def _lval_unary_absolute (v):
    v = Lval.from_other (v)

    if v.kind == 'pastzero':
        return Lval ('toinf', 0.) # can't argue with this!
    return Lval (v.kind, abs (v.value))


def _lval_unary_exp (v):
    v = Lval.from_other (v)

    reciprocate = (v.value < 0)
    if reciprocate:
        v = -v

    rv = Lval (_lval_kmap_exp.get (v.kind, v.kind), np.exp (v.value))
    if reciprocate:
        rv = _lval_unary_reciprocal (rv)
    return rv


def _lval_unary_isfinite (v):
    v = Lval.from_other (v)

    if v.kind == 'undef':
        return False
    return np.isfinite (v.value)


def _make_lval_unary_log (scalarfunc):
    def lval_unary_log (v):
        v = Lval.from_other (v)
        if v.value <= 0 or v.kind in ('undef', 'pastzero'):
            return Lval ('undef', np.nan)
        return Lval (_lval_kmap_log.get (v.kind, v.kind),
                     scalarfunc (v.value))
    return lval_unary_log


def _lval_unary_negative (v):
    # In this convenient case, the `kind` doesn't change.
    v = Lval.from_other (v)
    return Lval (v.kind, -v.value)


def _lval_unary_reciprocal (v):
    v = Lval.from_other (v)
    if v.value == 0:
        return Lval ('undef', np.nan)
    return Lval (_lval_kmap_reciprocal.get (v.kind, v.kind), 1. / v.value)


def _lval_unary_sqrt (v):
    v = Lval.from_other (v)
    return v ** 0.5


def _lval_unary_square (v):
    v = Lval.from_other (v)
    return v * v


lval_unary_math = {
    # The 'nolimits' entries could be improved with special-cased
    # implementations, but I'm not going to write them until the need arises.
    'absolute': _lval_unary_absolute,
    'arccos': _make_lval_unary_math_nolimits (np.arccos),
    'arcsin': _make_lval_unary_math_nolimits (np.arcsin),
    'arctan': _make_lval_unary_math_nolimits (np.arctan),
    'cos': _make_lval_unary_math_nolimits (np.cos),
    'expm1': _make_lval_unary_math_nolimits (np.expm1),
    'exp': _lval_unary_exp,
    'isfinite': _lval_unary_isfinite,
    'log10': _make_lval_unary_log (np.log10),
    'log1p': _make_lval_unary_math_nolimits (np.log1p),
    'log2': _make_lval_unary_log (np.log2),
    'log': _make_lval_unary_log (np.log),
    'negative': _lval_unary_negative,
    'reciprocal': _lval_unary_reciprocal,
    'sin': _make_lval_unary_math_nolimits (np.sin),
    'sqrt': _lval_unary_sqrt,
    'square': _lval_unary_square,
    'tan': _make_lval_unary_math_nolimits (np.tan),
}


# Finally, measurements represented in textual form. Textual forms can
# represent exact values, Uvals, or Lvals.

UQUANT_UNCERT = 0.2
"""Some values are known to be uncertain, but their uncertainties have not been
quantified. This is lame but it happens. In this case, assume a 20%
uncertainty.

We could infer uncertainties from the number of written digits: i.e., assuming
"1.2" is uncertain by 0.05 or so, while "1.2000" is uncertain by 0.00005 or
so. But there are many cases in astronomy where people just list values that
are 20% uncertain and give them to multiple decimal places. I'd rather be
conservative with these values than overly optimistic.

Code to do the appropriate parsing is in the Python uncertainties package, in
its __init__.py:parse_error_in_parentheses().

"""
_tkinds = frozenset (('none', 'log10', 'positive'))
_dkinds = frozenset (('exact', 'symm', 'asymm', 'uncertain', 'upper', 'lower', 'unif'))
_noextra_dkinds = frozenset (('exact', 'uncertain', 'upper', 'lower'))
_yesextra_dkinds = frozenset (('symm', 'asymm'))


def _split_decimal_col (floattext):
    if '.' not in floattext:
        return '$%s$ & ' % floattext
    return '$%s$ & $.%s$ ' % tuple (floattext.split ('.'))


[docs]class Textual (object):
    """A measurement recorded in textual form.

    Textual.from_exact (text, tkind='none') - `text` is passed to float()
    Textual.parse (text, tkind='none')      - `text` as described below.

    Transformation kinds are 'none', 'log10', or 'positive'. Expressions for
    values take the form '1.234', '<2', '>3', '~7', '6to8', '7pm0.1', or
    '12p1m0.3'.

    Methods:

    unparse()              - Return parsed text (but not tkind!)
    unwrap()               - Express as float/Uval/Lval as appropriate.
    repval(limitsok=False) - Get single scalar "representative" value.
    limtype()              - -1 if upper limit; +1 if lower; 0 otherwise.

    Supported operations: unicode() str() repr() [latexification] -(neg) abs()
    + - * / **

    """
    __slots__ = ('tkind', 'dkind', 'data')

    def __init__ (self, tkind, dkind, data):
        if tkind not in _tkinds:
            raise ValueError ('unrecognized transformation kind "%s"' % tkind)
        if dkind not in _dkinds:
            raise ValueError ('unrecognized distribution kind "%s"' % dkind)
        # FIXME: could/should check `data`.

        self.tkind = tkind
        self.dkind = dkind
        self.data = data


    @staticmethod
    def from_exact (text, tkind='none'):
        float (text) # check float-parseability.
        return Textual (tkind, 'exact', text)


    @staticmethod
    def parse (text, tkind='none'):
        # freestanding float() calls below are used to check
        # float-parseability of strings.
        # XXX: we do not check sanity when tkind is 'positive'!

        if text[0] == '~':
            dkind = 'uncertain'
            data = text[1:]
            float (data)
        elif text[0] == '<':
            dkind = 'upper'
            data = text[1:]
            float (data)
        elif text[0] == '>':
            dkind = 'lower'
            data = text[1:]
            float (data)
        elif 'to' in text:
            lower, upper = text.split ('to')
            f_lower = float (lower)
            f_upper = float (upper)

            if f_lower > f_upper:
                upper, lower = lower, upper
                f_upper, f_lower = f_lower, f_upper

            if f_lower < 0 and tkind == 'positive':
                raise ValueError ('uniform interval is forced positive, but '
                                  'got "%s"' % text)

            dkind = 'unif'
            data = (lower, upper)
        elif 'pm' in text:
            val, uncert = text.split ('pm')
            float (val)
            f_uncert = float (uncert)
            if f_uncert <= 0.:
                raise ValueError ('uncertainty values must be positive; got "%s"' % text)

            dkind = 'symm'
            data = (val, uncert)
        elif 'p' in text:
            val, rhs = text.split ('p', 1)
            high, low = rhs.split ('m', 1)
            float (val) # checks parseability
            f_high = float (high)
            f_low = float (low)

            if f_high <= 0:
                raise ValueError ('asymmetrical upper uncertainty must be positive')
            if f_low <= 0:
                raise ValueError ('asymmetrical lower uncertainty must be positive')

            dkind = 'asymm'
            data = (val, high, low)
        else:
            try: # plain float treated as unquantified
                dkind = 'uncertain'
                data = text
                float (data)
            except ValueError:
                raise ValueError ('don\'t know how to parse measurement text: %s' % text)

        return Textual (tkind, dkind, data)


    # Textualization -- keep this up here since this is so closely tied to
    # construction via parse(). Note that unparse() loses the `tkind` info.

    def unparse (self):
        if self.dkind == 'exact':
            return self.data
        elif self.dkind == 'uncertain':
            return '~' + self.data
        elif self.dkind == 'symm':
            return self.data[0] + 'pm' + self.data[1]
        elif self.dkind == 'asymm':
            return self.data[0] + 'p' + self.data[1] + 'm' + self.data[2]
        elif self.dkind == 'upper':
            return '<' + self.data
        elif self.dkind == 'lower':
            return '>' + self.data
        elif self.dkind == 'unif':
            return self.data[0] + 'to' + self.data[1]


    def __repr__ (self):
        if self.tkind == 'none':
            ttext = ''
        else:
            ttext = ', %r' % (self.tkind, )

        if self.dkind == 'exact':
            return 'Textual.from_exact (%r%s)' % (self.data, ttext)
        return 'Textual.parse(%r%s)' % (self.unparse (), ttext)


    def __unicode__ (self):
        if self.tkind == 'none':
            return self.unparse ()
        return self.unparse () + ':' + self.tkind

    __str__ = unicode_to_str

    def __pk_fmtinfo__ (self):
        t = self.unparse ()

        if self.tkind == 'log10':
            ttag = 'L'
        elif self.tkind == 'positive':
            ttag = 'P'
        else:
            ttag = ''

        if self.dkind == 'exact':
            dtag = 'f'
        else:
            dtag = 'u'

        return ttag + dtag, t, False


    # "Unwrapping" -- conversion into either a scalar, Uval, or Lval. The
    # ability to apply various data transforms complicates this process.

    def _unwrap_pos (self):
        dkind = self.dkind

        # Deal with the easy cases ...

        if dkind == 'exact':
            return float (self.data)

        if dkind == 'upper':
            # Important case here: since we're positivized, the appropriate
            # Lval kind is 'tozero' rather than 'pastzero'. This allows
            # the caller to safely take the log or the reciprocal.
            return Lval ('tozero', float (self.data))

        if dkind == 'lower':
            return Lval ('toinf', float (self.data))

        if dkind == 'unif':
            # Limits should have been checked upon construction.
            lower, upper = map (float, self.data)
            return Uval.from_unif (lower, upper)

        # We have to get careful with the Uvals.

        if dkind == 'symm':
            val = float (self.data[0])
            uncert = float (self.data[1])
            v = Uval.from_norm (val, uncert)
        elif dkind == 'uncertain':
            val = float (self.data)
            uncert = UQUANT_UNCERT * abs (val)
            v = Uval.from_norm (val, uncert)
        elif dkind == 'asymm':
            val, dhigh, dlow = map (float, self.data)
            v = Uval.from_double_norm (val, dhigh, dlow)

        nnonpos = np.where (v.d <= 0)[0].size

        if nnonpos == 0:
            return v

        if nnonpos < 3:
            # Yay arbitrary cutoff. This is close enough to
            # positive that we just force things.
            v.d = np.abs (v.d)
            return v

        # There are enough negative values that we're not comfortable with
        # drawing from a (double) normal distribution. Draw from a gamma
        # distribution instead.

        if dkind == 'asymm':
            # The gamma distribution only has two parameters, so what else can
            # we do?
            uncert = 0.5 * (dhigh + dlow)

        alpha, beta = find_gamma_params (val, uncert)
        return Uval.from_gamma (alpha, beta)


    def _unwrap_log (self):
        dkind = self.dkind

        if dkind == 'exact':
            return 10**float (self.data)

        if dkind == 'upper':
            # As with positive Textuals, it's important that we can return
            # a tozero limit here.
            return Lval ('tozero', 10 ** float (self.data))

        if dkind == 'lower':
            return Lval ('toinf', 10 ** float (self.data))

        if dkind == 'uncertain':
            # Assume UQUANT_UNCERT in (10**x), not in x itself
            val = 10**float (self.data)
            return Uval.from_norm (val, UQUANT_UNCERT * abs (val))

        if dkind == 'unif':
            # We'll yield a uniform distribution in log10(x), not x. I think
            # this is more desirable if someone writes "foo:Lu = 3.5to4.5".
            lower, upper = map (float, self.data)
            return 10**Uval.from_unif (lower, upper)

        if dkind == 'symm':
            val = float (self.data[0])
            uncert = float (self.data[1])
            return 10**Uval.from_norm (val, uncert)

        assert dkind == 'asymm'
        val, dhigh, dlow = map (float, self.data)
        return 10**Uval.from_double_norm (val, dhigh, dlow)


    def unwrap (self):
        if self.tkind == 'log10':
            return self._unwrap_log ()
        if self.tkind == 'positive':
            return self._unwrap_pos ()

        # No transformations applied:
        dkind = self.dkind

        if dkind == 'exact':
            return float (self.data)

        if dkind == 'upper':
            # Limits of magnitude-type quantities should always be of tkind
            # 'log10' or 'positive', so that we can return a 'tozero' Lval
            # rather than 'pastzero'. This is important for taking reciprocals
            # and/or logarithms.
            v = float (self.data)
            if v < 0:
                return Lval ('toinf', v)
            return Lval ('pastzero', v)

        if dkind == 'lower':
            v = float (self.data)
            if v < 0:
                return Lval ('pastzero', v)
            return Lval ('toinf', v)

        if dkind == 'unif':
            lower, upper = map (float, self.data)
            return Uval.from_unif (lower, upper)

        if dkind == 'uncertain':
            val = float (self.data)
            return Uval.from_norm (val, UQUANT_UNCERT * abs (val))

        if dkind == 'symm':
            val = float (self.data[0])
            uncert = float (self.data[1])
            return Uval.from_norm (val, uncert)

        assert dkind == 'asymm'
        val, dhigh, dlow = map (float, self.data)
        return Uval.from_double_norm (val, dhigh, dlow)


    # Other numerical helpers.

[docs]    def repval (self, limitsok=False):
        """Get a best-effort representative value as a float. This can be
        DANGEROUS because it discards limit information, which is rarely wise."""

        if not limitsok and self.dkind in ('lower', 'upper'):
            raise LimitError ()

        if self.dkind == 'unif':
            lower, upper = map (float, self.data)
            v = 0.5 * (lower + upper)
        elif self.dkind in _noextra_dkinds:
            v = float (self.data)
        elif self.dkind in _yesextra_dkinds:
            v = float (self.data[0])
        else:
            raise RuntimeError ('can\'t happen')

        if self.tkind == 'log10':
            return 10**v
        return v



[docs]    def limtype (self):
        """Return -1 if this value is an upper limit, 1 if it is a lower
        limit, 0 otherwise."""

        if self.dkind == 'upper':
            return -1
        if self.dkind == 'lower':
            return 1
        return 0


    # Latexification.


    def __pk_latex__ (self):
        if self.dkind == 'exact':
            return r'$%s$' % self.data
        if self.dkind == 'uncertain':
            return r'$\sim$$%s$' % self.data
        if self.dkind == 'symm':
            return r'$%s \pm %s$' % self.data
        if self.dkind == 'asymm':
            return r'$%s^{+%s}_{-%s}$' % self.data
        if self.dkind == 'upper':
            return r'$<$$%s$' % self.data
        if self.dkind == 'lower':
            return r'$>$$%s$' % self.data
        if self.dkind == 'unif':
            return r'$%s$--$%s$' % self.data


    def __pk_latex_u3col__ (self):
        if self.dkind == 'exact':
            return r'\multicolumn{3}{c}{$%s$}' % self.data
        if self.dkind == 'uncertain':
            return r'\multicolumn{3}{c}{$\sim$$%s$}' % self.data
        if self.dkind == 'symm':
            return r'%s & $\pm\,%s$' % \
                (_split_decimal_col (self.data[0]), self.data[1])
        if self.dkind == 'asymm':
            return r'%s & $\pm\,^{%s}_{%s}$' % \
                (_split_decimal_col (self.data[0]), self.data[1], self.data[2])
        if self.dkind == 'upper':
            return r'\multicolumn{3}{c}{$<$$%s$}' % self.data
        if self.dkind == 'lower':
            return r'\multicolumn{3}{c}{$>$$%s$}' % self.data
        if self.dkind == 'unif':
            return r'\multicolumn{3}{c}{$%s$--$%s$}' % self.data


    # Unary math -- we do the same thing as _make_textual_unary_math_generic()
    # below. Unlike Uval and Lval, algebra on Textuals is emphatically not
    # closed -- the result is always a non-Textual.

    def __neg__ (self):
        return _dispatch_unary_math ('negative', False, self.unwrap ())

    def __abs__ (self):
        return _dispatch_unary_math ('absolute', False, self.unwrap ())

    # Binary math -- we delegate to the functions that are defined below.

    def __add__ (self, other):
        return add (self, other)

    def __sub__ (self, other):
        return subtract (self, other)

    def __mul__ (self, other):
        return multiply (self, other)

    def __div__ (self, other):
        return divide (self, other)

    def __truediv__ (self, other):
        return true_divide (self, other)

    def __pow__ (self, other, module=None):
        if modulo is not None:
            raise ValueError ('powmod behavior forbidden with Textuals')
        return power (self, other)

    def __radd__ (self, other):
        return add (other, self)

    def __rsub__ (self, other):
        return subtract (other, self)

    def __rmul__ (self, other):
        return multiply (other, self)

    def __rdiv__ (self, other):
        return divide (other, self)

    def __rtruediv__ (self, other):
        return true_divide (other, self)

    def __rpow__ (self, other, module=None):
        if modulo is not None:
            raise ValueError ('powmod behavior forbidden with Textuals')
        return power (other, self)



def _dispatch_unary_math (name, check_textual, value):
    if np.isscalar (value):
        table = scalar_unary_math
    elif isinstance (value, Uval):
        table = uval_unary_math
    elif isinstance (value, Lval):
        table = lval_unary_math
    elif check_textual and isinstance (value, Textual):
        table = textual_unary_math
    else:
        raise ValueError ('cannot treat %r as a scalar for %s' % (value, name))

    func = table.get (name)
    if func is None:
        raise ValueError ('no implementation of %s for %r' % (name, value))
    return func (value)


def _make_textual_unary_math_generic (name):
    # N.B.: unlike Uval and Lval functions, this assumes that `v` is in fact a
    # Textual.
    def textual_unary_math_generic (val):
        return _dispatch_unary_math (name, False, val.unwrap ())
    return textual_unary_math_generic


def _textual_unary_log10 (val):
    if val.tkind == 'log10':
        return Textual ('none', val.dkind, val.data)
    return _dispatch_unary_math ('log10', False, val.unwrap ())


textual_unary_math = {
    'absolute': _make_textual_unary_math_generic ('absolute'),
    'arccos': _make_textual_unary_math_generic ('arccos'),
    'arcsin': _make_textual_unary_math_generic ('arcsin'),
    'arctan': _make_textual_unary_math_generic ('arctan'),
    'cos': _make_textual_unary_math_generic ('cos'),
    'expm1': _make_textual_unary_math_generic ('expm1'),
    'exp': _make_textual_unary_math_generic ('exp'),
    'isfinite': lambda v: True, # legal Textuals can never yield inf or nan
    'log10': _textual_unary_log10,
    'log1p': _make_textual_unary_math_generic ('log1p'),
    'log2': _make_textual_unary_math_generic ('log2'),
    'log': _make_textual_unary_math_generic ('log'),
    'negative': _make_textual_unary_math_generic ('negative'),
    'reciprocal': _make_textual_unary_math_generic ('reciprocal'),
    'sin': _make_textual_unary_math_generic ('sin'),
    'sqrt': _make_textual_unary_math_generic ('sqrt'),
    'square':  _make_textual_unary_math_generic ('square'),
    'tan': _make_textual_unary_math_generic ('tan'),
}


# Now, a library of metadata-esque functions that will handle anything you
# throw at them: scalars, Uvals, Lvals, and Textuals.

def is_measurement (obj):
    return np.isscalar (obj) or isinstance (obj, (Uval, Lval, Textual))


[docs]def unwrap (msmt):
    """Convert the value into the most basic representation that we can do
    math on: float if possible, then Uval, then Lval."""

    if np.isscalar (msmt):
        return float (msmt)
    if isinstance (msmt, (Uval, Lval)):
        return msmt
    if isinstance (msmt, Textual):
        return msmt.unwrap ()
    raise ValueError ('don\'t know how to treat %r as a measurement' % msmt)



def typealign (origmsmt1, origmsmt2):
    msmt1 = origmsmt1
    if isinstance (msmt1, Textual):
        msmt1 = msmt1.unwrap ()
    msmt2 = origmsmt2
    if isinstance (msmt2, Textual):
        msmt2 = msmt2.unwrap ()

    if isinstance (msmt1, Lval):
        return msmt1, Lval.from_other (msmt2)
    if isinstance (msmt2, Lval):
        return Lval.from_other (msmt1), msmt2
    if isinstance (msmt1, Uval):
        return msmt1, Uval.from_other (msmt2)
    if isinstance (msmt2, Uval):
        return Uval.from_other (msmt1), msmt2

    try:
        return float (msmt1), float (msmt2)
    except Exception:
        raise ValueError ('cannot treat %r and %r as numeric types'
                          % (origmsmt1, origmsmt2))


[docs]def repval (msmt, limitsok=False):
    """Get a best-effort representative value as a float. This is DANGEROUS
    because it discards limit information, which is rarely wise. m_liminfo()
    or m_unwrap() are recommended instead."""

    if np.isscalar (msmt):
        return float (msmt)
    if isinstance (msmt, Uval):
        return msmt.repvals (uval_default_repval_method)[0]
    if isinstance (msmt, Lval):
        if not limitsok and msmt.kind in ('tozero', 'toinf', 'pastzero'):
            raise LimitError ()
        return msmt.value
    if isinstance (msmt, Textual):
        return msmt.repval (limitsok=limitsok)

    raise ValueError ('don\'t know how to treat %r as a measurement' % msmt)



[docs]def limtype (msmt):
    """Return -1 if this value is some kind of upper limit, 1 if this value
    is some kind of lower limit, 0 otherwise."""

    if np.isscalar (msmt):
        return 0
    if isinstance (msmt, Uval):
        return 0
    if isinstance (msmt, Lval):
        if msmt.kind == 'undef':
            raise ValueError ('no simple limit type for Lval %r' % msmt)

        # Quasi-hack here: limits of ('tozero', [positive number]) are
        # reported as upper limits. In a plot full of fluxes this would be
        # what makes sense, but note that this would be misleading if the
        # quantity in question was something that could go negative.
        p = msmt._polarity ()
        if p == -2 or p == 1:
            return -1
        if p == 2 or p == -1:
            return 1
        return 0
    if isinstance (msmt, Textual):
        return msmt.limtype ()
    raise ValueError ('don\'t know how to treat %r as a measurement' % msmt)



[docs]def liminfo (msmt):
    """Return (limtype, repval). `limtype` is -1 for upper limits, 1 for lower
    limits, and 0 otherwise; repval is a best-effort representative scalar value
    for this measurement."""

    return limtype (msmt), repval (msmt, limitsok=True)



[docs]def errinfo (msmt):
    """Return (limtype, repval, errval1, errval2). Like m_liminfo, but also
    provides error bar information for values that have it."""

    if isinstance (msmt, Textual):
        msmt = msmt.unwrap ()

    if np.isscalar (msmt):
        return 0, msmt, msmt, msmt

    if isinstance (msmt, Uval):
        rep, plus1, minus1 = msmt.repvals (uval_default_repval_method)
        return 0, rep, plus1, minus1

    if isinstance (msmt, Lval):
        return limtype (msmt), msmt.value, msmt.value, msmt.value

    raise ValueError ('don\'t know how to treat %r as a measurement' % msmt)


# Unary numerical functions.
#
# Here we just have to look up the appropriate table of unary math operations
# and delegate. The implemented functions are those in the scalar_unary_math
# dict.
#
# Potentially useful Numpy functions that I've skipped:
#
# absolute angle arccosh arcsinh arctanh around ceil clip conj copysign cosh
# deg2rad degrees fabs fix floor frexp hypot i0 imag ldexp modf rad2deg
# radians real rint round_ sign signbit sinc sinh tanh trunc unwrap
#
# Skipped core Python unary operators:
#
# abs coerce complex hex index int invert float long neg nonzero oct pos


def _make_wrapped_unary_math (name):
    def unary_mathfunc (val):
        rv = _dispatch_unary_math (name, True, val)
        if not _dispatch_unary_math ('isfinite', True, rv):
            raise ValueError ('out-of-bounds input %r to %s' % (val, name))
        return rv
    return unary_mathfunc


def _init_unary_math ():
    g = globals ()

    for name in scalar_unary_math.iterkeys ():
        if name == 'isfinite':
            g[name] = lambda v: _dispatch_unary_math (name, True, v)
        else:
            g[name] = _make_wrapped_unary_math (name)

_init_unary_math ()


# Binary numerical functions.
#
# Here we have to coerce the arguments to the ~"highest-level" type that's
# relevant. Then we can delegate to the class's __op__ functions. Note that
# there's no reasonable binary operator that can take two Textuals to another
# Textual (unlike the very special case of unary log10() on a Textual), so we
# can unwrap those without loss of information.
#
# Potentially useful Numpy functions that I've skipped:
#
# fmod maximum minimum mod=remainder logaddexp2 logaddexp
#
# Skipped core Python binary operators:
#
# and cmp eq ge gt le lshift lt ne or rshift xor

def _make_wrapped_binary_math (opfunc):
    def binary_mathfunc (val1, val2):
        a1, a2 = typealign (val1, val2)
        return opfunc (a1, a2)
    return binary_mathfunc


add = _make_wrapped_binary_math (operator.add)
divide = _make_wrapped_binary_math (operator.div)
multiply = _make_wrapped_binary_math (operator.mul)
power = _make_wrapped_binary_math (operator.pow)
subtract = _make_wrapped_binary_math (operator.sub)
true_divide = _make_wrapped_binary_math (operator.truediv)


# Parsing and formatting of measurements and other quantities.

def _parse_bool (text):
    if not len (text):
        return False
    if text == 'y':
        return True
    raise ValueError ('illegal bool textualization: expect empty or "y"; '
                      'got "%s"' % text)


def _maybe (subparse):
    def parser (text):
        if not len (text):
            return None
        return subparse (text)
    return parser


_ttkinds = {'': 'none', 'L': 'log10', 'P': 'positive'}

def _maybe_parse_exact (text, tkind):
    if not len (text):
        return None
    return Textual.from_exact (text, _ttkinds[tkind])


def _maybe_parse_uncert (text, tkind):
    if not len (text):
        return None
    return Textual.parse (text, _ttkinds[tkind])


parsers = {
    # maps 'type tag string' to 'parsing function'.
    'x': None,
    'b': _parse_bool,
    'i': _maybe (int),
    's': _maybe (text_type),
    'f': lambda t: _maybe_parse_exact (t, ''),
    'Lf': lambda t: _maybe_parse_exact (t, 'L'),
    'Pf': lambda t: _maybe_parse_exact (t, 'P'),
    'u': lambda t: _maybe_parse_uncert (t, ''),
    'Lu': lambda t: _maybe_parse_uncert (t, 'L'),
    'Pu': lambda t: _maybe_parse_uncert (t, 'P'),
}

[docs]def fmtinfo (value):
    """Returns (typetag, text, is_imprecise). Unlike other functions that operate
    on measurements, this also operates on bools, ints, and strings.

    """
    if value is None:
        raise ValueError ('cannot format None!')

    if isinstance (value, text_type):
        return '', value, False

    if isinstance (value, bool):
        # Note: isinstance (True, int) = True, so this must come before the next case.
        if value:
            return 'b', 'y', False
        return 'b', '', False

    if isinstance (value, (int, long)):
        return 'i', text_type (value), False

    if isinstance (value, float):
        return 'f', text_type (value), True

    if hasattr (value, '__pk_fmtinfo__'):
        return value.__pk_fmtinfo__ ()

    raise ValueError ('don\'t know how to format %r as a measurement' % value)
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  Source code for pwkit.io

# -*- mode: python; coding: utf-8 -*-
# Copyright 2012-2015 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.io - Utilities for input and output.

Classes:

  Path           - Augmented Path object from pathlib.

Functions:

  djoin          - "Dotless" version of os.path.join.
  ensure_dir     - Ensure that a directory exists.
  ensure_symlink - Ensure that a symbolic link exists.
  make_path_func - Make a function that conveniently constructs paths.
  pathlines      - Yield lines from a text file at a specified path.
  pathwords      - Yield lists of words from a text file at a specified path.
  rellink        - Create a symbolic link to a relative path.
  try_open       - Try opening a file; no exception if it doesn't exist.
  words          - Split a list of lines into individual words.

"""

from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = b'''djoin ensure_dir ensure_symlink make_path_func rellink pathlines pathwords
           try_open words Path'''.split ()

import io, os, pathlib

from . import PKError, text_type


# Reading text.

[docs]def try_open (*args, **kwargs):
    """Simply a wrapper for io.open(), unless an IOError with errno=2 (ENOENT) is
    raised, in which case None is retured.

    """
    try:
        return io.open (*args, **kwargs)
    except IOError as e:
        if e.errno == 2:
            return None
        raise



[docs]def words (linegen):
    for line in linegen:
        a = line.split ('#', 1)[0].strip ().split ()
        if len (a):
            yield a



[docs]def pathwords (path, mode='rt', noexistok=False, **kwargs):
    try:
        with io.open (path, mode, **kwargs) as f:
            for line in f:
                a = line.split ('#', 1)[0].strip ().split ()
                if len (a):
                    yield a
    except IOError as e:
        if e.errno != 2 or not noexistok:
            raise



[docs]def pathlines (path, mode='rt', noexistok=False, **kwargs):
    try:
        with io.open (path, mode, **kwargs) as f:
            for line in f:
                yield line
    except IOError as e:
        if e.errno != 2 or not noexistok:
            raise


# Path manipulations -- should largely be superseded by the Path object


[docs]def make_path_func (*baseparts):
    """Return a function that joins paths onto some base directory."""
    from os.path import join
    base = join (*baseparts)
    def path_func (*args):
        return join (base, *args)
    return path_func



[docs]def djoin (*args):
    """'dotless' join, for nicer paths."""
    from os.path import join

    i = 0
    alen = len (args)

    while i < alen and (args[i] == '' or args[i] == '.'):
        i += 1

    if i == alen:
        return '.'

    return join (*args[i:])


# Doing stuff on the filesystem.


[docs]def rellink (source, dest):
    """Create a symbolic link to path *source* from path *dest*. If either
    *source* or *dest* is an absolute path, the link from *dest* will point to
    the absolute path of *source*. Otherwise, the link to *source* from *dest*
    will be a relative link.

    """
    from os.path import isabs, dirname, relpath, abspath

    if isabs (source):
        os.symlink (source, dest)
    elif isabs (dest):
        os.symlink (abspath (source), dest)
    else:
        os.symlink (relpath (source, dirname (dest)), dest)



[docs]def ensure_dir (path, parents=False):
    """Returns a boolean indicating whether the directory already existed. Will
    attempt to create parent directories if *parents* is True.

    """
    if parents:
        from os.path import dirname
        parent = dirname (path)
        if len (parent) and parent != path:
            ensure_dir (parent, True)

    try:
        os.mkdir (path)
    except OSError, e:
        if e.errno == 17: # EEXIST
            return True
        raise
    return False



[docs]def ensure_symlink (src, dst):
    """Ensure the existence of a symbolic link pointing to src named dst. Returns
    a boolean indicating whether the symlink already existed.

    """
    try:
        os.symlink (src, dst)
    except OSError, e:
        if e.errno == 17: # EEXIST
            return True
        raise
    return False


# Extended Path object. pathlib.Path objects have fancy __new__ semantics that
# we need to jump through some hoops for.


_ParentPath = pathlib.WindowsPath if os.name == 'nt' else pathlib.PosixPath

[docs]class Path (_ParentPath):
    """Extended version of the pathlib.Path object. Methods (asterisk denotes
    pwkit-specific methods):

    as_hdf_store      - Open as a Pandas HDFStore.
    as_uri            - Return as a file:/// URI.
    chmod             - Change file mode.
    ensure_parent (*) - Ensure the path's parent directory exists.
    exists            - Test whether path exists.
    expand            - Expand constructions like "~" or $VAR.
    glob              - Glob for files at this path (assumes it's a directory).
    is_absolute       - Test whether the path is absolute.
    is_*              - for: block_device, char_device, dir, fifo, file, socket symlink.
    iterdir           - Generate list of paths in a directory.
    joinpath(*rest)   - Create sub-paths.
    make_relative (*) - Generate a relative path.
    match(glob)       - Test whether this path matches a given glob.
    mkdir             - Create directory here; set parents=True to create parents.
    open              - Open as a file.
    read_fits (*)     - Open as a FITS file with Astropy.
    read_fits_bintable (*)
                      - Read a FITS-format binary table into a Pandas DataFrame.
    read_hdf (*)      - Read as HDF format into a Pandas DataFrame.
    read_lines (*)    - Generate lines from a text file.
    read_pandas (*)   - Read this path into a Pandas DataFrame.
    read_pickle (*)   - Read a single pickled object.
    read_pickles (*)  - Read a series of pickled objects.
    read_tabfile (*)  - Read this path as a pwkit typed data table.
    read_numpy_text (*)
                      - Read this path into a Numpy array.
    relative_to       - Compute a version of this path relative to another.
    rellink_to (*)    - Make a relative symlink.
    rename(targ)      - Rename this file or directory into `targ`.
    resolve           - Make path absolute and remove symlinks.
    rglob             - Glob for files at this path, recursively.
    rmdir             - Remove this directory.
    rmtree (*)        - Remove this directory and its contents recursively.
    scandir (*)       - Generate information about directory contents.
    stat              - Stat this path and return the result.
    symlink_to(targ)  - Make this path a symbolic link to to `targ`.
    touch             - Touch this file.
    try_open (*)      - Like open(), but return None if the file doesn't exist.
    try_unlink (*)    - Attempt to remove the file or symlink; no error if nonexistent.
    unlink            - Remove this file or symbolic link.
    unpickle_one (*)  - Unpickle an object from this path.
    unpickle_many (*) - Generate a series of objects unpickled from this path.
    with_name         - Return a new path with a different "basename".
    with_suffix       - Return a new path with a different suffix on the basename.
    write_pickle (*)  - Pickle an object into this path.
    write_pickles (*) - Pickle multiple objects into this path.

    Properties:

    anchor            - The concatenation of drive and root.
    drive             - The Windows drive, if any; '' on POSIX.
    name              - The final path component.
    parts             - A tuple of the path components; '/a/b' -> ('/', 'a', 'b').
    parent            - The logical parent: '/a/b' -> '/a'; 'foo/..' -> 'foo'.
    parents           - An immutable sequence giving logical ancestors of the path.
    root              - The root: '/' or ''
    stem              - The final component without its suffix; 'foo.tar.gz' -> 'foo.tar'.
    suffix            - The final '.' extension of the final component. 'foo.tar.gz' -> '.gz'.
    suffixes          - A list of all extensions; 'foo.tar.gz' -> ['.tar', '.gz'].

    """

    # Manipulations

[docs]    def expand (self, user=False, vars=False, glob=False, resolve=False):
        from os import path
        from glob import glob

        text = text_type (self)
        if user:
            text = path.expanduser (text)
        if vars:
            text = path.expandvars (text)
        if glob:
            results = glob (text)
            if len (results) == 1:
                text = results[0]
            elif len (results) > 1:
                raise IOError ('glob of %r should\'ve returned 0 or 1 matches; got %d'
                               % (text, len (results)))

        other = self.__class__ (text)
        if resolve:
            other = other.resolve ()

        return other



[docs]    def make_relative (self, other):
        """A variant on relative_to() that allows computation of, e.g., "a" relative
        to "b", yielding "../a". This can technically give improper results if
        "b" is a directory symlink. If `self` is absolute, it is just
        returned unmodified.

        This might not work on Windows?

        """
        if self.is_absolute ():
            return self

        from os.path import relpath
        other = self.__class__ (other)
        return self.__class__ (relpath (text_type (self), text_type (other)))


    # Filesystem I/O operations


[docs]    def scandir (self):
        """This uses the `scandir` module or `os.scandir` to generate a listing of
        this path's contents, assuming it's a directory.

        `scandir` is different than `iterdir` because it generates `DirEntry`
        items rather than Path instances. DirEntry objects have their
        properties filled from the directory info itself, so querying them
        avoids syscalls that would be necessary with iterdir().

        DirEntry objects have these methods on POSIX systems: inode(),
        is_dir(), is_file(), is_symlink(), stat(). They have these attributes:
        `name` (the basename of the item), `path` (the concatenation of its
        name and this path).

        """
        if hasattr (os, 'scandir'):
            scandir = os.scandir
        else:
            from scandir import scandir

        from . import binary_type
        return scandir (binary_type (self))



[docs]    def ensure_parent (self, mode=0o777, parents=False):
        """Ensure that this path's *parent* directory exists. Returns a boolean
        indicating whether the directory already existed. Will attempt to
        create superior parent directories if *parents* is True.

        """
        p = self.parent
        if p == self:
            return True # can never create root; avoids loop when parents=True

        if parents:
            p.ensure_parent (mode, True)

        try:
            p.mkdir (mode)
        except OSError as e:
            if e.errno == 17: # EEXIST?
                return True # that's fine
            raise # other exceptions are not fine
        return False



[docs]    def rmtree (self):
        import shutil
        from pwkit.cli import warn

        def on_error (func, path, exc_info):
            warn ('couldn\'t rmtree %s: in %s of %s: %s', self, func.__name__,
                  path, exc_info[1])

        shutil.rmtree (text_type (self), ignore_errors=False, onerror=on_error)
        return self



[docs]    def try_unlink (self):
        """Attempt to unlink this path, but do not raise an exception if it
        didn't exist. Returns a boolean indicating whether it was really
        unlinked.

        """
        try:
            self.unlink ()
            return True
        except OSError as e:
            if e.errno == 2:
                return False # ENOENT
            raise



[docs]    def rellink_to (self, target, force=False):
        """Like symlink_to(), but modify `target` to be relative to wherever
        `self` points.

        Path('a/b').symlink_to ('c') makes 'a/b' point to 'c', while
        Path('a/b').rellink_to ('c') makes 'a/b' point to '../c'.

        If `force`, the symlink will be forcibly created: if the `self`
        already exists as a path, it will be unlinked, and ENOENT will
        be ignored.

        """
        target = self.__class__ (target)

        if force:
            self.try_unlink ()

        if self.is_absolute ():
            target = target.absolute () # force absolute link

        return self.symlink_to (target.make_relative (self.parent))


    # Data I/O


[docs]    def try_open (self, null_if_noexist=False, **kwargs):
        try:
            return self.open (**kwargs)
        except IOError as e:
            if e.errno == 2:
                if null_if_noexist:
                    import io, os
                    return io.open (os.devnull, **kwargs)
                return None
            raise



[docs]    def read_inifile (self, noexistok=False, typed=False):
        if typed:
            from .tinifile import read_stream
        else:
            from .inifile import read_stream

        try:
            with self.open ('rb') as f:
                for item in read_stream (f):
                    yield item
        except IOError as e:
            if e.errno != 2 or not noexistok:
                raise



[docs]    def read_lines (self, mode='rt', noexistok=False, **kwargs):
        try:
            with self.open (mode=mode, **kwargs) as f:
                for line in f:
                    yield line
        except IOError as e:
            if e.errno != 2 or not noexistok:
                raise



[docs]    def read_pickle (self):
        gen = self.read_pickles ()
        value = gen.next ()
        gen.close ()
        return value



[docs]    def read_pickles (self):
        import cPickle as pickle
        with self.open (mode='rb') as f:
            while True:
                try:
                    obj = pickle.load (f)
                except EOFError:
                    break
                yield obj



[docs]    def write_pickle (self, obj):
        self.write_pickles ((obj, ))



[docs]    def write_pickles (self, objs):
        import cPickle as pickle
        with self.open (mode='wb') as f:
            for obj in objs:
                pickle.dump (obj, f)



[docs]    def as_hdf_store (self, mode='r', **kwargs):
        from pandas import HDFStore
        return HDFStore (text_type (self), mode=mode, **kwargs)



[docs]    def read_pandas (self, format='table', **kwargs):
        import pandas

        reader = getattr (pandas, 'read_' + format, None)
        if not callable (reader):
            raise PKError ('unrecognized Pandas format %r: no function pandas.read_%s',
                           format, format)

        with self.open ('rb') as f:
            return reader (f, **kwargs)



[docs]    def read_hdf (self, key, **kwargs):
        # This one needs special handling because of the "key" and path input.
        import pandas
        return pandas.read_hdf (text_type (self), key, **kwargs)



[docs]    def read_fits (self, **kwargs):
        """Open this path as a FITS file with Astropy. Keywords:

        mode='readonly' ('update', 'append', 'denywrite', 'ostream')
        memmap=None (boolean)
        save_backup=False
        cache=True
        uint=False or uint16=False
        ignore_missing_end=False
        checksum=False (boolean or 'remove')
        disable_image_compression=False
        do_not_scale_image_data=False
        ignore_blank=False
        scale_back=False

        """
        from astropy.io import fits
        return fits.open (text_type (self), **kwargs)



[docs]    def read_fits_bintable (self, hdu=1, drop_nonscalar_ok=True, **kwargs):
        from astropy.io import fits
        from .numutil import fits_recarray_to_data_frame as frtdf

        with fits.open (text_type (self), mode='readonly', **kwargs) as hdulist:
            return frtdf (hdulist[hdu].data, drop_nonscalar_ok=drop_nonscalar_ok)



[docs]    def read_tabfile (self, **kwargs):
        from .tabfile import read
        return read (text_type (self), **kwargs)



[docs]    def read_numpy_text (self, **kwargs):
        import numpy as np
        return np.loadtxt (text_type (self), **kwargs)




del _ParentPath
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  Source code for pwkit.radio_cal_models

# -*- mode: python; coding: utf-8 -*-
# Copyright 2012-2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.radio_cal_models - models of radio calibrator flux densities.

From the command line::

    python -m pwkit.radio_cal_models [-f] <source> <freq[mhz]>
    python -m pwkit.radio_cal_models [-f] CasA     <freq[mhz]> <year>

Print the flux density of the specified calibrator at the specified frequency,
in Janskys.

Arguments:

<source>
  the source name (e.g., 3c348)
<freq>
  the observing frequency in MHz (e.g., 1420)
<year>
  is the decimal year of the observation (e.g., 2007.8).
  Only needed if <source> is CasA.
``-f``
  activates "flux" mode, where a three-item string is
  printed that can be passed to MIRIAD tasks that accept a
  model flux and spectral index argument.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'cas_a commandline init_cas_a models spindexes').split ()


import numpy as np

from . import PKError

models = {}
spindexes = {}


[docs]def cas_a (freq_mhz, year):
    """Return the flux of Cas A given a frequency and the year of observation.
    Based on the formula given in Baars et al., 1977.

    Parameters:

    freq - Observation frequency in MHz.
    year - Year of observation. May be floating-point.

    Returns: s, flux in Jy.

    """
    # The snu rule is right out of Baars et al. The dnu is corrected
    # for the frequency being measured in MHz, not GHz.

    snu = 10. ** (5.745 - 0.770 * np.log10 (freq_mhz)) # Jy
    dnu = 0.01 * (0.07 - 0.30 * np.log10 (freq_mhz)) # percent per yr.
    loss = (1 - dnu) ** (year - 1980.)
    return snu * loss



[docs]def init_cas_a (year):
    """Insert an entry for Cas A into the table of models. Need to specify the
    year of the observations to account for the time variation of Cas A's
    emission.

    """
    year = float (year)
    models['CasA'] = lambda f: cas_a (f, year)


# Other models from Baars et al. 1977 -- data from Table 5 in that paper. Some
# of these will be overwritten by VLA models below.


def _add_generic_baars (src, a, b, c, fmin, fmax):
    def fluxdens (freq_mhz):
        if np.any (freq_mhz < fmin) or np.any (freq_mhz > fmax):
            raise PKError ('going beyond frequency limits of model: want '
                           '%f, but validity is [%f, %f]', freq_mhz, fmin, fmax)
        lf = np.log10 (freq_mhz)
        return 10.**(a + b * lf + c * lf**2)

    def spindex (freq_mhz):
        if np.any (freq_mhz < fmin) or np.any (freq_mhz > fmax):
            raise PKError ('going beyond frequency limits of model: want '
                           '%f, but validity is [%f, %f]', freq_mhz, fmin, fmax)
        return b + 2 * c * np.log10 (freq_mhz)

    models[src] = fluxdens
    spindexes[src] = spindex


baars_parameters = {
    '3c48': (2.345, 0.071, -0.138, 405., 15000.),
    '3c123': (2.921, -0.002, -0.124, 405., 15000.),
    '3c147': (1.766, 0.447, -0.184, 405., 15000.),
    '3c161': (1.633, 0.498, -0.194, 405., 10700.),
    '3c218': (4.497, -0.910, 0.0, 405., 10700.),
    '3c227': (3.460, -0.827, 0.0, 405, 15000.),
    '3c249.1': (1.230, 0.288, -0.176, 405., 15000.),
    '3c286': (1.480, 0.292, -0.124, 405., 15000.),
    '3c295': (1.485, 0.759, -0.255, 405., 15000.),
    '3c348': (4.963, -1.052, 0., 405., 10700.),
    '3c353': (2.944, -0.034, -0.109, 405., 10700.),
    'DR21': (1.81, -0.122, 0., 7000., 31000.),
    'NGC7027': (1.32, -0.127, 0., 10000., 31000.)
}

for src, info in baars_parameters.iteritems ():
    _add_generic_baars (src, *info)


# VLA models of calibrators: see
# http://www.vla.nrao.edu/astro/calib/manual/baars.html These are the 1999.2
# values. This makes them pretty out of date, but still a lot more recent than
# Baars.

def _add_vla_model (src, a, b, c, d):
    def fluxdens (freq_mhz):
        if np.any (freq_mhz < 300) or np.any (freq_mhz > 50000):
            raise PKError ('going beyond frequency limits of model: want '
                           '%f, but validity is [300, 50000]', freq_mhz)
        lghz = np.log10 (freq_mhz) - 3
        return 10.**(a + b * lghz + c * lghz**2 + d * lghz**3)

    def spindex (freq_mhz):
        if np.any (freq_mhz < 300) or np.any (freq_mhz > 50000):
            raise PKError ('going beyond frequency limits of model: want '
                           '%f, but validity is [300, 50000]', freq_mhz)
        lghz = np.log10 (freq_mhz) - 3
        return b + 2 * c * lghz + 3 * d * lghz**2

    models[src] = fluxdens
    spindexes[src] = spindex


vla_parameters = {
    '3c48': (1.31752, -0.74090, -0.16708, +0.01525),
    '3c138': (1.00761, -0.55629, -0.11134, -0.01460),
    '3c147': (1.44856, -0.67252, -0.21124, +0.04077),
    '3c286': (1.23734, -0.43276, -0.14223, +0.00345),
    '3c295': (1.46744, -0.77350, -0.25912, +0.00752)
}

for src, info in vla_parameters.iteritems ():
    _add_vla_model (src, *info)


# Crappier power-law modeling based on VLA Calibrator Manual catalog. It is
# not clear whether values in the catalog should be taken to supersede those
# given in the analytic models above, for those five sources that have
# analytic models. The catalog entries do not seem to necessarily be more
# recent than the analytic models.

def add_from_vla_obs (src, Lband, Cband):
    """Add an entry into the models table for a source based on L-band and
    C-band flux densities.

    """
    if src in models:
        raise PKError ('already have a model for ' + src)

    fL = np.log10 (1425)
    fC = np.log10 (4860)

    lL = np.log10 (Lband)
    lC = np.log10 (Cband)

    A = (lL - lC) / (fL - fC)
    B = lL - A * fL

    def fluxdens (freq_mhz):
        return 10. ** (A * np.log10 (freq_mhz) + B)

    def spindex (freq_mhz):
        return A

    models[src] = fluxdens
    spindexes[src] = spindex


add_from_vla_obs ('3c84', 23.9, 23.3)


# If we're executed as a program, print out a flux given a source name.

def commandline (argv):
    from . import cli

    cli.unicode_stdio ()
    cli.check_usage (__doc__, argv, usageifnoargs='long')
    flux_mode = cli.pop_option ('f', argv)
    source = argv[1]

    if source == 'CasA':
        if len (argv) != 4:
            cli.wrong_usage (__doc__, 'must give exactly three arguments '
                             'when modeling Cas A')

        try:
            init_cas_a (float (argv[3]))
        except Exception as e:
            cli.die ('unable to parse year "%s": %s', argv[3], e)
    elif len (argv) != 3:
        cli.wrong_usage (__doc__, 'must give exactly two arguments unless '
                         'modeling Cas A')

    try:
        freq = float (argv[2])
    except Exception as e:
        cli.die ('unable to parse frequency "%s": %s', argv[2], e)

    if source not in models:
        cli.die ('unknown source "%s"; known sources are: CasA, %s', source,
                 ', '.join (sorted (models.keys ())))

    try:
        flux = models[source] (freq)
    except Exception as e:
        # Catch, e.g, going beyond frequency limits.
        cli.die ('error finding flux of %s at %f MHz: %s', source, freq, e)

    if not flux_mode:
        print ('%g' % (flux, ))
        return 0

    try:
        spindex = spindexes[source] (freq)
    except Exception as e:
        cli.warn ('error finding spectral index of %s at %f MHz: %s',
                  source, freq, e)
        spindex = 0

    print ('%g,%g,%g' % (flux, freq * 1e-3, spindex))
    return 0


if __name__ == '__main__':
    from sys import argv, exit
    exit (commandline (argv))
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  Source code for pwkit.contours

# -*- mode: python; coding: utf-8 -*-
# Copyright 2012-2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.contours - Tracing contours in functions and data.

Uses my own homebrew algorithm. So far, it's only tested on extremely
well-behaved functions, so probably doesn't cope well with poorly-behaved
ones.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'analytic_2d').split ()


import numpy as np

from . import PKError


[docs]def analytic_2d (f, df, x0, y0,
                 maxiters=5000,
                 defeta=0.05,
                 netastep=12,
                 vtol1=1e-3,
                 vtol2=1e-8,
                 maxnewt=20,
                 dorder=7,
                 goright=False):
    """Sample a contour in a 2D analytic function. Arguments:

    f
      A function, mapping (x, y) -> z.
    df
      The partial derivative: df (x, y) -> [dz/dx, dz/dy]. If None,
      the derivative of f is approximated numerically with
      scipy.derivative.
    x0
      Initial x value. Should be of "typical" size for the problem;
      avoid 0.
    y0
      Initial y value. Should be of "typical" size for the problem;
      avoid 0.

    Optional arguments:

    maxiters
      Maximum number of points to create. Default 5000.
    defeta
      Initially offset by distances of defeta*[df/dx, df/dy]
      Default 0.05.
    netastep
      Number of steps between defeta and the machine resolution
      in which we test eta values for goodness. (OMG FIXME doc).
      Default 12.
    vtol1
      Tolerance for constancy in the value of the function in the
      initial offset step. The value is only allowed to vary by
      ``f(x0,y0) * vtol1``. Default 1e-3.
    vtol2
      Tolerance for constancy in the value of the function in the
      along the contour. The value is only allowed to vary by
      ``f(x0,y0) * vtol2``. Default 1e-8.
    maxnewt
      Maximum number of Newton's method steps to take when
      attempting to hone in on the desired function value. Default 20.
    dorder
      Number of function evaluations to perform when evaluating
      the derivative of f numerically. Must be an odd integer greater
      than 1. Default 7.
    goright
      If True, trace the contour rightward (as looking uphill),
      rather than leftward (the default).

    """
    # Coerce argument types.

    if not callable (f):
        raise ValueError ('f')

    if df is not None and not callable (df):
        raise ValueError ('df')

    x0 = float (x0)
    if x0 == 0.:
        raise ValueError ('x0')

    y0 = float (y0)
    if y0 == 0.:
        raise ValueError ('y0')

    maxiters = int (maxiters)
    if maxiters < 3:
        raise ValueError ('maxiters')

    defeta = float (defeta)
    if defeta <= 0:
        raise ValueError ('defeta')

    netastep = int (netastep)
    if netastep < 2:
        raise ValueError ('netastep')

    vtol1 = float (vtol1)
    if vtol1 <= 0:
        raise ValueError ('vtol1')

    vtol2 = float (vtol2)
    if vtol2 >= vtol1:
        raise ValueError ('vtol2')

    maxnewt = int (maxnewt)
    if maxnewt < 1:
        raise ValueError ('maxnewt')

    # What value are we contouring?
    v = f (x0, y0)

    # If no derivative is given, use a numerical approximation.

    if df is None:
        derivx = abs (x0 * 0.025)
        derivy = abs (y0 * 0.025)
        from scipy import derivative

        if dorder == 2:
            # simple derivative
            def df (x1, y1):
                z0 = f (x1, y1)
                dx = max (abs (x1) * 1e-5, 1e-8)
                dy = max (abs (y1) * 1e-5, 1e-8)
                dzdx = (f (x1 + dx, y1) - z0) / dx
                dzdy = (f (x1, y1 + dy) - z0) / dy
                return [dzdx, dzdy]
        else:
            def df (x1, y1):
                dx = derivative (lambda x: f (x, y1), x1, derivx, order=dorder)
                dy = derivative (lambda y: f (x1, y), y1, derivy, order=dorder)
                return [dx, dy]

    # Init eta progression.
    rez = np.finfo (np.double).resolution
    if rez > defeta:
        raise PKError ('defeta below resolution!')
    eta_scale = np.exp ((np.log (rez) - np.log (defeta)) / netastep)

    # Init data storage
    n = 1
    pts = np.empty ((maxiters, 2))
    pts[0] = (x0, y0)
    x = x0
    y = y0

    # Quitflag: 0 if first iteration
    #           1 if inited but not yet ok to quit (definition of this below)
    #           2 if ok to quit
    # initquad: 0 if x > 0, y > 0
    #           1 if x < 0, y > 0
    #           2 if x < 0, y < 0
    #           3 if x > 0, y < 0
    # We invert these senses in the in-loop test to make comparison easy.

    quitflag = 0
    initquad = -1

    # Start finding contours.

    while n < maxiters:
        dfdx, dfdy = df (x, y)

        # If we're booting up, remember the quadrant that df/dx points in.
        # Once we've rotated around to the other direction, it is safe to quit
        # once we return close to the original point, since we must have
        # completed a circle.

        if quitflag == 0:
            if dfdx > 0:
                if dfdy > 0:
                    initquad = 0
                else:
                    initquad = 3
            else:
                if dfdy > 0:
                    initquad = 1
                else:
                    initquad = 2
            quitflag = 1
        elif quitflag == 1:
            if dfdx > 0:
                if dfdy > 0:
                    curquad = 2
                else:
                    curquad = 1
            else:
                if dfdy > 0:
                    curquad = 3
                else:
                    curquad = 0

            if curquad == initquad:
                quitflag = 2

        # We will move perpendicular to [df/dx, df/dy], rotating to the left
        # (arbitrarily) from that direction. We need to figure out how far we
        # can safely move in this direction.

        if goright:
            dx = dfdy * defeta
            dy = -dfdx * defeta
        else:
            dx = -dfdy * defeta
            dy = dfdx * defeta

        i = 0

        while i < netastep:
            nx = x + dx
            ny = y + dy
            nv = f (nx, ny)

            # Is the value of the function sufficently close to what
            # we're aiming for?
            if abs (nv / v - 1) < vtol1:
                break

            # No. Try a smaller dx/dy.
            dx *= eta_scale
            dy *= eta_scale
            i += 1
        else:
            # Failed to find a sufficiently small eta (did not break out of
            # loop)
            raise PKError ('failed to find sufficiently small eta: xy %g,%g; '
                           'dv %g; df %g,%g; dxy %g,%g; defeta %g; eta_scale '
                           '%g' % (x, y, nv - v, dfdx, dfdy, dx, dy, defeta,
                                   eta_scale))

        # Now compute a new [df/dx, df/dy], and move along it, finding our way
        # back to the desired value, 'v'. Newton's method should suffice. This
        # loop usually exits after one iteration.

        i = 0

        while i < maxnewt:
            dfdx, dfdy = df (nx, ny)
            df2 = dfdx**2 + dfdy**2
            dv = nv - v

            nx -= dv * dfdx / df2
            ny -= dv * dfdy / df2
            nv = f (nx, ny)

            if abs (nv/v - 1) < vtol2:
                break

            i += 1
        else:
            # Did not break out of loop.
            raise PKError ('failed to converge with Newton\'s method')

        # Ok, we found our next value.
        pts[n] = (nx, ny)
        x = nx
        y = ny
        n += 1

        # Time to stop? Make sure we've gone at least a half-turn so that we
        # don't just exit on the first iteration.
        if quitflag == 2:
            dist2 = (x/x0 - 1)**2 + (y/y0 - 1)**2
            if dist2 < 3 * (dx**2 + dy**2):
                break
    else:
        raise PKError ('needed too many points to close contour')

    # Woohoo! All done.
    return pts[:n]
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  Source code for pwkit.latex

# -*- mode: python; coding: utf-8 -*-
# Copyright 2013-2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.latex - various helpers for the LaTeX typesetting system.

Classes
-------

Referencer
  Accumulate a numbered list of bibtex references, then output them.
TableBuilder
  Create awesome deluxetables programmatically.

Functions
---------

latexify_l3col
  Format value in LaTeX, suitable for tables of limit values.
latexify_n2col
  Format a number in LaTeX in 2-column decimal-aligned formed.
latexify_u3col
  Format value in LaTeX, suitable for tables of uncertain values.
latexify
  Format a value in LaTeX appropriately.

Helpers for TableBuilder
------------------------

AlignedNumberFormatter
  Format numbers, aligning them at the decimal point.
BasicFormatter
  Base class for formatters.
BoolFormatter
  Format a boolean; default is True -> bullet, False -> nothing.
LimitFormatter
  Format measurements for a table of limits.
MaybeNumberFormatter
  Format numbers with a fixed number of decimal places, or
  objects with __pk_latex__().
UncertFormatter
  Format measurements for a table of detailed uncertainties.
WideHeader
  Helper for multi-column headers.


XXX: Barely tested!

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = b'''AlignedNumberFormatter BasicFormatter BoolFormatter LimitFormatter
              MaybeNumberFormatter Referencer TableBuilder UncertFormatter
              WideHeader latexify_l3col latexify_n2col latexify_u3col
              latexify'''.split ()

from . import Holder, PKError, binary_type, msmt, reraise_context, text_type


def _reftext (key):
    if key[0] == '*':
        return key[1:].encode ('ascii')
    return b'\\citet{%s}' % key.encode ('ascii')


[docs]class Referencer (object):
    """Accumulate a numbered list of bibtex references. Methods:

    refkey (bibkey)
      Return a string that should be used to give
      a numbered reference to the given bibtex
      key. "thiswork" is handled specially.
    dump ()
      Return a string with \citet{} commands identifing
      all of the numbered references.

    Attributes:

    thisworktext
      text referring to "this work"; defaults to that.
    thisworkmarker
      special symbol used to denote "this work"; defaults to star.

    Bibtex keys beginning with asterisks have the rest of their value used for
    the citation text, rather than "\citet{<key>}".

    """
    thisworktext = b'this work'
    thisworkmarker = b'$\\star$'

    def __init__ (self):
        self.bibkeys = []
        self.seenthiswork = False


    def refkey (self, bibkey):
        if bibkey is None:
            return ''

        if bibkey == 'thiswork':
            self.seenthiswork = True
            return self.thisworkmarker

        try:
            idx = self.bibkeys.index (bibkey)
        except ValueError:
            idx = len (self.bibkeys)
            self.bibkeys.append (bibkey)

        return text_type (idx + 1).encode ('ascii')


    def dump (self):
        s = b', '.join (b'[%d] %s' % (i + 1, _reftext (self.bibkeys[i]))
                       for i in xrange (len (self.bibkeys)))

        if self.seenthiswork:
            s = (b'[%s]: %s, ' % (self.thisworkmarker, self.thisworktext)) + s

        return s


# Generic infrastructure for converting Python objects to LaTeX.
#
# Note that it's important that these functions all accept miscellaneous
# kwargs arguments, so that TableBuilder invocations can pass along special
# control keywords that are only specific to certain cells, without causing
# crashes elsewhere.


[docs]def latexify (obj, **kwargs):
    """Render an object in LaTeX appropriately.

    """
    if hasattr (obj, '__pk_latex__'):
        return obj.__pk_latex__ (**kwargs)

    if isinstance (obj, text_type):
        from unicode_to_latex import unicode_to_latex
        return unicode_to_latex (obj)

    if isinstance (obj, bool):
        # isinstance (True, int) = True, so gotta handle this first.
        raise ValueError ('no well-defined LaTeXification of bool %r' % obj)

    if isinstance (obj, float):
        nplaces = kwargs.get ('nplaces')
        if nplaces is None:
            return b'$%f$' % obj
        return b'$%.*f$' % (nplaces, obj)

    if isinstance (obj, int):
        return b'$%d$' % obj

    if isinstance (obj, binary_type):
        raise ValueError ('no safe LaTeXification of binary string %r' % obj)

    raise ValueError ('can\'t LaTeXify %r' % obj)



[docs]def latexify_n2col (x, nplaces=None, **kwargs):
    """Render a number into LaTeX in a 2-column format, where the columns split
    immediately to the left of the decimal point. This gives nice alignment of
    numbers in a table.

    """
    if nplaces is not None:
        t = b'%.*f' % (nplaces, x)
    else:
        t = b'%f' % x

    if b'.' not in t:
        return b'$%s$ &' % t

    left, right = t.split (b'.')
    return b'$%s$ & $.%s$' % (left, right)



[docs]def latexify_u3col (obj, **kwargs):
    """Convert an object to special LaTeX for uncertainty tables.

    This conversion is meant for uncertain values in a table. The return value
    should span three columns. The first column ends just before the decimal
    point in the main number value, if it has one. It has no separation from
    the second column. The second column goes from the decimal point until
    just before the "plus-or-minus" indicator. The third column goes from the
    "plus-or-minus" until the end. If the item being formatted does not fit this
    schema, it can be wrapped in something like '\multicolumn{3}{c}{...}'.

    """
    if hasattr (obj, '__pk_latex_u3col__'):
        return obj.__pk_latex_u3col__ (**kwargs)

    # TODO: there are reasonable ways to format many basic types, but I'm not
    # going to implement them until I need to.

    raise ValueError ('can\'t LaTeXify %r in 3-column uncertain format' % obj)



[docs]def latexify_l3col (obj, **kwargs):
    """Convert an object to special LaTeX for limit tables.

    This conversion is meant for limit values in a table. The return value
    should span three columns. The first column is the limit indicator: <, >,
    ~, etc. The second column is the whole part of the value, up until just
    before the decimal point. The third column is the decimal point and the
    fractional part of the value, if present. If the item being formatted does
    not fit this schema, it can be wrapped in something like
    '\multicolumn{3}{c}{...}'.

    """
    if hasattr (obj, '__pk_latex_l3col__'):
        return obj.__pk_latex_l3col__ (**kwargs)

    if isinstance (obj, bool):
        # isinstance (True, int) = True, so gotta handle this first.
        raise ValueError ('no well-defined l3col LaTeXification of bool %r' % obj)

    if isinstance (obj, float):
        return b'&' + latexify_n2col (obj, **kwargs)

    if isinstance (obj, int):
        return b'& $%d$ &' % obj

    raise ValueError ('can\'t LaTeXify %r in 3-column limit format' % obj)



# Building nice deluxetables.


[docs]class WideHeader (object):
    """Information needed for constructing wide table headers.

    nlogcols - Number of logical columns consumed by this header.
    content  - The LaTeX to insert for this header's content.
    align    - The alignment of this header; default 'c'.

    Rendered as \multicolumn{nlatex}{align}{content}, where `nlatex` is the
    number of LaTeX columns spanned by this header -- which may be larger than
    `nlogcols` if certain logical columns span multiple LaTeX columns.

    """
    def __init__ (self, nlogcols, content, align=b'c'):
        self.nlogcols = nlogcols
        self.align = align
        self.content = content



[docs]class TableBuilder (object):
    """Build and then emit a nice deluxetable.

    Methods:

    addcol (headings, datafunc, formatter=None, colspec=None, numbering='(%d)')
       Define a logical column.
    addnote (key, text)
       Define a table note that can appear in cells.
    addhcline (headerrowix, logcolidx, latexdeltastart, latexdeltaend)
       Add a horizontal line between columns.
    notemark (key)
       Return a \\tablenotemark{} command for the specified note key.
    emit (stream, items)
       Write the table, with one row for each thing in `items`, to the stream.

    If an item has an attribute `tb_row_preamble`, that text is written verbatim
    before that corresponding row is output.

    Attributes:

    environment
      The name of the latex environment to use, default "deluxetable".
      You may want to specify "deluxetable*", or "mydeluxetable" if
      using a hacked package.
    label
      The latex reference label of the table. Mandatory.
    note
      A note at the table footer ("\\tablecomments{}" in LaTeX).
    preamble
      Commands for table preamble. See below.
    refs
      Contents of the table References section.
    title
      Table title. Default "Untitled table".
    widthspec
      Passed to \\tablewidth{}; default "0em" = auto-widen.
    numbercols
      If True, number each column. This can be disabled on a
      col-by-col basis by calling `addcol` with `numbering` set to
      False.

    Legal preamble commands are::

        \\rotate
        \\tablenum{<manual table identifier>}
        \\tabletypesize{<font size command>}

    The commands \\tablecaption, \\tablecolumns, \\tablehead, and \\tablewidth
    are handled specially.

    If \\tablewidth{} is not provided, the table is set at full width, not its
    natural width, which is a lame default. The default `widthspec` lets us
    auto-widen while providing a clear avenue to customizing the width.

    """
    environment = b'deluxetable'
    label = None
    note = b''
    preamble = b''
    refs = b''
    title = b'Untitled table'
    widthspec = b'0em'
    numbercols = True

    def __init__ (self, label):
        self._colinfo = []
        self._hclines = []
        self._notes = {}
        self._notecounter = 0
        self.label = label


[docs]    def addcol (self, headings, datafunc, formatter=None, colspec=None, numbering='(%d)'):
        """Define a logical column. Arguments:

        headings
          A string, or list of strings and WideHeaders. The headings are stacked
          vertically in the table header section.
        datafunc
          Return LaTeX for this cell. Call spec should be
          (item, [formatter, [tablebuilder]]).
        formatter
          The formatter to use; defaults to a new BasicFormatter.
        colspec
          The LaTeX column specification letters to use; defaults to 'c's.
        numbering
          If non-False, a format for writing this column's number; if False,
          no number is written.

        """
        if formatter is None:
            formatter = BasicFormatter ()

        if isinstance (headings, basestring):
            headings = (headings, )

        if not hasattr (datafunc, 'func_code'):
            raise ValueError ('datafunc must have a "func_code" field')

        nargs = datafunc.func_code.co_argcount
        if nargs == 3:
            wrapped = datafunc # (item, formatter, builder)
        elif nargs == 2:
            wrapped = lambda i, f, b: datafunc (i, f)
        elif nargs == 1:
            wrapped = lambda i, f, b: datafunc (i)
        elif nargs == 0: # why not
            wrapped = lambda i, f, b: datafunc ()
        else:
            raise ValueError ('datafunc must accept between 0 and 3 args; it takes %d' % nargs)

        ci = Holder (headings=headings, formatter=formatter,
                     wdatafunc=wrapped, colspec=colspec, numbering=numbering)
        self._colinfo.append (ci)
        return self



    def addnote (self, key, text):
        self._notes[key] = [None, text]
        return self


[docs]    def addhcline (self, headerrowidx, logcolidx, latexdeltastart, latexdeltaend):
        """Adds a horizontal line below a limited range of columns in the header section.
        Arguments:

        headerrowidx    - The 0-based row number *below* which the line will be
                          drawn; i.e. 0 means that the line will be drawn below
                          the first row of header cells.
        logcolidx       - The 0-based 'logical' column number relative to which
                          the line will be placed; i.e. 1 means that the line
                          placement will be relative to the second column
                          defined in an addcol() call.
        latexdeltastart - The relative position at which to start drawing the
                          line relative to that logical column, in LaTeX
                          columns; typically going to be zero.
        latexdeltaend   - The relative position at which to finish drawing the
                          line, in the standard Python noninclusive sense. I.e.,
                          if you want to underline two LaTeX columns,
                          latexdeltaend = latexdeltastart + 2.

        """
        self._hclines.append ((headerrowidx, logcolidx, latexdeltastart, latexdeltaend))
        return self



    def notemark (self, key):
        noteinfo = self._notes.get (key)
        if noteinfo is None:
            raise ValueError ('unrecognized note key "%s"' % key)

        if noteinfo[0] is None:
            if self._notecounter > 25:
                raise PKError ('maximum number of table notes exceeded')

            noteinfo[0] = self._notecounter
            self._notecounter += 1

        return b'\\tablenotemark{%c}' % chr (ord (b'a') + noteinfo[0]).encode ('ascii')


    def emit (self, stream, items):
        write = stream.write
        colinfo = self._colinfo

        colspec = b''
        ncols = 0
        nheadrows = 0
        curlatexcol = 1

        for ci in colinfo:
            ci.nlcol, colspecpart, ci.headprefix = ci.formatter.colinfo (self)
            ci.latexcol = curlatexcol

            if ci.colspec is not None:
                # This is more about convenience for columns that don't have
                # fancy alignment requirements, rather than about allowing
                # overriding.
                colspecpart = ci.colspec

            if colspecpart is None:
                colspecpart = b'c' * ci.nlcol

            ncols += ci.nlcol
            colspec += colspecpart
            nheadrows = max (nheadrows, len (ci.headings))
            curlatexcol += ci.nlcol

        write (b'% TableBuilder table\n')
        write (br'\begin{')
        write (self.environment)
        write (b'}{')
        write (colspec)
        write (b'}\n%custom preamble\n')
        write (self.preamble)
        write (b'\n%hardcoded preamble\n\\tablecolumns{')
        write (text_type (ncols).encode ('ascii'))
        write (b'}\n\\tablewidth{')
        write (self.widthspec)
        write (b'}\n\\tablecaption{')
        write (self.title)
        write (b'\\label{')
        write (self.label)
        write (b'}}\n\\tablehead{\n')

        cr = b''

        for i in xrange (nheadrows):
            write (cr)

            for hidx, cidx, lds, lde in self._hclines:
                # Note super inefficiency. Who cares?
                if hidx == i - 1:
                    latexcolbase = colinfo[cidx].latexcol
                    write (b' \\cline{')
                    write (text_type (latexcolbase + lds).encode ('ascii'))
                    write (b'-')
                    write (text_type (latexcolbase + lde - 1).encode ('ascii'))
                    write (b'} ')

            sep = b''
            nlefttoskip = 0

            for cidx, ci in enumerate (colinfo):
                write (sep)

                if nlefttoskip < 1:
                    if len (ci.headings) <= i:
                        write (b' & ' * (ci.nlcol - 1))
                    else:
                        h = ci.headings[i]

                        if isinstance (h, WideHeader):
                            nlefttoskip = h.nlogcols

                            nlatex = 0
                            for j in xrange (h.nlogcols):
                                nlatex += colinfo[cidx + j].nlcol

                            write (b'\\multicolumn{')
                            write (text_type (nlatex).encode ('ascii'))
                            write (b'}{')
                            write (h.align)
                            write (b'}{')
                            write (h.content)
                            write (b'}')
                        else:
                            write (ci.headprefix)
                            write (b'{')
                            write (h)
                            write (b'}')

                nlefttoskip -= 1

                if nlefttoskip > 0:
                    sep = b' '
                else:
                    sep = b' & '

            cr = b' \\\\\n'

        if self.numbercols:
            colnum = 1
            sep = b''
            write (b' \\\\ \\\\\n')

            for ci in colinfo:
                write (sep)
                write (b'\\multicolumn{')
                write (text_type (ci.nlcol).encode ('ascii'))
                write (b'}{c}{')
                if ci.numbering is False:
                    pass
                elif b'%d' in ci.numbering:
                    write (ci.numbering % colnum)
                    colnum += 1
                else:
                    write (ci.numbering)
                write (b'}')
                sep = b' & '

        write (b'\n}\n\\startdata\n')

        cr = b''

        for item in items:
            write (cr)
            sep = b''

            rp = getattr (item, 'tb_row_preamble', None)
            if rp is not None:
                write (rp)

            for ci in colinfo:
                write (sep)
                formatted = ci.wdatafunc (item, ci.formatter, self)
                try:
                    write (formatted)
                except Exception:
                    reraise_context ('while writing %r (from %r with %r)',
                                     formatted, item, ci.formatter)
                sep = b' & '

            cr = b' \\\\\n'

        write (b'\n\\enddata\n')

        if self.note is not None and len (self.note):
            write (b'\\tablecomments{')
            write (self.note)
            write (b'}\n')

        if self.refs is not None and len (self.refs):
            write (b'\\tablerefs{')
            write (self.refs)
            write (b'}\n')

        for noteinfo in sorted ((ni for ni in self._notes.itervalues ()
                                 if ni[0] is not None), key=lambda ni: ni[0]):
            write (b'\\tablenotetext{')
            write (chr (ord ('a') + noteinfo[0]).encode ('ascii'))
            write (b'}{')
            write (noteinfo[1])
            write (b'}\n')

        write (br'\end{')
        write (self.environment)
        write (b'}\n% end TableBuilder table\n')



[docs]class BasicFormatter (object):
    """Base class for formatting table cells in a TableBuilder.

    Generally a formatter will also provide methods for turning input data
    into fancified LaTeX output that can be used by the column's "data
    function".

    """
[docs]    def colinfo (self, builder):
        """Return (nlcol, colspec, headprefix), where:

        nlcol      - The number of LaTeX columns encompassed by this logical
                     column.
        colspec    - Its LaTeX column specification (None to force user to
                     specify).
        headprefix - Prefix applied before heading items in {} (e.g.,
                     "\\colhead").

        """
        return 1, None, b'\\colhead'





[docs]class BoolFormatter (BasicFormatter):
    """Format booleans. Attributes `truetext` and `falsetext` set what shows up
    for true and false values, respectively.

    """
    truetext = b'$\\bullet$'
    falsetext = b''

    def colinfo (self, builder):
        return 1, b'c', b'\\colhead'

    def format (self, value):
        if value:
            return self.truetext
        return self.falsetext



[docs]class MaybeNumberFormatter (BasicFormatter):
    """Format Python objects. If it's a number, format it as such, without any
    fancy column alignment, but with a specifiable number of decimal places.
    Otherwise, call latexify() on it.

    """
    def __init__ (self, nplaces=1, align=b'c'):
        self.nplaces = nplaces
        self.align = align

    def colinfo (self, builder):
        return 1, self.align, b'\\colhead'

    def format (self, datum, nplaces=None):
        if datum is None:
            return b''

        try:
            v = float (datum)
        except TypeError:
            return latexify (datum)
        else:
            if nplaces is None:
                nplaces = self.nplaces
            return b'$%.*f$' % (nplaces, v)



[docs]class AlignedNumberFormatter (BasicFormatter):
    """Format numbers. Allows the number of decimal places to be specified, and
    aligns the numbers at the decimal point.

    """
    def __init__ (self, nplaces=1):
        self.nplaces = nplaces

    def colinfo (self, builder):
        return 2, b'r@{}l', b'\\multicolumn{2}{c}'

    def format (self, datum, nplaces=None):
        if datum is None:
            return b' & '
        if nplaces is None:
            nplaces = self.nplaces

        return latexify_n2col (float (datum), nplaces=nplaces)



[docs]class UncertFormatter (BasicFormatter):
    """Format measurements (cf. pwkit.msmt) with detailed uncertainty information,
    possibly including asymmetric uncertainties. Because of the latter
    possibility, table rows have to be made extra-high to maintain evenness.

    """
    strut = br'\rule{0pt}{3ex}'

    def colinfo (self, builder):
        return 3, b'r@{}l@{\,}l', b'\\multicolumn{3}{c}'

    def format (self, datum, **kwargs):
        if datum is None:
            return b' & & ' + self.strut
        return latexify_u3col (datum, **kwargs) + self.strut



[docs]class LimitFormatter (BasicFormatter):
    """Format measurements (cf pwkit.msmt) with nice-looking limit information.
    Specific uncertainty information is discarded. The default formats do not
    involve fancy subscripts or superscripts, so row struts are not needed ...
    by default.

    """
    strut = br''

    def colinfo (self, builder):
        return 3, br'r@{\,}r@{}l', br'\multicolumn{3}{c}'

    def format (self, datum, **kwargs):
        if datum is None:
            return b' & & ' + self.strut
        return latexify_l3col (datum, **kwargs) + self.strut
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  Source code for pwkit.kbn_conf

# -*- mode: python; coding: utf-8 -*-
# Copyright 2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.kbn_conf - calculate Poisson-like confidence intervals assuming a background

This module implements the Bayesian confidence intervals for Poisson processes
in a background using the approach described in Kraft, Burrows, & Nousek
(1991). That paper provides tables of values; this module can calculate
intervals for arbitrary inputs. Requires `scipy`.

This implementation almost directly transcribes the equations. We do, however,
work in log-gamma space to try to avoid overflows with large values of N or B.

Functions:

kbn_conf     - Compute a single confidence limit.
vec_kbn_conf - Vectorized version of `kbn_conf`.

TODO: tests!

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'kbn_conf vec_kbn_conf').split ()

from numpy import exp, log, vectorize
from scipy.special import gammaln
from scipy.integrate import quad
from scipy.optimize import newton


def _cconst (N, B):
    s = 0.
    lnb = log (B)

    for n in xrange (N + 1):
        s += exp (-B + n * lnb - gammaln (n + 1))

    return 1. / s


def _fcnb (C, N, B, S):
    return C * exp (-(S + B) + N * log (S + B) - gammaln (N + 1))


def _fnb (N, B, S):
    return _fcnb (_cconst (N, B), N, B, S)


[docs]def kbn_conf (N, B, CL):
    """Given a (integer) number of observed Poisson events `N` and a (real)
    expected number of background events `B` and a confidence limit `CL`
    (between 0 and 1), return the confidence interval on the source event
    rate.

    Returns: (Smin, Smax)

    This interval is calculated using the Bayesian formalism of Kraft, Burrows, &
    Nousek (1991), which assumes no uncertainty in `B` and returns the smallest
    possible interval that satisfies the above properties.

    Example: in a certain time interval, 3 events were recorded. Based on
    external knowledge, it is expected that on average 0.5 background events will
    be recorded in the same interval. The 95% confidence interval on the source
    event rate is

    >>> kbn_conf.kbn_conf (3, 0.5, 0.95)
    <<< (0.22156, 7.40188)

    which agrees with the entry in Table 2 of KBN91.

    Reference info: 1991ApJ...374..344K, doi:10.1086/170124

    """

    tol = 1e-6

    origN = N
    try:
        N = int (N)
        assert N == origN
    except Exception:
        raise ValueError ('N must be an integer')

    CL = float (CL)
    if CL <= 0. or CL >= 1.:
        raise ValueError ('CL must be between 0 and 1, noninclusive')

    B = float (B)
    if B < 0:
        raise ValueError ('B must be nonnegative')

    # OK, arg-checking is out of the way. Precompute some things ...

    C = _cconst (N, B)
    f = lambda s: _fcnb (C, N, B, s)

    # The goal is find Smin and Smax such that the integral of _fnb between
    # Smin and Smax is CL, and _fnb (Smin) = _fnb (Smax). Follow the
    # suggestion in Kraft, Burrows, & Nousek (1991) and start at the
    # maximum-probability value, integrating outwards trying to maintain the
    # constraints. We have to be careful because smin cannot go below zero,
    # and to ignore the enormous typo ("local maximum at S = B + N"!) in the
    # paper!

    smin = smax = max (N - B, 0.)
    fmin = f (smin)
    fmax = f (smax)
    conf = 0.

    while conf < CL:
        if smin == 0. or fmin < fmax:
            stepsize = max (0.2 * abs (CL - conf) / CL / fmax, tol)
            conf += quad (f, smax, smax + stepsize)[0]
            smax += stepsize
            fmax = f (smax)
        else:
            stepsize = max (min (0.2 * abs (CL - conf) / CL / fmin, 0.1 * smin), tol)
            if smin - stepsize < tol:
                conf += quad (f, 0, smin)[0]
                smin = 0.
            else:
                conf += quad (f, smin - stepsize, smin)[0]
                smin -= stepsize
            fmin = f (smin)

    return smin, smax



vec_kbn_conf = vectorize (kbn_conf, otypes=[float, float], doc="""Vectorized form of `kbn_conf`.

All three inputs must be broadcastable to a common shape.""")
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  Source code for pwkit.tabfile

# -*- mode: python; coding: utf-8 -*-
# Copyright 2013-2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.tabfile - I/O with typed tables of uncertain measurements.

Functions:

read    - Read a typed table file.
vizread - Read a headerless table file, with columns specified separately
write   - Write a typed table file.

The table format is line-oriented text. Hashes denote comments. Initial lines
of the form "colname = value" set a column name that gets the same value for
every item in the table. The header line is prefixed with an @ sign.
Subsequent lines are data rows.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'read vizread write').split ()

from . import Holder, PKError, io, msmt, reraise_context


def _getparser (lname):
    a = lname.rsplit (':', 1)
    if len (a) == 1:
        a.append ('s')
    return a[0], msmt.parsers[a[1]]


def _trimmedlines (path, **kwargs):
    for line in io.pathlines (path, **kwargs):
        line = line[:-1] # trailing newline
        line = line.split ('#', 1)[0]
        if not len (line):
            continue
        if line.isspace ():
            continue
        yield line


[docs]def read (path, tabwidth=8, **kwargs):
    """Read a typed tabular text file into a stream of Holders.

    Arguments:

    path
      The path of the file to read.
    tabwidth=8
      The tab width to assume. Please don't monkey with it.
    mode='rt'
      The file open mode (passed to io.open()).
    noexistok=False
      If True and the file is missing, treat it as empty.
    ``**kwargs``
      Passed to io.open ().

    Returns a generator for a stream of `pwkit.Holder`s, each of which will
    contain ints, strings, or some kind of measurement (cf `pwkit.msmt`).

    """
    datamode = False
    fixedcols = {}

    for text in _trimmedlines (path, **kwargs):
        text = text.expandtabs (tabwidth)

        if datamode:
            # table row
            h = Holder ()
            h.set (**fixedcols)
            for name, cslice, parser in info:
                try:
                    v = parser (text[cslice].strip ())
                except:
                    reraise_context ('while parsing "%s"', text[cslice].strip ())
                h.set_one (name, v)
            yield h
        elif text[0] != '@':
            # fixed column
            padnamekind, padval = text.split ('=', 1)
            name, parser = _getparser (padnamekind.strip ())
            fixedcols[name] = parser (padval.strip ())
        else:
            # column specification
            n = len (text)
            assert n > 1
            start = 0
            info = []

            while start < n:
                end = start + 1
                while end < n and (not text[end].isspace ()):
                    end += 1

                if start == 0:
                    namekind = text[start+1:end] # eat leading @
                else:
                    namekind = text[start:end]

                while end < n and text[end].isspace ():
                    end += 1

                name, parser = _getparser (namekind)
                if parser is None: # allow columns to be ignored
                    skippedlast = True
                else:
                    skippedlast = False
                    info.append ((name, slice (start, end), parser))
                start = end

            datamode = True

            if not skippedlast:
                # make our last column go as long as the line goes
                # (e.g. for "comments" columns)
                # but if the real last column is ":x"-type, then info[-1]
                # doesn't run up to the end of the line, so do nothing in that case.
                lname, lslice, lparser = info[-1]
                info[-1] = lname, slice (lslice.start, None), lparser



def _tabpad (text, width, tabwidth=8):
    # note: assumes we're starting tab-aligned
    l = len (text)
    assert l <= width

    if l == width:
        return text

    n = width - l
    ntab = n // tabwidth
    nsp = n - ntab * tabwidth
    return ''.join ((text, ' ' * nsp, '\t' * ntab))


[docs]def write (stream, items, fieldnames, tabwidth=8):
    """Write a typed tabular text file to the specified stream.

    Arguments:

    stream
      The destination stream.
    items
      An iterable of items to write. Two passes have to
      be made over the items (to discover the needed column widths),
      so this will be saved into a list.
    fieldnames
      Either a list of field name strings, or a single string.
      If the latter, it will be split into a list with .split().
    tabwidth=8
      The tab width to use. Please don't monkey with it.

    Returns nothing.

    """
    if isinstance (fieldnames, basestring):
        fieldnames = fieldnames.split ()

    maxlens = [0] * len (fieldnames)

    # We have to make two passes, so listify:
    items = list (items)

    # pass 1: get types and maximum lengths for each record. Pad by 1 to
    # ensure there's at least one space between all columns.

    coltypes = [None] * len (fieldnames)

    for i in items:
        for idx, fn in enumerate (fieldnames):
            val = i.get (fn)
            if val is None:
                continue

            typetag, text, inexact = msmt.fmtinfo (val)
            maxlens[idx] = max (maxlens[idx], len (text) + 1)

            if coltypes[idx] is None:
                coltypes[idx] = typetag
                continue

            if coltypes[idx] == typetag:
                continue

            if coltypes[idx][-1] == 'f' and typetag[-1] == 'u':
                # Can upcast floats to uvals
                if coltypes[idx][:-1] == typetag[:-1]:
                    coltypes[idx] = coltypes[idx][:-1] + 'u'
                    continue

            if coltypes[idx][-1] == 'u' and typetag[-1] == 'f':
                if coltypes[idx][:-1] == typetag[:-1]:
                    continue

            raise PKError ('irreconcilable column types: %s and %s', coltypes[idx], typetag)

    # Compute column headers and their widths

    headers = list (fieldnames)
    headers[0] = '@' + headers[0]

    for idx, fn in enumerate (fieldnames):
        if coltypes[idx] != '':
            headers[idx] += ':' + coltypes[idx]

        maxlens[idx] = max (maxlens[idx], len (headers[idx]))

    widths = [tabwidth * ((k + tabwidth - 1) // tabwidth) for k in maxlens]

    # pass 2: write out

    print (''.join (_tabpad (h, widths[idx], tabwidth)
                    for (idx, h) in enumerate (headers)), file=stream)

    def ustr (i, f):
        v = i.get (f)
        if v is None:
            return ''
        return msmt.fmtinfo (v)[1]

    for i in items:
        print (''.join (_tabpad (ustr (i, fn), widths[idx], tabwidth)
                        for (idx, fn) in enumerate (fieldnames)), file=stream)



[docs]def vizread (descpath, descsection, tabpath, tabwidth=8, **kwargs):
    """Read a headerless tabular text file into a stream of Holders.

    Arguments:

    descpath
      The path of the table description ini file.
    descsection
      The section in the description file to use.
    tabpath
      The path to the actual table data.
    tabwidth=8
      The tab width to assume. Please don't monkey with it.
    mode='rt'
      The table file open mode (passed to io.open()).
    noexistok=False
      If True and the file is missing, treat it as empty.
    ``**kwargs``
      Passed to io.open ().

    Returns a generator of a stream of `pwkit.Holder`s, each of which will
    contain ints, strings, or some kind of measurement (cf `pwkit.msmt`). In
    this version, the table file does not contain a header, as seen in Vizier
    data files. The corresponding section in the description ini file has keys
    of the form "colname = <start> <end> [type]", where <start> and <end> are
    the **1-based** character numbers defining the column, and [type] is an
    optional specified of the measurement type of the column (one of the usual
    b, i, f, u, Lu, Pu).

    """
    from .inifile import read as iniread

    cols = []

    for i in iniread (descpath):
        if i.section != descsection:
            continue

        for field, desc in i.__dict__.iteritems ():
            if field == 'section':
                continue

            a = desc.split ()
            idx0 = int (a[0]) - 1

            if len (a) == 1:
                cols.append ((field, slice (idx0, idx0 + 1), msmt.parsers['s']))
                continue

            if len (a) == 2:
                parser = msmt.parsers['s']
            else:
                parser = msmt.parsers[a[2]]

            cols.append ((field, slice (idx0, int (a[1])), parser))

    for text in _trimmedlines (tabpath, **kwargs):
        text = text.expandtabs (tabwidth)

        h = Holder ()
        for name, cslice, parser in cols:
            try:
                v = parser (text[cslice].strip ())
            except:
                reraise_context ('while parsing "%s"', text[cslice].strip ())
            h.set_one (name, v)

        yield h
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  Source code for pwkit.lsqmdl

# -*- mode: python; coding: utf-8 -*-
# Copyright 2012-2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.lsqmdl - model data with least-squares fitting

Classes:

Model                  - Modeling with any function using Levenberg-Marquardt.
Parameter              - Information about a specific model parameter.
PolynomialModel        - Modeling with polynomials.
ScaleModel             - Modeling with a single scale factor.
ComposedModel          - Modeling with combinations of pluggable components.

ModelComponent         - Base class for ComposedModel components.
AddConstantComponent   - Adds a single value to all data points.
AddValuesComponent     - Adds a parameter for every data point.
AddPolynomialComponent - Adds a polynomial.
SeriesComponent        - Apply a set of subcomponents in series.
MatMultComponent       - Combine subcomponents in a matrix multiplication.
ScaleComponent         - Multiplies the data by a single value.

Usage::

  m = Model (func, data, [invsigma], [args]).solve (guess).print_soln ()
      # func takes (p1, p2, p3[, *args]) and returns model data
  m = PolynomialModel (maxexponent, x, data, [invsigma]).solve ().plot ()
  m = ScaleModel (x, data, [invsigma]).solve ().show_cov ()
      # data = m*x

The invsigma are *inverse sigmas*, NOT inverse *variances* (the usual
statistical weights). Since most applications deal in sigmas, take care to
write::

  m = Model (func, data, 1./uncerts) # right!

not::

  m = Model (func, data, uncerts) # WRONG

If you have zero uncertainty on a measurement, too bad.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'Model PolynomialModel ScaleModel').split ()

import numpy as np
try:
    # numpy 1.7
    import numpy.polynomial.polynomial as npoly
except ImportError:
    import numpy.polynomial as npoly

from . import binary_type, text_type


class Parameter (object):
    """Information about a parameter in a least-squares model. These data may only
    be obtained after solving least-squares problem.

    These objects reference information from their parent objects, so changing
    the parent will alter the apparent contents of these objects.

    Properties:

    index  - The parameter's index in the Model's arrays.
    name   - The parameter's name.
    value  - The parameter's value.
    uncert - The uncertainty in value.
    uval   - Accesses ``value`` and ``uncert`` as a ``pwkit.msmt.Uval``.

    """
    def __init__ (self, owner, index):
        self._owner = owner
        self._index = index

    def __repr__ (self):
        return '<Parameter "%s" (#%d) of %s>' % (self.name, self._index, self._owner)

    @property
    def index (self): # make this read-only
        return self._index

    @property
    def name (self):
        return self._owner.pnames[self._index]

    @property
    def value (self):
        return self._owner.params[self._index]

    @property
    def uncert (self):
        return self._owner.puncerts[self._index]

    @property
    def uval (self):
        from .msmt import Uval
        return Uval.from_norm (self.value, self.uncert)


class _ModelBase (object):

    """Data and a model for least-squares fitting. Attributes:

    data     - The data to be modeled.
    invsigma - Weights: 1/σ for each data point.
    params   - ndarray of solved model parameters.
    puncerts - ndarray of 1-sigma uncerts on params.
    pnames   - list of string names for parameters.
    covar    - Covariance matrix of parameters.
    mfunc    - A function f(...) evaluating model fixed at best params.
    mdata    - The modeled data at the best params.
    rchisq   - Reduced χ² of the fit.
    resids   - resids = data - mdata.

    Methods:

    plot       - Plot the data and model (requires `omega`; assumes 1D data).
    print_soln - Print information about the model solution.
    set_data   - Set the data to be modeled.
    show_cov   - Show the parameter covariance matrix with `pwkit.ndshow_gtk2`.
    show_corr  - Show the parameter correlation matrix with `pwkit.ndshow_gtk2`.
    solve      - Fit the model to the data.

    A ``Parameter`` data structure may be obtained by indexing this object
    with either the parameter's numerical index or its name. I.e.,

      m = Model (...).solve (...)
      p = m['slope']
      print (p.name, p.value, p.uncert, p.uval)

    """
    data = None
    invsigma = None
    params = None
    puncerts = None
    pnames = None
    covar = None
    mfunc = None
    mdata = None
    rchisq = None
    resids = None

    def __init__ (self, data, invsigma=None):
        self.set_data (data, invsigma)


    def set_data (self, data, invsigma=None):
        self.data = np.array (data, dtype=np.float, ndmin=1)

        if invsigma is None:
            self.invsigma = np.ones (self.data.shape)
        else:
            i = np.array (invsigma, dtype=np.float)
            self.invsigma = np.broadcast_arrays (self.data, i)[1] # allow scalar invsigma

        if self.invsigma.shape != self.data.shape:
            raise ValueError ('data values and inverse-sigma values must have same shape')


    def print_soln (self):
        lmax = reduce (max, (len (x) for x in self.pnames), len ('r chi sq'))

        if self.puncerts is None:
            for pn, val in zip (self.pnames, self.params):
                print ('%s: %14g' % (pn.rjust (lmax), val))
        else:
            for pn, val, err in zip (self.pnames, self.params, self.puncerts):
                frac = abs (100. * err / val)
                print ('%s: %14g +/- %14g (%.2f%%)' % (pn.rjust (lmax), val, err, frac))

        if self.rchisq is None:
            print ('%s: unknown/undefined' % ('r chi sq'.rjust (lmax)))
        else:
            print ('%s: %14g' % ('r chi sq'.rjust (lmax), self.rchisq))
        return self


    def __getitem__ (self, key):
        if isinstance (key, binary_type):
            # If you're not using the unicode_literals __future__, things get
            # annoying really quickly without this.
            key = text_type (key)

        if isinstance (key, int):
            idx = key
            if idx < 0 or idx >= len (self.pnames):
                raise ValueError ('illegal parameter number %d' % key)
        elif isinstance (key, text_type):
            try:
                idx = self.pnames.index (key)
            except ValueError:
                raise ValueError ('no such parameter named "%s"' % key)
        else:
            raise ValueError ('illegal parameter key %r' % key)

        return Parameter (self, idx)


    def plot (self, modelx, dlines=False, xmin=None, xmax=None,
              ymin=None, ymax=None, **kwargs):
        """This assumes that `data` is 1D and that `mfunc` takes one argument that
        should be treated as the X variable.

        """
        import omega as om

        modelx = np.asarray (modelx)
        if modelx.shape != self.data.shape:
            raise ValueError ('modelx and data arrays must have same shape')

        modely = self.mfunc (modelx)
        sigmas = self.invsigma**-1 # TODO: handle invsigma = 0

        vb = om.layout.VBox (2)
        vb.pData = om.quickXYErr (modelx, self.data, sigmas,
                                  'Data', lines=dlines, **kwargs)

        vb[0] = vb.pData
        vb[0].addXY (modelx, modely, 'Model')
        vb[0].setYLabel ('Y')
        vb[0].rebound (False, True)
        vb[0].setBounds (xmin, xmax, ymin, ymax)

        vb[1] = vb.pResid = om.RectPlot ()
        vb[1].defaultField.xaxis = vb[1].defaultField.xaxis
        vb[1].addXYErr (modelx, self.resids, sigmas, None, lines=False)
        vb[1].setLabels ('X', 'Residuals')
        vb[1].rebound (False, True)
        # ignore Y values since residuals are on different scale:
        vb[1].setBounds (xmin, xmax)

        vb.setWeight (0, 3)
        return vb


    def show_cov (self):
        # would be nice: labels with parameter names (hard because this is
        # ndshow, not omegaplot)
        from .ndshow_gtk2 import view
        view (self.covar, title='Covariance Matrix')


    def show_corr (self):
        from .ndshow_gtk2 import view
        d = np.diag (self.covar) ** -0.5
        corr = self.covar * d[np.newaxis,:] * d[:,np.newaxis]
        view (corr, title='Correlation Matrix')


class Model (_ModelBase):
    def __init__ (self, simple_func, data, invsigma=None, args=()):
        if simple_func is not None:
            self.set_simple_func (simple_func, args)
        if data is not None:
            self.set_data (data, invsigma)


    def set_func (self, func, pnames, args=()):
        """This function creates the `lmmin.Problem` so that the caller can futz with
        it before calling solve(), if so desired.

        """
        from .lmmin import Problem

        self.func = func
        self._args = args
        self.pnames = list (pnames)
        self.lm_prob = Problem (len (self.pnames))
        return self


    def set_simple_func (self, func, args=()):
        npar = func.func_code.co_argcount - len (args)
        pnames = func.func_code.co_varnames[:npar]

        def wrapper (params, *args):
            return func (*(tuple (params) + args))

        return self.set_func (wrapper, pnames, args)


    def make_frozen_func (self, params):
        """Returns a model function frozen to the specified parameter values. Any
        remaining arguments are left free and must be provided when the
        function is called.

        This just applies `functools.partial` to the `func` property of this
        object.

        """
        params = np.array (params, dtype=np.float, ndmin=1)
        from functools import partial
        return partial (self.func, params)


    def solve (self, guess):
        guess = np.array (guess, dtype=np.float, ndmin=1)
        f = self.func
        args = self._args

        def lmfunc (params, vec):
            vec[:] = f (params, *args).flatten ()

        self.lm_prob.set_residual_func (self.data.flatten (),
                                        self.invsigma.flatten (),
                                        lmfunc, None)
        self.lm_soln = soln = self.lm_prob.solve (guess)

        self.params = soln.params
        self.puncerts = soln.perror
        self.covar = soln.covar
        self.mfunc = self.make_frozen_func (soln.params)

        # fvec = resids * invsigma = (data - mdata) * invsigma
        self.resids = soln.fvec.reshape (self.data.shape) / self.invsigma
        self.mdata = self.data - self.resids

        if soln.ndof > 0:
            # lm_soln.fnorm can be unreliable ("max (fnorm, fnorm1)" branch)
            self.rchisq = (self.lm_soln.fvec**2).sum () / soln.ndof
        else:
            self.rchisq = None
        return self


[docs]class PolynomialModel (_ModelBase):
    """Least-squares polynomial fit.

    Because this is a very specialized kind of problem, we don't need an
    initial guess to solve, and we can use fast built-in numerical routines.

    The output parameters are named "a0", "a1", ... and are stored in that
    order in PolynomialModel.params[]. We have ``y = sum(x**i * a[i])``, so
    "a2" = "params[2]" is the quadratic term, etc.

    This model does *not* give uncertainties on the derived coefficients. The
    as_nonlinear() method can be use to get a `Model` instance with
    uncertainties.

    Methods:

    as_nonlinear - Return a (lmmin-based) `Model` equivalent to self.

    """
    def __init__ (self, maxexponent, x, data, invsigma=None):
        self.maxexponent = maxexponent
        self.x = np.array (x, dtype=np.float, ndmin=1, copy=False, subok=True)
        self.set_data (data, invsigma)


    def solve (self):
        self.pnames = ['a%d' % i for i in xrange (self.maxexponent + 1)]
        # Based on my reading of the polyfit() docs, I think w=invsigma**2 is right...
        self.params = npoly.polyfit (self.x, self.data, self.maxexponent,
                                     w=self.invsigma**2)
        self.puncerts = None # does anything provide this? could farm out to lmmin ...
        self.covar = None
        self.mfunc = lambda x: npoly.polyval (x, self.params)
        self.mdata = self.mfunc (self.x)
        self.resids = self.data - self.mdata

        if self.x.size > self.maxexponent + 1:
            self.rchisq = (((self.resids * self.invsigma)**2).sum ()
                           / (self.x.size - (self.maxexponent + 1)))
        else:
            self.rchisq = None

        return self


[docs]    def as_nonlinear (self, params=None):
        """Return a `Model` equivalent to this object. The nonlinear solver is less
        efficient, but lets you freeze parameters, compute uncertainties, etc.

        If the `params` argument is provided, solve() will be called on the
        returned object with those parameters. If it is `None` and this object
        has parameters in `self.params`, those will be use. Otherwise, solve()
        will not be called on the returned object.

        """
        if params is None:
            params = self.params

        nlm = Model (None, self.data, self.invsigma)
        nlm.set_func (lambda p, x: npoly.polyval (x, p),
                      self.pnames,
                      args=(self.x,))

        if params is not None:
            nlm.solve (params)
        return nlm




[docs]class ScaleModel (_ModelBase):
    """Solve `data = m * x` for `m`."""

    def __init__ (self, x, data, invsigma=None):
        self.x = np.array (x, dtype=np.float, ndmin=1, copy=False, subok=True)
        self.set_data (data, invsigma)

    def solve (self):
        w2 = self.invsigma**2
        sxx = np.dot (self.x**2, w2)
        sxy = np.dot (self.x * self.data, w2)
        m = sxy / sxx
        uc_m = 1. / np.sqrt (sxx)

        self.pnames = ['m']
        self.params = np.asarray ([m])
        self.puncerts = np.asarray ([uc_m])
        self.covar = self.puncerts.reshape ((1, 1))
        self.mfunc = lambda x: m * x
        self.mdata = m * self.x
        self.resids = self.data - self.mdata
        self.rchisq = ((self.resids * self.invsigma)**2).sum () / (self.x.size - 1)
        return self


# lmmin-based model-fitting when the model is broken down into composable
# components.


class ModelComponent (object):
    npar = 0
    name = None
    pnames = ()
    nmodelargs = 0

    setguess = None
    setvalue = None
    setlimit = None
    _accum_mfunc = None

    def __init__ (self, name=None):
        self.name = name

    def _param_names (self):
        """Overridable in case the list of parameter names needs to be
        generated on the fly."""
        return self.pnames

    def finalize_setup (self):
        """If the component has subcomponents, this should set their `name`,
        `setguess`, `setvalue`, and `setlimit` properties. It should also
        set `npar` (on self) to the final value."""
        pass

    def prep_params (self):
        """This should make any necessary calls to `setvalue` or `setlimit`,
        though in straightforward cases it should just be up to the user to
        do this. If the component has subcomponents, their `prep_params`
        functions should be called."""
        pass

    def model (self, pars, mdata):
        """Modify `mdata` based on `pars`."""
        pass

    def deriv (self, pars, jac):
        """Compute the Jacobian. `jac[i]` is d`mdata`/d`pars[i]`."""
        pass

    def extract (self, pars, perr, cov):
        """Extract fit results into the object for ease of inspection."""
        self.covar = cov

    def _outputshape (self, *args):
        """This is a helper for evaluating the model function at fixed parameters. To
        work in the ComposedModel paradigm, we have to allocate an empty array
        to hold the model output before we can fill it via the _accum_mfunc
        functions. We can't do that without knowing what size it will be. That
        size has to be a function of the "free" parameters to the model
        function that are implicit/fixed during the fitting process. Given these "free"
        parameters, _outputshape returns the shape that the output will have."""
        raise NotImplementedError ()

    def mfunc (self, *args):
        if len (args) != self.nmodelargs:
            raise TypeError ('model function expected %d arguments, got %d' %
                             (self.nmodelargs, len (args)))

        result = np.zeros (self._outputshape (*args))
        self._accum_mfunc (result, *args)
        return result


class ComposedModel (_ModelBase):
    def __init__ (self, component, data, invsigma=None):
        if component is not None:
            self.set_component (component)
        if data is not None:
            self.set_data (data, invsigma)


    def _component_setguess (self, vals, ofs=0):
        vals = np.asarray (vals)
        if ofs < 0 or ofs + vals.size > self.component.npar:
            raise ValueError ('ofs %d, vals.size %d, npar %d' %
                              (ofs, vals.size, self.component.npar))
        self.force_guess[ofs:ofs+vals.size] = vals


    def _component_setvalue (self, cidx, val, fixed=False):
        if cidx < 0 or cidx >= self.component.npar:
            raise ValueError ('cidx %d, npar %d' % (cidx, self.component.npar))
        self.lm_prob.p_value (cidx, val, fixed=fixed)
        self.force_guess[cidx] = val


    def _component_setlimit (self, cidx, lower=-np.inf, upper=np.inf):
        if cidx < 0 or cidx >= self.component.npar:
            raise ValueError ('cidx %d, npar %d' % (cidx, self.component.npar))
        self.lm_prob.p_limit (cidx, lower, upper)


    def set_component (self, component):
        self.component = component

        component.setguess = self._component_setguess
        component.setvalue = self._component_setvalue
        component.setlimit = self._component_setlimit
        component.finalize_setup ()

        from .lmmin import Problem
        self.lm_prob = Problem (component.npar)
        self.force_guess = np.empty (component.npar)
        self.force_guess.fill (np.nan)
        self.pnames = list (component._param_names ())

        component.prep_params ()


    def solve (self, guess=None):
        if guess is None:
            guess = self.force_guess
        else:
            guess = np.array (guess, dtype=np.float, ndmin=1, copy=True)

            for i in xrange (self.force_guess.size):
                if np.isfinite (self.force_guess[i]):
                    guess[i] = self.force_guess[i]

        def model (pars, outputs):
            outputs.fill (0)
            self.component.model (pars, outputs)

        self.lm_model = model
        self.lm_deriv = self.component.deriv
        self.lm_prob.set_residual_func (self.data, self.invsigma, model,
                                        self.component.deriv)
        self.lm_soln = soln = self.lm_prob.solve (guess)

        self.params = soln.params
        self.puncerts = soln.perror
        self.covar = soln.covar

        # fvec = resids * invsigma = (data - mdata) * invsigma
        self.resids = self.lm_soln.fvec.reshape (self.data.shape) / self.invsigma
        self.mdata = self.data - self.resids

        if soln.ndof > 0:
            # lm_soln.fnorm can be unreliable ("max (fnorm, fnorm1)" branch)
            self.rchisq = (self.lm_soln.fvec**2).sum () / soln.ndof

        self.component.extract (soln.params, soln.perror, soln.covar)
        return self


    def mfunc (self, *args):
        return self.component.mfunc (*args)


    def debug_derivative (self, guess):
        """returns (explicit, auto)"""
        from .lmmin import check_derivative
        return check_derivative (self.component.npar, self.data.size,
                                 self.lm_model, self.lm_deriv, guess)


# Now specific components useful in the above framework. The general strategy
# is to err on the side of having additional parameters in the individual
# classes, and the user can call setvalue() to fix them if they're not needed.

class AddConstantComponent (ModelComponent):
    npar = 1
    pnames = ('value', )
    nmodelargs = 0

    def model (self, pars, mdata):
        mdata += pars[0]

    def deriv (self, pars, jac):
        jac[0] = 1.

    def _outputshape (self):
        return ()

    def extract (self, pars, perr, cov):
        def _accum_mfunc (res):
            res += pars[0]
        self._accum_mfunc = _accum_mfunc

        self.covar = cov
        self.f_value = pars[0]
        self.u_value = perr[0]


class AddValuesComponent (ModelComponent):
    """XXX terminology between this and AddConstant is mushy."""
    nmodelargs = 0

    def __init__ (self, nvals, name=None):
        super (AddValuesComponent, self).__init__ (name)
        self.npar = nvals

    def _param_names (self):
        for i in xrange (self.npar):
            yield 'v%d' % i

    def model (self, pars, mdata):
        mdata += pars

    def deriv (self, pars, jac):
        jac[:,:] = np.eye (self.npar)

    def _outputshape (self):
        return (self.npar,)

    def extract (self, pars, perr, cov):
        def _accum_mfunc (res):
            res += pars
        self._accum_mfunc = _accum_mfunc

        self.covar = cov
        self.f_vals = pars
        self.u_vals = perr


class AddPolynomialComponent (ModelComponent):
    nmodelargs = 1

    def __init__ (self, maxexponent, x, name=None):
        super (AddPolynomialComponent, self).__init__ (name)
        self.npar = maxexponent + 1
        self.x = np.array (x, dtype=np.float, ndmin=1, copy=False, subok=True)

    def _param_names (self):
        for i in xrange (self.npar):
            yield 'c%d' % i

    def model (self, pars, mdata):
        mdata += npoly.polyval (self.x, pars)

    def deriv (self, pars, jac):
        w = np.ones_like (self.x)

        for i in xrange (self.npar):
            jac[i] = w
            w *= self.x

    def _outputshape (self, x):
        return x.shape

    def extract (self, pars, perr, cov):
        def _accum_mfunc (res, x):
            res += npoly.polyval (x, pars)
        self._accum_mfunc = _accum_mfunc

        self.covar = cov
        self.f_coeffs = pars
        self.u_coeffs = perr


def _broadcast_shapes (s1, s2):
    """Given array shapes `s1` and `s2`, compute the shape of the array that would
    result from broadcasting them together."""

    n1 = len (s1)
    n2 = len (s2)
    n = max (n1, n2)
    res = [1] * n

    for i in xrange (n):
        if i >= n1:
            c1 = 1
        else:
            c1 = s1[n1-1-i]

        if i >= n2:
            c2 = 1
        else:
            c2 = s2[n2-1-i]

        if c1 == 1:
            rc = c2
        elif c2 == 1 or c1 == c2:
            rc = c1
        else:
            raise ValueError ('array shapes %r and %r are not compatible' % (s1, s2))

        res[n-1-i] = rc

    return tuple (res)


class SeriesComponent (ModelComponent):
    """Apply a set of subcomponents in series, isolating each from the other. This
    is only valid if every subcomponent except the first is additive --
    otherwise, the Jacobian won't be right."""

    def __init__ (self, components=(), name=None):
        super (SeriesComponent, self).__init__ (name)
        self.components = list (components)


    def add (self, component):
        """This helps, but direct manipulation of self.components should be
        supported."""
        self.components.append (component)
        return self


    def _param_names (self):
        for c in self.components:
            pfx = c.name + '.' if c.name is not None else ''
            for p in c._param_names ():
                yield pfx + p


    def _offset_setguess (self, ofs, npar, vals, subofs=0):
        vals = np.asarray (vals)
        if subofs < 0 or subofs + vals.size > npar:
            raise ValueError ('subofs %d, vals.size %d, npar %d' %
                              (subofs, vals.size, npar))
        return self.setguess (vals, ofs + subofs)


    def _offset_setvalue (self, ofs, npar, cidx, value, fixed=False):
        if cidx < 0 or cidx >= npar:
            raise ValueError ('cidx %d, npar %d' % (cidx, npar))
        return self.setvalue (ofs + cidx, value, fixed)


    def _offset_setlimit (self, ofs, npar, cidx, lower=-np.inf, upper=np.inf):
        if cidx < 0 or cidx >= npar:
            raise ValueError ('cidx %d, npar %d' % (cidx, npar))
        return self.setlimit (ofs + cidx, lower, upper)


    def finalize_setup (self):
        from functools import partial

        ofs = 0
        self.nmodelargs = 0

        for i, c in enumerate (self.components):
            if c.name is None:
                c.name = 'c%d' % i

            c.setguess = partial (self._offset_setguess, ofs, c.npar)
            c.setvalue = partial (self._offset_setvalue, ofs, c.npar)
            c.setlimit = partial (self._offset_setlimit, ofs, c.npar)
            c.finalize_setup ()
            ofs += c.npar
            self.nmodelargs += c.nmodelargs

        self.npar = ofs


    def prep_params (self):
        for c in self.components:
            c.prep_params ()


    def model (self, pars, mdata):
        ofs = 0

        for c in self.components:
            p = pars[ofs:ofs+c.npar]
            c.model (p, mdata)
            ofs += c.npar


    def deriv (self, pars, jac):
        ofs = 0

        for c in self.components:
            p = pars[ofs:ofs+c.npar]
            j = jac[ofs:ofs+c.npar]
            c.deriv (p, j)
            ofs += c.npar


    def extract (self, pars, perr, cov):
        ofs = 0

        for c in self.components:
            n = c.npar

            spar = pars[ofs:ofs+n]
            serr = perr[ofs:ofs+n]
            scov = cov[ofs:ofs+n,ofs:ofs+n]
            c.extract (spar, serr, scov)
            ofs += n


    def _outputshape (self, *args):
        s = ()
        ofs = 0

        for c in self.components:
            cargs = args[ofs:ofs+c.nmodelargs]
            s = _broadcast_shapes (s, c._outputshape (*cargs))
            ofs += c.nmodelargs

        return s


    def _accum_mfunc (self, res, *args):
        ofs = 0

        for c in self.components:
            cargs = args[ofs:ofs+c.nmodelargs]
            c._accum_mfunc (res, *cargs)
            ofs += c.nmodelargs


class MatMultComponent (ModelComponent):
    """Given a component yielding k**2 data points and k additional components,
    each yielding n data points. The result is [A]×[B], where A is the square
    matrix formed from the first component's output, and B is the (k, n)
    matrix of stacked output from the final k components.

    Parameters are ordered in same way as the components named above.
    """

    def __init__ (self, k, name=None):
        super (MatMultComponent, self).__init__ (name)
        self.k = k
        self.acomponent = None
        self.bcomponents = [None] * k


    def _param_names (self):
        pfx = self.acomponent.name + '.' if self.acomponent.name is not None else ''
        for p in self.acomponent._param_names ():
            yield pfx + p

        for c in self.bcomponents:
            pfx = c.name + '.' if c.name is not None else ''
            for p in c._param_names ():
                yield pfx + p


    def _offset_setguess (self, ofs, npar, vals, subofs=0):
        vals = np.asarray (vals)
        if subofs < 0 or subofs + vals.size > npar:
            raise ValueError ('subofs %d, vals.size %d, npar %d' %
                              (subofs, vals.size, npar))
        return self.setguess (vals, ofs + subofs)


    def _offset_setvalue (self, ofs, npar, cidx, value, fixed=False):
        if cidx < 0 or cidx >= npar:
            raise ValueError ('cidx %d, npar %d' % (cidx, npar))
        return self.setvalue (ofs + cidx, value, fixed)


    def _offset_setlimit (self, ofs, npar, cidx, lower=-np.inf, upper=np.inf):
        if cidx < 0 or cidx >= npar:
            raise ValueError ('cidx %d, npar %d' % (cidx, npar))
        return self.setlimit (ofs + cidx, lower, upper)


    def finalize_setup (self):
        from functools import partial

        c = self.acomponent

        if c.name is None:
            c.name = 'a'

        c.setguess = partial (self._offset_setguess, 0, c.npar)
        c.setvalue = partial (self._offset_setvalue, 0, c.npar)
        c.setlimit = partial (self._offset_setlimit, 0, c.npar)
        c.finalize_setup ()
        ofs = c.npar
        self.nmodelargs = c.nmodelargs

        for i, c in enumerate (self.bcomponents):
            if c.name is None:
                c.name = 'b%d' % i

            c.setguess = partial (self._offset_setguess, ofs, c.npar)
            c.setvalue = partial (self._offset_setvalue, ofs, c.npar)
            c.setlimit = partial (self._offset_setlimit, ofs, c.npar)
            c.finalize_setup ()
            ofs += c.npar
            self.nmodelargs += c.nmodelargs

        self.npar = ofs


    def prep_params (self):
        self.acomponent.prep_params ()

        for c in self.bcomponents:
            c.prep_params ()


    def _sep_model (self, pars, nd):
        k = self.k
        ma = np.zeros ((k, k))
        mb = np.zeros ((k, nd))

        c = self.acomponent
        c.model (pars[:c.npar], ma.reshape (k**2))

        pofs = c.npar

        for i, c in enumerate (self.bcomponents):
            p = pars[pofs:pofs+c.npar]
            c.model (p, mb[i])
            pofs += c.npar

        return ma, mb


    def model (self, pars, mdata):
        k = self.k
        nd = mdata.size // k
        ma, mb = self._sep_model (pars, nd)
        np.dot (ma, mb, mdata.reshape ((k, nd)))


    def deriv (self, pars, jac):
        k = self.k
        nd = jac.shape[1] // k
        npar = self.npar

        ma, mb = self._sep_model (pars, nd)
        ja = np.zeros ((npar, k, k))
        jb = np.zeros ((npar, k, nd))

        c = self.acomponent
        c.deriv (pars[:c.npar], ja[:c.npar].reshape ((c.npar, k**2)))
        pofs = c.npar

        for i, c in enumerate (self.bcomponents):
            p = pars[pofs:pofs+c.npar]
            c.deriv (p, jb[pofs:pofs+c.npar,i,:])
            pofs += c.npar

        for i in xrange (self.npar):
            jac[i] = (np.dot (ja[i], mb) + np.dot (ma, jb[i])).reshape (k * nd)


    def extract (self, pars, perr, cov):
        c = self.acomponent
        c.extract (pars[:c.npar], perr[:c.npar], cov[:c.npar,:c.npar])
        ofs = c.npar

        for c in self.bcomponents:
            n = c.npar

            spar = pars[ofs:ofs+n]
            serr = perr[ofs:ofs+n]
            scov = cov[ofs:ofs+n,ofs:ofs+n]
            c.extract (spar, serr, scov)
            ofs += n


    def _outputshape (self, *args):
        aofs = self.acomponent.nmodelargs
        sb = ()

        for c in self.bcomponents:
            a = args[aofs:aofs+c.nmodelargs]
            sb = _broadcast_shapes (sb, c._outputshape (*a))
            aofs += c.nmodelargs

        return (self.k,) + sb


    def _accum_mfunc (self, res, *args):
        k = self.k
        nd = res.shape[1]

        ma = np.zeros ((k, k))
        mb = np.zeros ((k, nd))

        c = self.acomponent
        c._accum_mfunc (ma.reshape (k**2), *(args[:c.nmodelargs]))
        aofs = c.nmodelargs

        for i, c in enumerate (self.bcomponents):
            a = args[aofs:aofs+c.nmodelargs]
            c._accum_mfunc (mb[i], *a)
            aofs += c.nmodelargs

        np.dot (ma, mb, res)


class ScaleComponent (ModelComponent):
    npar = 1

    def __init__ (self, subcomp=None, name=None):
        super (ScaleComponent, self).__init__ (name)
        self.setsubcomp (subcomp)


    def setsubcomp (self, subcomp):
        self.subcomp = subcomp
        return self


    def _param_names (self):
        yield 'factor'

        pfx = self.subcomp.name + '.' if self.subcomp.name is not None else ''
        for p in self.subcomp._param_names ():
            yield pfx + p


    def _sub_setguess (self, npar, cidx, vals, ofs=0):
        vals = np.asarray (vals)
        if ofs < 0 or ofs + vals.size > npar:
            raise ValueError ('ofs %d, vals.size %d, npar %d' %
                              (ofs, vals.size, npar))
        return self.setguess (vals, ofs + 1)


    def _sub_setvalue (self, npar, cidx, value, fixed=False):
        if cidx < 0 or cidx >= npar:
            raise ValueError ('cidx %d, npar %d' % (cidx, npar))
        return self.setvalue (1 + cidx, value, fixed)


    def _sub_setlimit (self, npar, cidx, lower=-np.inf, upper=np.inf):
        if cidx < 0 or cidx >= npar:
            raise ValueError ('cidx %d, npar %d' % (cidx, npar))
        return self.setlimit (1 + cidx, lower, upper)


    def finalize_setup (self):
        if self.subcomp.name is None:
            self.subcomp.name = 'c'

        from functools import partial
        self.subcomp.setvalue = partial (self._sub_setvalue, self.subcomp.npar)
        self.subcomp.setlimit = partial (self._sub_setvalue, self.subcomp.npar)
        self.subcomp.finalize_setup ()

        self.npar = self.subcomp.npar + 1
        self.nmodelargs = self.subcomp.nmodelargs


    def prep_params (self):
        self.subcomp.prep_params ()


    def model (self, pars, mdata):
        self.subcomp.model (pars[1:], mdata)
        mdata *= pars[0]


    def deriv (self, pars, jac):
        self.subcomp.model (pars[1:], jac[0])
        self.subcomp.deriv (pars[1:], jac[1:])
        jac[1:] *= pars[0]


    def extract (self, pars, perr, cov):
        self.f_factor = pars[0]
        self.u_factor = perr[0]
        self.c_factor = cov[0]

        self.subcomp.extract (pars[1:], perr[1:], cov[1:,1:])


    def _outputshape (self, *args):
        return self.subcomp._outputshape (*args)


    def _accum_mfunc (self, res, *args):
        self.subcomp._accum_mfunc (res, *args)
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  Source code for pwkit.kwargv

# -*- mode: python; coding: utf-8 -*-
# Copyright 2012-2015 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""The :mod:`pwkit.kwargv` module provides a framework for parsing
keyword-style arguments to command-line programs. It’s designed so that you
can easily make a routine with complex, structured configuration parameters
that can also be driven from the command line.

Keywords are defined by declaring a subclass of the
:class:`ParseKeywords` class with fields corresponding to the
support keywords::

  from pwkit.kwargv import ParseKeywords, Custom

  class MyConfig (ParseKeywords):
      foo = 1
      bar = str
      multi = [int]
      extra = Custom (float, required=True)

      @Custom (str)
      def declination (value):
          from pwkit.astutil import parsedeglat
          return parsedeglat (value)

Instantiating the subclass fills in all defaults. Calling the
:meth:`ParseKeywords.parse` method parses a list of strings (defaulting to
``sys.argv[1:]``) and updates the instance’s properties. This framework is
designed so that you can provide complex configuration to an algorithm either
programmatically, or on the command line. A typical use would be::

  from pwkit.kwargv import ParseKeywords, Custom

  class MyConfig (ParseKeywords):
      niter = 1
      input = str
      scales = [int]
      # ...

  def my_complex_algorithm (cfg):
     from pwkit.io import Path
     data = Path (cfg.input).read_fits ()

     for i in xrange (cfg.niter):
         # ....

  def call_algorithm_in_code ():
      cfg = MyConfig ()
      cfg.input = 'testfile.fits'
      # ...
      my_complex_algorithm (cfg)

  if __name__ == '__main__':
      cfg = MyConfig ().parse ()
      my_complex_algorithm (cfg)

You could then execute the module as a program and specify arguments in the
form ``./program niter=5 input=otherfile.fits``.


Keyword Specification Format
----------------------------

Arguments are specified in the following ways:

- ``foo = 1`` defines a keyword with a default value, type inferred as
  ``int``. Likewise for ``str``, ``bool``, ``float``.

- ``bar = str`` defines an string keyword with default value of None.
  Likewise for ``int``, ``bool``, ``float``.

- ``multi = [int]`` parses as a list of integers of any length, defaulting to
  the empty list ``[]`` (I call these "flexible" lists.). List items are
  separated by commas on the command line.

- ``other = [3.0, int]`` parses as a 2-element list, defaulting to ``[3.0,
  None]``. If one value is given, the first array item is parsed, and the
  second is left as its default. (I call these "fixed" lists.)

- ``extra = Custom(float, required=True)`` parses like ``float`` and then
  customizes keyword properties. Supported properties are the attributes of
  the :class:`KeywordInfo` class.

- Use :class:`Custom` as a decorator (``@Custom``) on a function ``foo``
  defines a keyword ``foo`` that’s parsed according to the :class:`Custom`
  specification, then has its value fixed up by calling the ``foo()`` function
  after the basic parsing. That is, the final value is ``foo
  (intermediate_value)``. A common pattern is to use a fixup function for a
  fixed list where the first few values are mandatory (see
  :attr:`KeywordInfo.minvals` below) but later values can be guessed or
  defaulted.

See the :class:`KeywordInfo` documentation for specification of additional
keyword properties that may be specified. The ``Custom`` name is simply an
alias for :class:`KeywordInfo`.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'Custom KwargvError ParseError KeywordInfo ParseKeywords basic').split ()

from . import Holder, PKError, text_type


[docs]class KwargvError (PKError):
    """Raised when invalid arguments have been provided."""



[docs]class ParseError (KwargvError):
    """Raised when the structure of the arguments appears legitimate, but a
    particular value cannot be parsed into its expected type.

    """



[docs]def basic (args=None):
    """Parse the string list *args* as a set of keyword arguments in a very
    simple-minded way, splitting on equals signs. Returns a
    :class:`pwkit.Holder` instance with attributes set to strings. The form
    ``+foo`` is mapped to setting ``foo = True`` on the :class:`pwkit.Holder`
    instance. If *args* is ``None``, ``sys.argv[1:]`` is used. Raises
    :exc:`KwargvError` on invalid arguments (i.e., ones without an equals sign
    or a leading plus sign).

    """
    if args is None:
        import sys
        args = sys.argv[1:]

    parsed = Holder ()

    for arg in args:
        if arg[0] == '+':
            for kw in arg[1:].split (','):
                parsed.set_one (kw, True)
            # avoid analogous -a,b,c syntax because it gets confused with -a --help, etc.
        else:
            t = arg.split ('=', 1)
            if len (t) < 2:
                raise KwargvError ('don\'t know what to do with argument "%s"', arg)
            if not len (t[1]):
                raise KwargvError ('empty value for keyword argument "%s"', t[0])
            parsed.set_one (t[0], t[1])

    return parsed


# The fancy, full-featured system.


[docs]class KeywordInfo (object):
    """Properties that a keyword argument may have.

    """
    parser = None
    """A callable used to convert the argument text to a Python value.
    This attribute is assigned automatically upon setup."""

    default = None
    """The default value for the keyword if it’s left unspecified."""

    required = False
    """Whether an error should be raised if the keyword is not seen while
    parsing."""

    sep = ','
    """The textual separator between items for list-valued keywords."""

    maxvals = None
    """The maximum number of values allowed. This only applies for flexible lists;
    fixed lists have predetermined sizes.

    """
    minvals = 0 # note: maxvals and minvals are used in different ways
    """The minimum number of values allowed in a flexible list, *if the keyword is
    specified at all*. If you want ``minvals = 1``, use ``required = True``.

    """
    scale = None
    """If not ``None``, multiply numeric values by this number after parsing."""

    repeatable = False
    """If true, the keyword value(s) will always be contained in a list. If they
    keyword is specified multiple times (i.e. ``./program kw=1 kw=2``), the
    list will have multiple items (``cfg.kw = [1, 2]``). If the keyword is
    list-valued, using this will result in a list of lists.

    """
    printexc = False
    """Print the exception as normal if there’s an exception when parsing the
    keyword value. Otherwise there’s just a message along the lines of “cannot
    parse value <val> for keyword <kw>”.

    """
    fixupfunc = None
    """If not ``None``, the final value of the keyword is set to the return value
    of ``fixupfunc(intermediate_value)``.

    """
    _attrname = None

    # This isn't used on Keyword*Info* instances, but adding a dummy here makes
    # the docs much saner:
    uiname = None
    """The name of the keyword as parsed from the command-line. For instance,
    ``some_value = Custom (int, uiname="some-value")`` will result in a
    keyword that the user sets by calling ``./program some-value=3``. This
    provides a mechanism to support keyword names that are not legal Python
    identifiers.

    """



class KeywordOptions (Holder):
    uiname = None
    subval = None

    def __init__ (self, subval, **kwargs):
        self.set (**kwargs)
        self.subval = subval

    def __call__ (self, fixupfunc):
        # Slightly black magic. Grayish magic. This lets us be used as
        # a decorator on "fixup" functions to modify or range-check
        # the parsed argument value.
        self.fixupfunc = fixupfunc
        return self


Custom = KeywordOptions # sugar for users


def _parse_bool (s):
    s = s.lower ()

    if s in 'y yes t true on 1'.split ():
        return True
    if s in 'n no f false off 0'.split ():
        return False
    raise ParseError ('don\'t know how to interpret "%s" as a boolean' % s)


def _val_to_parser (v):
    if isinstance (v, bool):
        return _parse_bool
    if isinstance (v, (int, float, text_type)):
        return v.__class__
    raise ValueError ('can\'t figure out how to parse %r' % v)


def _val_or_func_to_parser (v):
    if v is bool:
        return _parse_bool
    if callable (v):
        return v
    return _val_to_parser (v)


def _val_or_func_to_default (v):
    if callable (v):
        return None
    if isinstance (v, (int, float, bool, text_type)):
        return v
    raise ValueError

    ('can\'t figure out a default for %r' % v)


def _handle_flex_list (ki, ks):
    assert len (ks) == 1
    elemparser = ks[0]
    # I don't think 'foo = [0]' will be useful ...
    assert callable (elemparser)

    def flexlistparse (val):
        return [elemparser (i) for i in val.split (ki.sep)]

    return flexlistparse, []


def _handle_fixed_list (ki, ks):
    parsers = [_val_or_func_to_parser (sks) for sks in ks]
    defaults = [_val_or_func_to_default (sks) for sks in ks]
    ntot = len (parsers)

    def fixlistparse (val):
        items = val.split (ki.sep)
        ngot = len (items)

        if ngot < ki.minvals:
            if ki.minvals == ntot:
                raise ParseError ('expected exactly %d values, but only got %d',
                                  ntot, ngot)
            raise ParseError ('expected between %d and %d values, but only got %d',
                              ki.minvals, ntot, ngot)
        if ngot > ntot:
            raise ParseError ('expected between %d and %d values, but got %d',
                              ki.minvals, ntot, ngot)

        result = list (defaults) # make a copy
        for i in xrange (ngot):
            result[i] = parsers[i] (items[i])
        return result

    return fixlistparse, list (defaults) # make a copy


[docs]class ParseKeywords (Holder):
    """The template class for defining your keyword arguments. A subclass of
    :class:`pwkit.Holder`. Declare attributes in a subclass following the
    scheme described above, then call the :meth:`ParseKeywords.parse` method.

    """
    def __init__ (self):
        kwspecs = self.__class__.__dict__
        kwinfos = {}

        # Process our keywords, as specified by the class attributes, into a
        # form more friendly for parsing, and check for things we don't
        # understand. 'kw' is the keyword name exposed to the user; 'attrname'
        # is the name of the attribute to set on the resulting object.

        for kw, ks in kwspecs.iteritems ():
            if kw[0] == '_':
                continue

            ki = KeywordInfo ()
            ko = None
            attrname = kw

            if isinstance (ks, KeywordOptions):
                ko = ks
                ks = ko.subval

                if ko.uiname is not None:
                    kw = ko.uiname

            if callable (ks):
                # expected to be a type (int, float, ...).
                # This branch would get taken for methods, too,
                # which sorta makes sense?
                parser = _val_or_func_to_parser (ks)
                default = _val_or_func_to_default (ks)
            elif isinstance (ks, list) and len (ks) == 1:
                parser, default = _handle_flex_list (ki, ks)
            elif isinstance (ks, list) and len (ks) > 1:
                parser, default = _handle_fixed_list (ki, ks)
            else:
                parser = _val_to_parser (ks)
                default = _val_or_func_to_default (ks)

            ki._attrname = attrname
            ki.parser = parser
            ki.default = default

            if ko is not None: # override with user-specified options
                ki.__dict__.update (ko.__dict__)

            if ki.required:
                # makes sense, and prevents trying to call fixupfunc on
                # weird default values of fixed lists.
                ki.default = None
            elif ki.repeatable:
                ki.default = []
            elif ki.fixupfunc is not None and ki.default is not None:
                # kinda gross structure here, oh well.
                ki.default = ki.fixupfunc (ki.default)

            kwinfos[kw] = ki

        # Apply defaults, save parse info, done

        for kw, ki in kwinfos.iteritems ():
            self.set_one (ki._attrname, ki.default)

        self._kwinfos = kwinfos


[docs]    def parse (self, args=None):
        """Parse textual keywords as described by this class’s attributes, and update
        this instance’s attributes with the parsed values. *args* is a list of
        strings; if ``None``, it defaults to ``sys.argv[1:]``. Returns *self*
        for convenience. Raises :exc:`KwargvError` if invalid keywords are
        encountered.

        See also :meth:`ParseKeywords.parse_or_die`.

        """
        if args is None:
            import sys
            args = sys.argv[1:]

        seen = set ()

        for arg in args:
            t = arg.split ('=', 1)
            if len (t) < 2:
                raise KwargvError ('don\'t know what to do with argument "%s"', arg)

            kw, val = t
            ki = self._kwinfos.get (kw)

            if ki is None:
                raise KwargvError ('unrecognized keyword argument "%s"', kw)

            if not len (val):
                raise KwargvError ('empty value for keyword argument "%s"', kw)

            try:
                pval = ki.parser (val)
            except ParseError as e :
                raise KwargvError ('cannot parse value "%s" for keyword '
                                   'argument "%s": %s', val, kw, e)
            except Exception as e:
                if ki.printexc:
                    raise KwargvError ('cannot parse value "%s" for keyword '
                                       'argument "%s": %s', val, kw, e)
                raise KwargvError ('cannot parse value "%s" for keyword '
                                   'argument "%s"', val, kw)

            if ki.maxvals is not None and len (pval) > ki.maxvals:
                raise KwargvError ('keyword argument "%s" may have at most %d'
                                   ' values, but got %s ("%s")', kw,
                                   ki.maxvals, len (pval), val)

            if ki.scale is not None:
                pval = pval * ki.scale

            if ki.fixupfunc is not None:
                pval = ki.fixupfunc (pval)

            if ki.repeatable:
                # We can't just unilaterally append to the preexisting
                # list, since if we did that starting with the default value
                # we'd mutate the default list.
                cur = self.get (ki._attrname)
                if not len (cur):
                    pval = [pval]
                else:
                    cur.append (pval)
                    pval = cur

            seen.add (kw)
            self.set_one (ki._attrname, pval)

        for kw, ki in self._kwinfos.iteritems ():
            if ki.required and kw not in seen:
                raise KwargvError ('required keyword argument "%s" was not '
                                   'provided', kw)

        return self # convenience



[docs]    def parse_or_die (self, args=None):
        """Like :meth:`ParseKeywords.parse`, but calls :func:`pkwit.cli.die` if a
        :exc:`KwargvError` is raised, printing the exception text. Returns
        *self* for convenience.

        """
        from .cli import die

        try:
            return self.parse (args)
        except KwargvError as e:
            die (e)




if __name__ == '__main__':
    print (basic ())
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# -*- mode: python; coding: utf-8 -*-
# Copyright 2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.phoenix - Working with Phoenix atmospheric models.

Functions:

- load_spectrum - Load a model spectrum into a Pandas DataFrame.

Requires Pandas.

Individual data files for the BT-Settl models are about 120 MB, and there are
a million variations, so we do not consider bundling them with pwkit.
Therefore, we can safely expect that the model will be accessible as a path on
the filesystem.

Current BT-Settl models may be downloaded from a SPECTRA directory within `the
BT-Settl download site <http://phoenix.ens-lyon.fr/Grids/BT-Settl/>`_ (see the
README). E.g.::

  http://phoenix.ens-lyon.fr/Grids/BT-Settl/CIFIST2011bc/SPECTRA/

File names are generally::

  lte{Teff/100}-{Logg}{[M/H]}a[alpha/H].GRIDNAME.spec.7.[gz|bz2|xz]

The first three columns are wavelength in Å, log10(F_λ), and log10(B_λ), where
the latter is the blackbody flux for the given Teff. The fluxes can nominally
be converted into absolute units with an offset of 8 in log space, but I doubt
that can be trusted much. Subsequent columns are related to various spectral
lines. See http://phoenix.ens-lyon.fr/Grids/FORMAT .

The files do not come sorted!

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'load_spectrum').split ()

import numpy as np, pandas as pd


[docs]def load_spectrum (path, smoothing=181):
    """Load a Phoenix model atmosphere spectrum.

    path : string
      The file path to load.
    smoothing : integer
      Smoothing to apply. If None, do not smooth. If an integer, smooth with a
      Hamming window. Otherwise, the variable is assumed to be a different
      smoothing window, and the data will be convolved with it.

    Returns a Pandas DataFrame containing the columns:

    wlen
      Sample wavelength in Angstrom.
    flam
      Flux density in erg/cm²/s/Å. See `pwkit.synphot` for related tools.

    Loading takes about 5 seconds on my current laptop. Un-smoothed spectra
    have about 630,000 samples.

    """
    ang, lflam = np.loadtxt (path, usecols=(0,1)).T

    # Data files do not come sorted!
    z = ang.argsort ()
    ang = ang[z]
    flam = 10**lflam[z]
    del z

    if smoothing is not None:
        if isinstance (smoothing, int):
            smoothing = np.hamming (smoothing)
        else:
            smoothing = np.asarray (smoothing)

        wnorm = np.convolve (np.ones_like (smoothing), smoothing, mode='valid')
        smoothing = smoothing / wnorm # do not alter original array.
        smooth = lambda a: np.convolve (a, smoothing, mode='valid')[::smoothing.size]
        ang = smooth (ang)
        flam = smooth (flam)

    return pd.DataFrame ({'wlen': ang, 'flam': flam})
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  Source code for pwkit.inifile

# -*- mode: python; coding: utf-8 -*-
# Copyright 2012-2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""A simple parser for ini-style files that's better than Python's
ConfigParser/configparser.

Functions:

read
  Generate a stream of `pwkit.Holder` instances from an ini-format file.
mutate
  Rewrite an ini file chunk by chunk.
write
  Write a stream of `pwkit.Holder` instances to an ini-format file.
mutate_stream
  Lower-level version; only operates on streams, not path names.
read_stream
  Lower-level version; only operates on streams, not path names.
write_stream
  Lower-level version; only operates on streams, not path names.
mutate_in_place
  Rewrite an ini file specififed by its path name, in place.

"""

from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'FileChunk InifileError mutate_in_place mutate_stream '
           b'mutate read_stream read write_stream write').split ()

import io, os, re
from . import Holder, PKError

sectionre = re.compile (r'^\[(.*)]\s*$')
keyre = re.compile (r'^(\S+)\s*=(.*)$') # leading space chomped later
escre = re.compile (r'^(\S+)\s*=\s*"(.*)"\s*$')


class InifileError (PKError):
    pass


[docs]def read_stream (stream):
    """Python 3 compat note: we're assuming `stream` gives bytes not unicode."""

    section = None
    key = None
    data = None

    for fullline in stream:
        line = fullline.split ('#', 1)[0]

        m = sectionre.match (line)
        if m is not None:
            # New section
            if section is not None:
                if key is not None:
                    section.set_one (key, data.strip ().decode ('utf8'))
                    key = data = None
                yield section

            section = Holder ()
            section.section = m.group (1)
            continue

        if len (line.strip ()) == 0:
            if key is not None:
                section.set_one (key, data.strip ().decode ('utf8'))
                key = data = None
            continue

        m = escre.match (fullline)
        if m is not None:
            if section is None:
                raise InifileError ('key seen without section!')
            if key is not None:
                section.set_one (key, data.strip ().decode ('utf8'))
            key = m.group (1)
            data = m.group (2).replace (r'\"', '"').replace (r'\n', '\n').replace (r'\\', '\\')
            section.set_one (key, data.decode ('utf8'))
            key = data = None
            continue

        m = keyre.match (line)
        if m is not None:
            if section is None:
                raise InifileError ('key seen without section!')
            if key is not None:
                section.set_one (key, data.strip ().decode ('utf8'))
            key = m.group (1)
            data = m.group (2)
            if not len (data):
                data = ' '
            elif not data[-1].isspace ():
                data += ' '
            continue

        if line[0].isspace () and key is not None:
            data += line.strip () + ' '
            continue

        raise InifileError ('unparsable line: ' + line[:-1])

    if section is not None:
        if key is not None:
            section.set_one (key, data.strip ().decode ('utf8'))
        yield section



def read (stream_or_path):
    if isinstance (stream_or_path, basestring):
        return read_stream (io.open (stream_or_path, 'rt'))
    return read_stream (stream_or_path)


# Writing

[docs]def write_stream (stream, holders, defaultsection=None):
    """Very simple writing in ini format. The simple stringification of each value
    in each Holder is printed, and no escaping is performed. (This is most
    relevant for multiline values or ones containing pound signs.) `None` values are
    skipped.

    Arguments:

    stream
      A text stream to write to.
    holders
      An iterable of objects to write. Their fields will be
      written as sections.
    defaultsection=None
      Section name to use if a holder doesn't contain a
      `section` field.

    """
    anybefore = False

    for h in holders:
        if anybefore:
            print ('', file=stream)

        s = h.get ('section', defaultsection)
        if s is None:
            raise ValueError ('cannot determine section name for item <%s>' % h)
        print ('[%s]' % s, file=stream)

        for k in sorted (x for x in h.__dict__.iterkeys () if x != 'section'):
            v = h.get (k)
            if v is None:
                continue

            print ('%s = %s' % (k, v), file=stream)

        anybefore = True



[docs]def write (stream_or_path, holders, **kwargs):
    """Very simple writing in ini format. The simple stringification of each value
    in each Holder is printed, and no escaping is performed. (This is most
    relevant for multiline values or ones containing pound signs.) `None` values are
    skipped.

    Arguments:

    stream
      A text stream to write to.
    holders
      An iterable of objects to write. Their fields will be
      written as sections.
    defaultsection=None
      Section name to use if a holder doesn't contain a
      `section` field.

    """
    if isinstance (stream_or_path, basestring):
        return write_stream (io.open (stream_or_path, 'wt'), holders, **kwargs)
    else:
        return write_stream (stream_or_path, holders, **kwargs)


# Parsing plus inline modification, preserving the file as much as possible.
#
# I'm pretty sure that this code gets the corner cases right, but it hasn't
# been thoroughly tested, and it's a little hairy ...


class FileChunk (object):
    def __init__ (self):
        self.data = Holder ()
        self._lines = []


    def _addLine (self, line, assoc):
        self._lines.append ((assoc, line))


    def set (self, name, value):
        newline = ((u'%s = %s' % (name, value)) + os.linesep).encode ('utf8')
        first = True

        for i in xrange (len (self._lines)):
            assoc, line = self._lines[i]

            if assoc != name:
                continue

            if first:
                self._lines[i] = (assoc, newline)
                first = False
            else:
                # delete the line
                self._lines[i] = (None, None)

        if first:
            # Need to append the line to the last block
            for i in xrange (len (self._lines) - 1, -1, -1):
                if self._lines[i][0] is not None:
                    break

            self._lines.insert (i + 1, (name, newline))


    def emit (self, stream):
        for assoc, line in self._lines:
            if line is None:
                continue
            stream.write (line)


[docs]def mutate_stream (instream, outstream):
    """Python 3 compat note: we're assuming `stream` gives bytes not unicode."""

    chunk = None
    key = None
    data = None
    misclines = []

    for fullline in instream:
        line = fullline.split ('#', 1)[0]

        m = sectionre.match (line)
        if m is not None:
            # New chunk
            if chunk is not None:
                if key is not None:
                    chunk.data.set_one (key, data.strip ().decode ('utf8'))
                    key = data = None
                yield chunk
                chunk.emit (outstream)

            chunk = FileChunk ()
            for miscline in misclines:
                chunk._addLine (miscline, None)
            misclines = []
            chunk.data.section = m.group (1)
            chunk._addLine (fullline, None)
            continue

        if len (line.strip ()) == 0:
            if key is not None:
                chunk.data.set_one (key, data.strip ().decode ('utf8'))
                key = data = None
            if chunk is not None:
                chunk._addLine (fullline, None)
            else:
                misclines.append (fullline)
            continue

        m = escre.match (fullline)
        if m is not None:
            if chunk is None:
                raise InifileError ('key seen without section!')
            if key is not None:
                chunk.data.set_one (key, data.strip ().decode ('utf8'))
            key = m.group (1)
            data = m.group (2).replace (r'\"', '"').replace (r'\n', '\n').replace (r'\\', '\\')
            chunk.data.set_one (key, data.decode ('utf8'))
            chunk._addLine (fullline, key)
            key = data = None
            continue

        m = keyre.match (line)
        if m is not None:
            if chunk is None:
                raise InifileError ('key seen without section!')
            if key is not None:
                chunk.data.set_one (key, data.strip ().decode ('utf8'))
            key = m.group (1)
            data = m.group (2)
            if not data[-1].isspace ():
                data += ' '
            chunk._addLine (fullline, key)
            continue

        if line[0].isspace () and key is not None:
            data += line.strip () + ' '
            chunk._addLine (fullline, key)
            continue

        raise InifileError ('unparsable line: ' + line[:-1])

    if chunk is not None:
        if key is not None:
            chunk.data.set_one (key, data.strip ().decode ('utf8'))
        yield chunk
        chunk.emit (outstream)



def mutate (instream_or_path, outstream_or_path, outmode='wb'):
    if isinstance (instream_or_path, basestring):
        instream_or_path = io.open (instream_or_path, 'rb')

    if isinstance (outstream_or_path, basestring):
        outstream_or_path = io.open (outstream_or_path, outmode)

    return mutate_stream (instream_or_path, outstream_or_path)


def mutate_in_place (inpath):
    from sys import exc_info
    from os import rename, unlink

    tmppath = inpath + '.new'

    with io.open (inpath, 'rb') as instream:
        try:
            with io.open (tmppath, 'wb') as outstream:
                for item in mutate_stream (instream, outstream):
                    yield item
                rename (tmppath, inpath)
        except:
            et, ev, etb = exc_info ()
            try:
                os.unlink (tmppath)
            except Exception:
                pass
            raise et, ev, etb
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  Source code for pwkit.simpleenum

# -*- mode: python; coding: utf-8 -*-
# Copyright 2014-2015 Peter Williams and collaborators
# Licensed under the MIT License.

"""The :mod:`pwkit.simpleenum` module contains a single decorator function for
creating “enumerations”, by which we mean a group of named, un-modifiable
values. For example::

  from pwkit.simpleenum import enumeration

  @enumeration
  class Constants (object):
    period_days = 2.771
    period_hours = period_days * 24
    n_iters = 300
    # etc

  def myfunction ():
    print ('the period is', Constants.period_hours, 'hours')

The ``class`` declaration syntax is handy here because it lets you define new
values in relation to old values. In the above example, you cannot change any
of the properties of ``Constants`` once it is constructed.

.. important:: If you populate an enumeration with a mutable data type,
   however, we’re unable to prevent you from modifying it. For instance, if
   you do this::

     @enumeration
     class Dangerous (object):
       mutable = [1, 2]
       immutable = (1, 2)

   You can then do something like write ``Dangerous.mutable.append (3)`` and
   modify the value stored in the enumeration. If you’re concerned about this,
   make sure to populate the enumeration with immutable classes such as
   :class:`tuple`, :class:`frozenset`, :class:`int`, and so on.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = [b'enumeration']


[docs]def enumeration (cls):
    """A very simple decorator for creating enumerations. Unlike Python 3.4
    enumerations, this just gives a way to use a class declaration to create
    an immutable object containing only the values specified in the class.

    If the attribute ``__pickle_compat__`` is set to True in the decorated
    class, the resulting enumeration value will be callable such that
    ``EnumClass(x) = x``. This is needed to unpickle enumeration values that
    were previously implemented using :class:`enum.Enum`.

    """
    from pwkit import unicode_to_str
    name = cls.__name__
    pickle_compat = getattr (cls, '__pickle_compat__', False)

    def __unicode__ (self):
        return '<enumeration holder %s>' % name

    def getattr_error (self, attr):
        raise AttributeError ('enumeration %s does not contain attribute %s' % (name, attr))

    def modattr_error (self, *args, **kwargs):
        raise AttributeError ('modification of %s enumeration not allowed' % name)

    clsdict = {
        '__doc__': cls.__doc__,
        '__slots__': (),
        '__unicode__': __unicode__,
        '__str__': unicode_to_str,
        '__repr__': unicode_to_str,
        '__getattr__': getattr_error,
        '__setattr__': modattr_error,
        '__delattr__': modattr_error,
        }

    for key in dir (cls):
        if not key.startswith ('_'):
            clsdict[key] = getattr (cls, key)

    if pickle_compat:
        clsdict['__call__'] = lambda self, x: x

    enumcls = type (name, (object, ), clsdict)
    return enumcls ()
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  Source code for pwkit.environments

# -*- mode: python; coding: utf-8 -*-
# Copyright 2015 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.environments - working with external software environments

Classes:

  Environment - base class for launching programs in an external environment.

Submodules:

  heasoft - HEAsoft
  sas     - SAS

Functions:

  prepend_environ_path - Prepend into a $PATH in an environment dict.
  prepend_path         - Prepend text into a $PATH-like environment variable.
  user_data_path       - Generate paths for storing miscellaneous user data.

Standard usage is to create an `Environment` instance, then use its
`launch(argv, ...)` method to run programs in the specified environment.
`launch()` returns a `subprocess.Popen` instance that can be used in the
standard ways.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

"""For reference: the Python docs state that Python automatically decodes
Unicode environment variables as UTF-8 on non-Windows, so we don't need to be
crazy about bytes-ifying values.

"""
__all__ = (b'Environment prepend_environ_path prepend_path user_data_path').split ()

import os, subprocess, sys

from .. import cli
from ..cli import multitool


class Environment (object):
    def modify_environment (self, environ):
        """Modify the passed-in dictionary of environment variables to be suitable for
        executing programs in this software environment. Make sure to copy
        os.environ() if you don't want to modify it for the current process.

        """
        raise NotImplementedError ()


    def _preexec (self, env, **kwargs):
        pass


    def launch (self, argv, stdin=None, stdout=None, stderr=None,
                close_fds=False, env=None, shell=False, cwd=None,
                preexec_fn=None, **kwargs):
        if env is None:
            env = os.environ

        env = self.modify_environment (env.copy ())
        self._preexec (env, **kwargs)
        return subprocess.Popen (argv, stdin=stdin, stdout=stdout,
                                 stderr=stderr, close_fds=close_fds,
                                 env=env, shell=shell, cwd=cwd,
                                 preexec_fn=preexec_fn)

    def execvpe (self, argv, env=None, **kwargs):
        if env is None:
            env = os.environ

        env = self.modify_environment (env.copy ())
        self._preexec (env, **kwargs)
        # unlike subprocess.Popen, execvpe doesn't use the new path to find
        # the program. But we're about to replace ourselves with the new
        # program, so no worries about mutating os.environ. If the exec fails
        # the mutation will remain, though.
        os.environ[b'PATH'] = env['PATH']
        os.execvpe (argv[0], argv, env)


[docs]def prepend_path (orig, text, pathsep=os.pathsep):
    """Returns a $PATH-like environment variable with `text` prepended. `orig` is
    the original variable value, or None. `pathsep` is the character
    separating path elements, defaulting to `os.pathsep`.

    Example:

    newpath = cli.prepend_path (oldpath, '/mypackage/bin')

    See also `prepend_environ_path`.

    """
    if orig is None:
        orig = ''
    if not len (orig):
        return text
    return ''.join ([text, pathsep, orig])



[docs]def prepend_environ_path (env, name, text, pathsep=os.pathsep):
    """Prepend `text` into a $PATH-like environment variable. `env` is a
    dictionary of environment variables and `name` is the variable name.
    `pathsep` is the character separating path elements, defaulting to
    `os.pathsep`. The variable will be created if it is not already in `env`.
    Returns `env`.

    Example:

    prepend_environ_path (env, b'PATH', b'/mypackage/bin')
    """
    env[name] = prepend_path (env.get (name), text, pathsep=pathsep)
    return env



def _make_user_data_pather ():
    datadir = os.environ.get (b'XDG_DATA_HOME',
                              os.path.expanduser ('~/.local/share'))

    def pathfunc (*args):
        return os.path.join (datadir, *args)

    return pathfunc

user_data_path = _make_user_data_pather ()


# Command-line access

class DefaultExecCommand (multitool.Command):
    name = 'exec'
    argspec = '<command> [args...]'
    summary = 'Run a program in the environment.'

    def invoke (self, args, envclass=None, **kwargs):
        if len (args) < 1:
            raise multitool.UsageError ('exec requires at least 1 argument')

        envclass ().execvpe (args)


class DefaultShellCommand (multitool.Command):
    # XXX we hardcode bash!
    name = 'shell'
    argspec = ''
    summary = 'Start an interactive shell in the environment.'
    help_if_no_args = False

    def invoke (self, args, envname=None, envclass=None, **kwargs):
        if len (args):
            raise multitool.UsageError ('shell expects no arguments')

        from tempfile import NamedTemporaryFile
        with NamedTemporaryFile (delete=False) as f:
            print ('''[ -e ~/.bashrc ] && source ~/.bashrc
PS1="%s $PS1"
rm %s''' % (envname, f.name), file=f)

        envclass ().execvpe (['bash',
                              '--rcfile', f.name,
                              '-i'])


class DefaultTool (multitool.Multitool):
    def __init__ (self, envname, envclass, module):
        super (DefaultTool, self).__init__ ()
        self.envname = envname
        self.envclass = envclass
        self.module = module

        self.cli_name = 'pkenvtool ' + envname
        self.summary = 'Run tools in the %s environment.' % envname


    def invoke_command (self, cmd, args, **kwargs):
        return super (DefaultTool, self).invoke_command (cmd, args,
                                                         envname=self.envname,
                                                         envclass=self.envclass,
                                                         module=self.module,
                                                         **kwargs)


def _default_env_commandline (envname, module, argv):
    for name in dir (module):
        v = getattr (module, name)
        if v is not Environment and issubclass (v, Environment):
            envclass = v
            break
    else:
        cli.die ('internal error: cannot identify environment class for %s',
                 envname)

    tool = DefaultTool (envname, envclass, module)
    tool.populate (globals ().itervalues ())
    tool.commandline (argv)


def commandline (argv=sys.argv):
    cli.propagate_sigint ()
    cli.backtrace_on_usr1 ()
    cli.unicode_stdio ()

    if len (argv) < 2 or argv[1] in ('-h', '--help'):
        print ('''usage: pkenvtool <environment> [args...]

Where acceptable "args" depend on the environment in question.''')
        return

    envname = argv[1]
    if not len (envname) or envname[0] == '.':
        cli.die ('illegal environment name %r', envname)

    from importlib import import_module

    try:
        envmod = import_module ('.' + envname, package=__package__)
    except StandardError:
        cli.die ('unable to load module for environment %r', envname)

    modargv = ['pkenvtool ' + argv[1]] + argv[2:]

    if hasattr (envmod, 'commandline'):
        envmod.commandline (modargv)
    else:
        _default_env_commandline (envname, envmod, modargv)
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  Source code for pwkit.bblocks

# -*- mode: python; coding: utf-8 -*-
# Copyright 2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.bblocks - Bayesian Blocks analysis, with a few extensions.

Bayesian Blocks analysis for the "time tagged" case described by Scargle+
2013. Inspired by the bayesian_blocks implementation by Jake Vanderplas in the
AstroML package, but that turned out to have some limitations.

We have iterative determination of the best number of blocks (using an ad-hoc
routine described in Scargle+ 2013) and bootstrap-based determination of
uncertainties on the block heights (ditto).

Functions are:

:func:`bin_bblock`
  Bayesian Blocks analysis with counts and bins.
:func:`tt_bblock`
  BB analysis of time-tagged events.
:func:`bs_tt_bblock`
  Like :func:`tt_bblock` with bootstrap-based uncertainty assessment. NOTE:
  the uncertainties are not very reliable!

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'nlogn bin_bblock tt_bblock bs_tt_bblock').split ()


import numpy as np

from . import Holder


def nlogn (n, dt):
    # I really feel like there must be a cleverer way to do this
    # scalar-or-vector possible-bad-value masking.

    if np.isscalar (n):
        if n == 0:
            return 0.
        return n * (np.log (n) - np.log (dt))

    n = np.asarray (n)
    mask = (n == 0)
    r = n * (np.log (np.where (mask, 1, n)) - np.log (dt))
    return np.where (mask, 0, r)


[docs]def bin_bblock (widths, counts, p0=0.05):
    """Fundamental Bayesian Blocks algorithm. Arguments:

    widths  - Array of consecutive cell widths.
    counts  - Array of numbers of counts in each cell.
    p0=0.05 - Probability of preferring solutions with additional bins.

    Returns a Holder with:

    blockstarts - Start times of output blocks.
    counts      - Number of events in each output block.
    finalp0     - Final value of p0, after iteration to minimize `nblocks`.
    nblocks     - Number of output blocks.
    ncells      - Number of input cells/bins.
    origp0      - Original value of p0.
    rates       - Event rate associated with each block.
    widths      - Width of each output block.

    """
    widths = np.asarray (widths)
    counts = np.asarray (counts)
    ncells = widths.size
    origp0 = p0

    if np.any (widths <= 0):
        raise ValueError ('bin widths must be positive')
    if widths.size != counts.size:
        raise ValueError ('widths and counts must have same size')
    if p0 < 0 or p0 >= 1.:
        raise ValueError ('p0 must lie within [0, 1)')

    vedges = np.cumsum (np.concatenate (([0], widths))) # size: ncells + 1
    block_remainders = vedges[-1] - vedges # size: nedges = ncells + 1
    ccounts = np.cumsum (np.concatenate (([0], counts)))
    count_remainders = ccounts[-1] - ccounts

    prev_blockstarts = None
    best = np.zeros (ncells, dtype=np.float)
    last = np.zeros (ncells, dtype=np.int)

    for _ in xrange (10):
        # Pluggable num-change-points prior-weight expression:
        ncp_prior = 4 - np.log (p0 / (0.0136 * ncells**0.478))

        for r in xrange (ncells):
            tk = block_remainders[:r+1] - block_remainders[r+1]
            nk = count_remainders[:r+1] - count_remainders[r+1]

            # Pluggable fitness expression:
            fit_vec = nlogn (nk, tk)

            # This incrementally penalizes partitions with more blocks:
            tmp = fit_vec - ncp_prior
            tmp[1:] += best[:r]

            imax = np.argmax (tmp)
            last[r] = imax
            best[r] = tmp[imax]

        # different semantics than Scargle impl: our blockstarts is similar to
        # their changepoints, but we always finish with blockstarts[0] = 0.

        work = np.zeros (ncells, dtype=int)
        workidx = 0
        ind = last[-1]

        while True:
            work[workidx] = ind
            workidx += 1
            if ind == 0:
                break
            ind = last[ind - 1]

        blockstarts = work[:workidx][::-1]

        if prev_blockstarts is not None:
            if (blockstarts.size == prev_blockstarts.size and
                (blockstarts == prev_blockstarts).all ()):
                break # converged

        if blockstarts.size == 1:
            break # can't shrink any farther

        # Recommended ad-hoc iteration to favor fewer blocks above and beyond
        # the value of p0:
        p0 = 1. - (1. - p0)**(1. / (blockstarts.size - 1))
        prev_blockstarts = blockstarts

    assert blockstarts[0] == 0
    nblocks = blockstarts.size

    info = Holder ()
    info.ncells = ncells
    info.nblocks = nblocks
    info.origp0 = origp0
    info.finalp0 = p0
    info.blockstarts = blockstarts
    info.counts = np.empty (nblocks, dtype=np.int)
    info.widths = np.empty (nblocks)

    for iblk in xrange (nblocks):
        cellstart = blockstarts[iblk]
        if iblk == nblocks - 1:
            cellend = ncells - 1
        else:
            cellend = blockstarts[iblk+1] - 1

        info.widths[iblk] = widths[cellstart:cellend+1].sum ()
        info.counts[iblk] = counts[cellstart:cellend+1].sum ()

    info.rates = info.counts / info.widths
    return info



[docs]def tt_bblock (tstarts, tstops, times, p0=0.05):
    """Bayesian Blocks for time-tagged events. Arguments:

    tstarts  - Array of input bin start times.
    tstops   - Array of input bin stop times.
    times    - Array of event arrival times.
    p0=0.05  - Probability of preferring solutions with additional bins.

    Returns a Holder with:

    blockstarts - Start times of output blocks.
    counts      - Number of events in each output block.
    finalp0     - Final value of p0, after iteration to minimize `nblocks`.
    ledges      - Times of left edges of output blocks.
    midpoints   - Times of midpoints of output blocks.
    nblocks     - Number of output blocks.
    ncells      - Number of input cells/bins.
    origp0      - Original value of p0.
    rates       - Event rate associated with each block.
    redges      - Times of right edges of output blocks.
    widths      - Width of each output block.

    Bin start/stop times are best derived from a 1D Voronoi tesselation of the
    event arrival times, with some kind of global observation start/stop time
    setting the extreme edges.

    """
    tstarts = np.asarray (tstarts)
    tstops = np.asarray (tstops)
    times = np.asarray (times)

    if tstarts.size != tstops.size:
        raise ValueError ('must have same number of starts and stops')

    ngti = tstarts.size

    if ngti < 1:
        raise ValueError ('must have at least one goodtime interval')
    if np.any ((tstarts[1:] - tstarts[:-1]) <= 0):
        raise ValueError ('tstarts must be ordered and distinct')
    if np.any ((tstops[1:] - tstops[:-1]) <= 0):
        raise ValueError ('tstops must be ordered and distinct')
    if np.any (tstarts >= tstops):
        raise ValueError ('tstarts must come before tstops')
    if np.any ((times[1:] - times[:-1]) < 0):
        raise ValueError ('times must be ordered')
    if times.min () < tstarts[0]:
        raise ValueError ('no times may be smaller than first tstart')
    if times.max () > tstops[-1]:
        raise ValueError ('no times may be larger than last tstop')
    for i in xrange (1, ngti):
        if np.where ((times > tstops[i-1]) & (times < tstarts[i]))[0].size:
            raise ValueError ('no times may fall in goodtime gap #%d' % i)
    if p0 < 0 or p0 >= 1.:
        raise ValueError ('p0 must lie within [0, 1)')

    utimes, uidxs = np.unique (times, return_index=True)
    nunique = utimes.size

    counts = np.empty (nunique)
    counts[:-1] = uidxs[1:] - uidxs[:-1]
    counts[-1] = times.size - uidxs[-1]
    assert counts.sum () == times.size

    # we grow these arrays with concats, which will perform badly with lots of
    # GTIs. Not expected to be a big deal.
    widths = np.empty (0)
    ledges = np.empty (0)
    redges = np.empty (0)

    for i in xrange (ngti):
        tstart, tstop = tstarts[i], tstops[i]

        w = np.where ((utimes >= tstart) & (utimes <= tstop))[0]

        if not w.size:
            # No events during this goodtime! We have to insert a zero-count
            # event block. This may break assumptions within bin_bblock()?

            # j = idx of first event after this GTI
            wafter = np.where (utimes > tstop)[0]
            if wafter.size:
                j = wafter[0]
            else:
                j = utimes.size
            assert j == 0 or np.where (utimes < tstart)[0][-1] == j - 1

            counts = np.concatenate ((counts[:j], [0], counts[j:]))
            widths = np.concatenate ((widths, [tstop - tstart]))
            ledges = np.concatenate ((ledges, [tstart]))
            redges = np.concatenate ((redges, [tstop]))
        else:
            gtutimes = utimes[w]
            midpoints = 0.5 * (gtutimes[1:] + gtutimes[:-1]) # size: n - 1
            gtedges = np.concatenate (([tstart], midpoints, [tstop])) # size: n + 1
            gtwidths = gtedges[1:] - gtedges[:-1] # size: n
            assert gtwidths.sum () == tstop - tstart
            widths = np.concatenate ((widths, gtwidths))
            ledges = np.concatenate ((ledges, gtedges[:-1]))
            redges = np.concatenate ((redges, gtedges[1:]))

    assert counts.size == widths.size
    info = bin_bblock (widths, counts, p0=p0)
    info.ledges = ledges[info.blockstarts]
    # The right edge of the i'th block is the right edge of its rightmost
    # bin, which is the bin before the leftmost bin of the (i+1)'th block:
    info.redges = np.concatenate ((redges[info.blockstarts[1:] - 1], [redges[-1]]))
    info.midpoints = 0.5 * (info.ledges + info.redges)
    return info



[docs]def bs_tt_bblock (times, tstarts, tstops, p0=0.05, nbootstrap=512):
    """Bayesian Blocks for time-tagged events with bootstrapping uncertainty
    assessment. THE UNCERTAINTIES ARE NOT VERY GOOD! Arguments:

    tstarts        - Array of input bin start times.
    tstops         - Array of input bin stop times.
    times          - Array of event arrival times.
    p0=0.05        - Probability of preferring solutions with additional bins.
    nbootstrap=512 - Number of bootstrap runs to perform.

    Returns a Holder with:

    blockstarts - Start times of output blocks.
    bsrates     - Mean event rate in each bin from bootstrap analysis.
    bsrstds     - ~Uncertainty: stddev of event rate in each bin from bootstrap analysis.
    counts      - Number of events in each output block.
    finalp0     - Final value of p0, after iteration to minimize `nblocks`.
    ledges      - Times of left edges of output blocks.
    midpoints   - Times of midpoints of output blocks.
    nblocks     - Number of output blocks.
    ncells      - Number of input cells/bins.
    origp0      - Original value of p0.
    rates       - Event rate associated with each block.
    redges      - Times of right edges of output blocks.
    widths      - Width of each output block.

    """
    times = np.asarray (times)
    tstarts = np.asarray (tstarts)
    tstops = np.asarray (tstops)

    nevents = times.size
    if nevents < 1:
        raise ValueError ('must be given at least 1 event')

    info = tt_bblock (tstarts, tstops, times, p0)

    # Now bootstrap resample to assess uncertainties on the bin heights. This
    # is the approach recommended by Scargle+.

    bsrsums = np.zeros (info.nblocks)
    bsrsumsqs = np.zeros (info.nblocks)

    for _ in xrange (nbootstrap):
        bstimes = times[np.random.randint (0, times.size, times.size)]
        bstimes.sort ()
        bsinfo = tt_bblock (tstarts, tstops, bstimes, p0)
        blocknums = np.minimum (np.searchsorted (bsinfo.redges, info.midpoints),
                                bsinfo.nblocks - 1)
        samprates = bsinfo.rates[blocknums]
        bsrsums += samprates
        bsrsumsqs += samprates**2

    bsrmeans = bsrsums / nbootstrap
    mask = bsrsumsqs / nbootstrap <= bsrmeans**2
    bsrstds = np.sqrt (np.where (mask, 0, bsrsumsqs / nbootstrap - bsrmeans**2))
    info.bsrates = bsrmeans
    info.bsrstds = bsrstds
    return info






          

      

      

    


    
        © Copyright 2015, Peter K. G. Williams and collaborators.
      Created using Sphinx 1.3.1.
    

  

_modules/pwkit/lmmin.html


    
      Navigation


      
        		
          index


        		
          modules |


        		pwkit 0.6.99 documentation »


          		Module code »


          		pwkit »

 
      


    


    
      
          
            
  Source code for pwkit.lmmin

# -*- mode: python; coding: utf-8 -*-
# Copyright (C) 1997-2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011, Craig Markwardt
# Copyright 2003 Mark Rivers
# Copyright 2006, 2009-2011 (inclusive) Nadia Dencheva
# Copyright 2011-2014 (inclusive) Peter Williams
#
# This software is provided as is without any warranty whatsoever. Permission
# to use, copy, modify, and distribute modified or unmodified copies is
# granted, provided this copyright and disclaimer are included unchanged.

### lmmin is a Levenberg-Marquardt least-squares minimizer derived
### (circuitously) from the classic MINPACK implementation. Usage information
### is given in the docstring farther below. Various important pieces of
### information that are out of the scope of the docstring follow immediately
### below.

# == Provenance ==
#
# This implementation of the Levenberg-Marquardt technique has its origins in
# MINPACK-1 (the lmdif and lmdir subroutines), by Jorge Moré, Burt Garbow, and
# Ken Hillstrom, implemented around 1980.
#
# In 1997-1998, Craig Markwardt ported the FORTRAN code (with permission) to
# IDL, resulting in the MPFIT procedure.
#
# Around 2003, Mark Rivers ported the mpfit.pro file to Python and the Numeric
# module, creating mpfit.py. (It would be helpful to be able to identify the
# precise version that was ported, so that bugfixes to mpfit.pro could be
# forward-ported. The bug corrected on "21 Nov 2003" in mpfit.pro was
# originally present in this version, so the Python port likely happened
# before then.)
#
# Around 2006, mpfit.py was ported to the Numpy module to create nmpfit.py.
# Based on STSCI version control logs it appears that this was done by Nadia
# Dencheva.
#
# In 2011-2012, Peter Williams began fixing bugs in the port and significantly
# reworking the API, creating this file, lmmin.py. Previous authors deserve
# all of the credit for anything that works and none of the blame for anything
# that doesn't.
#
# (There exists a C-based Levenberg-Marquardt minimizer named lmmin by Joachim
# Wuttke [http://joachimwuttke.de/lmfit/]. This implementation is not directly
# related to that one, although lmmin also appears to stem from the original
# MINPACK implementation.)
#
#
# == Transposition ==
#
# This version of the MINPACK implementation differs from the others of which
# I am aware in that it transposes the matrices used in intermediate
# calculations. While in both Fortran and Python, an n-by-m matrix is
# visualized as having n rows and m columns, in Fortran the columns are
# directly adjacent in memory, and hence the preferred inner axis for
# iteration, while in Python the rows are the preferred inner axis. By
# transposing the matrices we match the algorithms to the memory layout as
# intended in the original Fortran. I have no idea how much of a performance
# boost this gives, and of course we're using Python so you're deluding
# yourself if you're trying to wring out every cycle, but I suppose it helps,
# and it makes some of the code constructs nicer and feels a lot cleaner
# conceptually to me.
#
# The main operation of interest is the Q R factorization, which in the
# Fortran version involves matrices A, P, Q and R such that
#
#  A P = Q R or, in Python,
#  a[:,pmut] == np.dot (q, r)
#
# where A is an arbitrary m-by-n matrix, P is a permutation matrix, Q is an
# orthogonal m-by-m matrix (Q Q^T = Ident), and R is an m-by-n upper
# triangular matrix. In the transposed version,
#
# A P = R Q
#
# where A is n-by-m and R is n-by-m and lower triangular. We refer to this as
# the "transposed Q R factorization." I've tried to update the documentation
# to reflect this change, but I can't claim that I completely understand the
# mapping of the matrix algebra into code, so there are probably confusing
# mistakes in the comments and docstrings.
#
#
# == Web Links ==
#
# MINPACK-1: http://www.netlib.org/minpack/
#
# Markwardt's IDL software MPFIT.PRO: http://purl.com/net/mpfit
#
# Rivers' Python software mpfit.py: http://cars.uchicago.edu/software/python/mpfit.html
#
# nmpfit.py is part of stsci_python:
#  http://www.stsci.edu/institute/software_hardware/pyraf/stsci_python
#
#
# == Academic References ==
#
# Levenberg, K. 1944, "A method for the solution of certain nonlinear
#  problems in least squares," Quart. Appl. Math., vol. 2,
#  pp. 164-168.
#
# Marquardt, DW. 1963, "An algorithm for least squares estimation of
#  nonlinear parameters," SIAM J. Appl. Math., vol. 11, pp. 431-441.
#  (DOI: 10.1137/0111030 )
#
# For MINPACK-1:
#
# Moré, J. 1978, "The Levenberg-Marquardt Algorithm: Implementation
#  and Theory," in Numerical Analysis, vol. 630, ed. G. A. Watson
#  (Springer-Verlag: Berlin), p. 105 (DOI: 10.1007/BFb0067700 )
#
# Moré, J and Wright, S. 1987, "Optimization Software Guide," SIAM,
#  Frontiers in Applied Mathematics, no. 14. (ISBN:
#  978-0-898713-22-0)
#
# For Markwardt's IDL software MPFIT.PRO:
#
# Markwardt, C. B. 2008, "Non-Linear Least Squares Fitting in IDL with
#  MPFIT," in Proc. Astronomical Data Analysis Software and Systems
#  XVIII, Quebec, Canada, ASP Conference Series, Vol. XXX, eds.
#  D. Bohlender, P. Dowler & D. Durand (Astronomical Society of the
#  Pacific: San Francisco), pp. 251-254 (ISBN: 978-1-58381-702-5;
#  arxiv:0902.2850; bibcode: 2009ASPC..411..251M)

"""pwkit.lmmin - Pythonic, Numpy-based Levenberg-Marquardt least-squares minimizer

Basic usage::

    from pwkit.lmmin import Problem, ResidualProblem

    def yfunc (params, vals):
        vals[:] = {stuff with params}
    def jfunc (params, jac):
        jac[i,j] = {deriv of val[j] w.r.t. params[i]}
        # i.e. jac[i] = {deriv of val wrt params[i]}

    p = Problem (npar, nout, yfunc, jfunc=None)
    solution = p.solve (guess)

    p2 = Problem ()
    p2.set_npar (npar) # enables configuration of parameter meta-info
    p2.set_func (nout, yfunc, jfunc)

Main Solution properties:

    prob   - The Problem.
    status - Set of strings; presence of 'ftol', 'gtol', or 'xtol' suggests success.
    params - Final parameter values.
    perror - 1σ uncertainties on params.
    covar  - Covariance matrix of parameters.
    fnorm  - Final norm of function output.
    fvec   - Final vector of function outputs.
    fjac   - Final Jacobian matrix of d(fvec)/d(params).

Automatic least-squares model-fitting (subtracts "observed" Y values and
multiplies by inverse errors):

    def yrfunc (params, modelyvalues):
        modelyvalues[:] = {stuff with params}
    def yjfunc (params, modelyjac):
        jac[i,j] = {deriv of modelyvalue[j] w.r.t. params[i]}

    p.set_residual_func (yobs, errinv, yrfunc, jrfunc, reckless=False)
    p = ResidualProblem (npar, yobs, errinv, yrfunc, jrfunc=None, reckless=False)

Parameter meta-information:

    p.p_value (paramindex, value, fixed=False)
    p.p_limit (paramindex, lower=-inf, upper=+inf)
    p.p_step (paramindex, stepsize, maxstep=info, isrel=False)
    p.p_side (paramindex, sidedness) # one of 'auto', 'pos', 'neg', 'two'
    p.p_tie (paramindex, tiefunc) # pval = tiefunc (params)

solve() status codes:

Solution.status is a set of strings. The presence of a string in the
set means that the specified condition was active when the iteration
terminated. Multiple conditions may contribute to ending the
iteration. The algorithm likely did not converge correctly if none of
'ftol', 'xtol', or 'gtol' are in status upon termination.

'ftol' (MINPACK/MPFIT equiv: 1, 3)
  "Termination occurs when both the actual and predicted relative
  reductions in the sum of squares are at most FTOL. Therefore, FTOL
  measures the relative error desired in the sum of squares."

'xtol' (MINPACK/MPFIT equiv: 2, 3)
  "Termination occurs when the relative error between two consecutive
  iterates is at most XTOL. Therefore, XTOL measures the relative
  error desired in the approximate solution."

'gtol' (MINPACK/MPFIT equiv: 4)
  "Termination occurs when the cosine of the angle between fvec and
  any column of the jacobian is at most GTOL in absolute
  value. Therefore, GTOL measures the orthogonality desired between
  the function vector and the columns of the jacobian."

'maxiter' (MINPACK/MPFIT equiv: 5)
  Number of iterations exceeds maxiter.

'feps' (MINPACK/MPFIT equiv: 6)
  "ftol is too small. no further reduction in the sum of squares is
  possible."

'xeps' (MINPACK/MPFIT equiv: 7)
  "xtol is too small. no further improvement in the approximate
  solution x is possible."

'geps' (MINPACK/MPFIT equiv: 8)
  "gtol is too small. fvec is orthogonal to the columns of the jacobian
  to machine precision."

(This docstring contains only usage information. For important
information regarding provenance, license, and academic references,
see comments in the module source code.)

"""

from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'enorm_fast enorm_mpfit_careful enorm_minpack '
           b'Problem Solution ResidualProblem '
           b'check_derivative').split ()


import numpy as np

# Quickie testing infrastructure

_testfuncs = []

def test (f): # a decorator
    _testfuncs.append (f)
    return f

def _runtests (namefilt=None):
    for f in _testfuncs:
        if namefilt is not None and f.__name__ != namefilt:
            continue
        n = f.__name__
        if n[0] == '_':
            n = n[1:]
        print (n, '...')
        f ()

from numpy.testing import assert_array_almost_equal as Taaae
from numpy.testing import assert_almost_equal as Taae

def _timer_helper (n=100):
    for i in xrange (n):
        for f in _testfuncs:
            f ()


# Parameter Info attributes that can be specified
#
# Each parameter can be described by five floats:

PI_F_VALUE = 0 # specified initial value
PI_F_LLIMIT = 1 # lower bound on param value (can be -inf)
PI_F_ULIMIT = 2 # upper bound (can be +inf)
PI_F_STEP = 3 # fixed parameter step size to use (abs or rel), 0. for unspecified
PI_F_MAXSTEP = 4 # maximum step to take
PI_NUM_F = 5

# Four bits of data
PI_M_SIDE = 0x3 # sidedness of derivative - two bits
PI_M_FIXED = 0x4 # fixed value
PI_M_RELSTEP = 0x8 # whether the specified stepsize is relative

# And one object
PI_O_TIEFUNC = 0 # fixed to be a function of other parameters
PI_NUM_O = 1

# Codes for the automatic derivative sidedness
DSIDE_AUTO = 0x0
DSIDE_POS  = 0x1
DSIDE_NEG  = 0x2
DSIDE_TWO  = 0x3

_dside_names = {
    'auto': DSIDE_AUTO,
    'pos': DSIDE_POS,
    'neg': DSIDE_NEG,
    'two': DSIDE_TWO,
}


anynotfinite = lambda x: not np.all (np.isfinite (x))

# Euclidean norm-calculating functions. The naive implementation is
# fast but can be sensitive to under/overflows. The "mpfit_careful"
# version is slower but tries to be more robust. The "minpack"
# version, which does indeed emulate the MINPACK implementation, also
# tries to be careful. I've used this last implementation a little
# bit but haven't compared it to the others thoroughly.

enorm_fast = lambda v, finfo: np.sqrt (np.dot (v, v))

def enorm_mpfit_careful (v, finfo):
    # "This is hopefully a compromise between speed and robustness.
    # Need to do this because of the possibility of over- or under-
    # flow."

    mx = max (abs (v.max ()), abs (v.min ()))

    if mx == 0:
        return v[0] * 0. # preserve type (?)
    if not np.isfinite (mx):
        raise ValueError ('tried to compute norm of a vector with nonfinite values')
    if mx > finfo.max / v.size or mx < finfo.tiny * v.size:
        return mx * np.sqrt (np.dot (v / mx, v / mx))

    return np.sqrt (np.dot (v, v))


def enorm_minpack (v, finfo):
    rdwarf = 3.834e-20
    rgiant = 1.304e19
    agiant = rgiant / v.size

    s1 = s2 = s3 = x1max = x3max = 0.

    for i in xrange (v.size):
        xabs = abs (v[i])

        if xabs > rdwarf and xabs < agiant:
            s2 += xabs**2
        elif xabs <= rdwarf:
            if xabs <= x3max:
                if xabs != 0.:
                    s3 += (xabs / x3max)**2
            else:
                s3 = 1 + s3 * (x3max / xabs)**2
                x3max = xabs
        else:
            if xabs <= x1max:
                s1 += (xabs / x1max)**2
            else:
                s1 = 1. + s1 * (x1max / xabs)**2
                x1max = xabs

    if s1 != 0.:
        return x1max * np.sqrt (s1 + (s2 / x1max) / x1max)

    if s2 == 0.:
        return x3max * np.sqrt (s3)

    if s2 >= x3max:
        return np.sqrt (s2 * (1 + (x3max / s2) * (x3max * s3)))

    return np.sqrt (x3max * ((s2 / x3max) + (x3max * s3)))


# Q-R factorization.

def _qr_factor_packed (a, enorm, finfo):
    """Compute the packed pivoting Q-R factorization of a matrix.

Parameters:
a     - An n-by-m matrix, m >= n. This will be *overwritten*
        by this function as described below!
enorm - A Euclidian-norm-computing function.
finfo - A Numpy finfo object.

Returns:
pmut   - An n-element permutation vector
rdiag  - An n-element vector of the diagonal of R
acnorm - An n-element vector of the norms of the rows
         of the input matrix 'a'.

Computes the transposed Q-R factorization of the matrix 'a', with
pivoting, in a packed form, in-place. The packed information can be
used to construct matrices Q and R such that

  A P = R Q or, in Python,
  np.dot (r, q) = a[pmut]

where q is m-by-m and q q^T = ident and r is n-by-m and is lower
triangular. The function _qr_factor_full can compute these
matrices. The packed form of output is all that is used by the main LM
fitting algorithm.

"Pivoting" refers to permuting the rows of 'a' to have their norms in
nonincreasing order. The return value 'pmut' maps the unpermuted rows
of 'a' to permuted rows. That is, the norms of the rows of a[pmut] are
in nonincreasing order.

The parameter 'a' is overwritten by this function. Its new value
should still be interpreted as an n-by-m array. It comes in two
parts. Its strict lower triangular part contains the struct lower
triangular part of R. (The diagonal of R is returned in 'rdiag' and
the strict upper trapezoidal part of R is zero.) The upper trapezoidal
part of 'a' contains Q as factorized into a series of Householder
transformation vectors. Q can be reconstructed as the matrix product
of n Householder matrices, where the i'th Householder matrix is
defined by

H_i = I - 2 (v^T v) / (v v^T)

where 'v' is the pmut[i]'th row of 'a' with its strict lower
triangular part set to zero. See _qr_factor_full for more information.

'rdiag' contains the diagonal part of the R matrix, taking into
account the permutation of 'a'. The strict lower triangular part of R
is stored in 'a' *with permutation*, so that the i'th row of R has
rdiag[i] as its diagonal and a[pmut[i],:i] as its upper part. See
_qr_factor_full for more information.

'acnorm' contains the norms of the rows of the original input
matrix 'a' without permutation.

The form of this transformation and the method of pivoting first
appeared in Linpack."""

    machep = finfo.eps
    n, m = a.shape

    if m < n:
        raise ValueError ('"a" must be at least as tall as it is wide')

    acnorm = np.empty (n, finfo.dtype)
    for j in xrange (n):
        acnorm[j] = enorm (a[j], finfo)

    rdiag = acnorm.copy ()
    wa = acnorm.copy ()
    pmut = np.arange (n)

    for i in xrange (n):
        # Find the row of a with the i'th largest norm, and note it in
        # the pivot vector.

        kmax = rdiag[i:].argmax () + i

        if kmax != i:
            temp = pmut[i]
            pmut[i] = pmut[kmax]
            pmut[kmax] = temp

            rdiag[kmax] = rdiag[i]
            wa[kmax] = wa[i]

            temp = a[i].copy ()
            a[i] = a[kmax]
            a[kmax] = temp

        # Compute the Householder transformation to reduce the i'th
        # row of A to a multiple of the i'th unit vector.

        ainorm = enorm (a[i,i:], finfo)

        if ainorm == 0:
            rdiag[i] = 0
            continue

        if a[i,i] < 0:
            # Doing this apparently improves FP precision somehow.
            ainorm = -ainorm

        a[i,i:] /= ainorm
        a[i,i] += 1

        # Apply the transformation to the remaining rows and update
        # the norms.

        for j in xrange (i + 1, n):
            a[j,i:] -= a[i,i:] * np.dot (a[i,i:], a[j,i:]) / a[i,i]

            if rdiag[j] != 0:
                rdiag[j] *= np.sqrt (max (1 - (a[j,i] / rdiag[j])**2, 0))

                if 0.05 * (rdiag[j] / wa[j])**2 <= machep:
                    # What does this do???
                    wa[j] = rdiag[j] = enorm (a[j,i+1:], finfo)

        rdiag[i] = -ainorm

    return pmut, rdiag, acnorm


def _manual_qr_factor_packed (a, dtype=np.float):
    # This testing function gives sensible defaults to _qr_factor_packed
    # and makes a copy of its input to make comparisons easier.

    a = np.array (a, dtype)
    pmut, rdiag, acnorm = _qr_factor_packed (a, enorm_mpfit_careful,
                                             np.finfo (dtype))
    return a, pmut, rdiag, acnorm


def _qr_factor_full (a, dtype=np.float):
    """Compute the QR factorization of a matrix, with pivoting.

Parameters:
a     - An n-by-m arraylike, m >= n.
dtype - (optional) The data type to use for computations.
        Default is np.float.

Returns:
q    - An m-by-m orthogonal matrix (q q^T = ident)
r    - An n-by-m upper triangular matrix
pmut - An n-element permutation vector

The returned values will satisfy the equation

np.dot (r, q) == a[:,pmut]

The outputs are computed indirectly via the function
_qr_factor_packed. If you need to compute q and r matrices in
production code, there are faster ways to do it. This function is for
testing _qr_factor_packed.

The permutation vector pmut is a vector of the integers 0 through
n-1. It sorts the rows of 'a' by their norms, so that the
pmut[i]'th row of 'a' has the i'th biggest norm."""

    n, m = a.shape

    # Compute the packed Q and R matrix information.

    packed, pmut, rdiag, acnorm = \
        _manual_qr_factor_packed (a, dtype)

    # Now we unpack. Start with the R matrix, which is easy: we just
    # have to piece it together from the strict lower triangle of 'a'
    # and the diagonal in 'rdiag'.

    r = np.zeros ((n, m))

    for i in xrange (n):
        r[i,:i] = packed[i,:i]
        r[i,i] = rdiag[i]

    # Now the Q matrix. It is the concatenation of n Householder
    # transformations, each of which is defined by a row in the upper
    # trapezoidal portion of 'a'. We extract the appropriate vector,
    # construct the matrix for the Householder transform, and build up
    # the Q matrix.

    q = np.eye (m)
    v = np.empty (m)

    for i in xrange (n):
        v[:] = packed[i]
        v[:i] = 0

        hhm = np.eye (m) - 2 * np.outer (v, v) / np.dot (v, v)
        q = np.dot (hhm, q)

    return q, r, pmut


@test
def _qr_examples ():
    # This is the sample given in the comments of Craig Markwardt's
    # IDL MPFIT implementation.

    a = np.asarray ([[9., 2, 6], [4, 8, 7]])
    packed, pmut, rdiag, acnorm = _manual_qr_factor_packed (a)

    Taaae (packed, [[1.35218036, 0.70436073, 0.61631563],
                    [-8.27623852, 1.96596229, 0.25868293]])
    assert pmut[0] == 1
    assert pmut[1] == 0
    Taaae (rdiag, [-11.35781669, 7.24595584])
    Taaae (acnorm, [11.0, 11.35781669])

    q, r, pmut = _qr_factor_full (a)
    Taaae (np.dot (r, q), a[pmut])

    # This is the sample given in Wikipedia. I know, shameful!

    a = np.asarray ([[12., 6, -4],
                     [-51, 167, 24],
                     [4, -68, -41]])
    packed, pmut, rdiag, acnorm = _manual_qr_factor_packed (a)
    Taaae (packed, [[ 1.28935268, -0.94748818, -0.13616597],
                    [-71.16941178,  1.36009392, 0.93291606],
                    [1.66803309, -2.18085468, 2.]])
    assert pmut[0] == 1
    assert pmut[1] == 2
    assert pmut[2] == 0
    Taaae (rdiag, [176.25549637, 35.43888862, 13.72812946])
    Taaae (acnorm, [14., 176.25549637, 79.50471684])

    q, r, pmut = _qr_factor_full (a)
    Taaae (np.dot (r, q), a[pmut])

    # A sample I constructed myself analytically. I made the Q
    # from rotation matrices and chose R pretty dumbly to get a
    # nice-ish matrix following the columnar norm constraint.

    r3 = np.sqrt (3)
    a = np.asarray ([[-3 * r3, 7, -2],
                     [3 * r3, 9, -6]])
    q, r, pmut = _qr_factor_full (a)

    r *= np.sign (q[0,0])
    for i in xrange (3):
        # Normalize signs.
        q[i] *= (-1)**i * np.sign (q[i,0])

    assert pmut[0] == 1
    assert pmut[1] == 0

    Taaae (q, 0.25 * np.asarray ([[r3, 3, -2],
                                  [-2*r3, 2, 0],
                                  [1, r3, 2*r3]]))
    Taaae (r, np.asarray ([[12, 0, 0],
                           [4, 8, 0]]))
    Taaae (np.dot (r, q), a[pmut])


# QR solution.

def _qrd_solve (r, pmut, ddiag, bqt, sdiag):
    """Solve an equation given a QR factored matrix and a diagonal.

Parameters:
r     - **input-output** n-by-n array. The full lower triangle contains
        the full lower triangle of R. On output, the strict upper
        triangle contains the transpose of the strict lower triangle of
        S.
pmut  - n-vector describing the permutation matrix P.
ddiag - n-vector containing the diagonal of the matrix D in the base
        problem (see below).
bqt   - n-vector containing the first n elements of B Q^T.
sdiag - output n-vector. It is filled with the diagonal of S. Should
        be preallocated by the caller -- can result in somewhat greater
        efficiency if the vector is reused from one call to the next.

Returns:
x     - n-vector solving the equation.

Compute the n-vector x such that

A^T x = B, D x = 0

where A is an n-by-m matrix, B is an m-vector, and D is an n-by-n
diagonal matrix. We are given information about pivoted QR
factorization of A with permutation, such that

A P = R Q

where P is a permutation matrix, Q has orthogonal rows, and R is lower
triangular with nonincreasing diagonal elements. Q is m-by-m, R is
n-by-m, and P is n-by-n. If x = P z, then we need to solve

R z = B Q^T,
P^T D P z = 0 (why the P^T? and do these need to be updated for the transposition?)

If the system is rank-deficient, these equations are solved as well as
possible in a least-squares sense. For the purposes of the LM
algorithm we also compute the lower triangular n-by-n matrix S such
that

P^T (A^T A + D D) P = S^T S. (transpose?)
"""

    n, m = r.shape

    # "Copy r and bqt to preserve input and initialize s.  In
    # particular, save the diagonal elements of r in x."  Recall that
    # on input only the full lower triangle of R is meaningful, so we
    # can mirror that into the upper triangle without issues.

    for i in xrange (n):
        r[i,i:] = r[i:,i]

    x = r.diagonal ().copy ()
    zwork = bqt.copy ()

    # "Eliminate the diagonal matrix d using a Givens rotation."

    for i in xrange (n):
        # "Prepare the row of D to be eliminated, locating the
        # diagonal element using P from the QR factorization."

        li = pmut[i]
        if ddiag[li] == 0:
            sdiag[i] = r[i,i]
            r[i,i] = x[i]
            continue

        sdiag[i:] = 0
        sdiag[i] = ddiag[li]

        # "The transformations to eliminate the row of d modify only a
        # single element of (q transpose)*b beyond the first n, which
        # is initially zero."

        bqtpi = 0.

        for j in xrange (i, n):
            # "Determine a Givens rotation which eliminates the
            # appropriate element in the current row of D."

            if sdiag[j] == 0:
                continue

            if abs (r[j,j]) < abs (sdiag[j]):
                cot = r[j,j] / sdiag[j]
                sin = 0.5 / np.sqrt (0.25 + 0.25 * cot**2)
                cos = sin * cot
            else:
                tan = sdiag[j] / r[j,j]
                cos = 0.5 / np.sqrt (0.25 + 0.25 * tan**2)
                sin = cos * tan

            # "Compute the modified diagonal element of r and the
            # modified element of ((q transpose)*b,0)."
            r[j,j] = cos * r[j,j] + sin * sdiag[j]
            temp = cos * zwork[j] + sin * bqtpi
            bqtpi = -sin * zwork[j] + cos * bqtpi
            zwork[j] = temp

            # "Accumulate the transformation in the row of s."
            if j + 1 < n:
                temp = cos * r[j,j+1:] + sin * sdiag[j+1:]
                sdiag[j+1:] = -sin * r[j,j+1:] + cos * sdiag[j+1:]
                r[j,j+1:] = temp

        # Save the diagonal of S and restore the diagonal of R
        # from its saved location in x.
        sdiag[i] = r[i,i]
        r[i,i] = x[i]

    # "Solve the triangular system for z.  If the system is singular
    # then obtain a least squares solution."

    nsing = n

    for i in xrange (n):
        if sdiag[i] == 0.:
            nsing = i
            zwork[i:] = 0
            break

    if nsing > 0:
        zwork[nsing-1] /= sdiag[nsing-1] # Degenerate case
        # "Reverse loop"
        for i in xrange (nsing - 2, -1, -1):
            s = np.dot (zwork[i+1:nsing], r[i,i+1:nsing])
            zwork[i] = (zwork[i] - s) / sdiag[i]

    # "Permute the components of z back to components of x."
    x[pmut] = zwork
    return x


def _manual_qrd_solve (r, pmut, ddiag, bqt, dtype=np.float, build_s=False):
    r = np.asarray (r, dtype)
    pmut = np.asarray (pmut, np.int)
    ddiag = np.asarray (ddiag, dtype)
    bqt = np.asarray (bqt, dtype)

    swork = r.copy ()
    sdiag = np.empty (r.shape[1], r.dtype)

    x = _qrd_solve (swork, pmut, ddiag, bqt, sdiag)

    if not build_s:
        return x, swork, sdiag

    # Rebuild s.

    swork = swork.T
    for i in xrange (r.shape[1]):
        swork[i,i:] = 0
        swork[i,i] = sdiag[i]

    return x, swork


def _qrd_solve_full (a, b, ddiag, dtype=np.float):
    """Solve the equation A^T x = B, D x = 0.

Parameters:
a     - an n-by-m array, m >= n
b     - an m-vector
ddiag - an n-vector giving the diagonal of D. (The rest of D is 0.)

Returns:
x    - n-vector solving the equation.
s    - the n-by-n supplementary matrix s.
pmut - n-element permutation vector defining the permutation matrix P.

The equations are solved in a least-squares sense if the system is
rank-deficient.  D is a diagonal matrix and hence only its diagonal is
in fact supplied as an argument. The matrix s is full lower triangular
and solves the equation

P^T (A A^T + D D) P = S^T S (needs transposition?)

where P is the permutation matrix defined by the vector pmut; it puts
the rows of 'a' in order of nonincreasing rank, so that a[pmut]
has its rows sorted that way.
"""

    a = np.asarray (a, dtype)
    b = np.asarray (b, dtype)
    ddiag = np.asarray (ddiag, dtype)

    n, m = a.shape
    assert m >= n
    assert b.shape == (m, )
    assert ddiag.shape == (n, )

    # The computation is straightforward.

    q, r, pmut = _qr_factor_full (a)
    bqt = np.dot (b, q.T)
    x, s = _manual_qrd_solve (r[:,:n], pmut, ddiag, bqt,
                              dtype=dtype, build_s=True)

    return x, s, pmut


@test
def _qrd_solve_alone ():
    # Testing out just the QR solution function without
    # also the QR factorization bits.

    # The very simplest case.
    r = np.eye (2)
    pmut = np.asarray ([0, 1])
    diag = np.asarray ([0., 0])
    bqt = np.asarray ([3., 5])
    x, s = _manual_qrd_solve (r, pmut, diag, bqt, build_s=True)
    Taaae (x, [3., 5])
    Taaae (s, np.eye (2))

    # Now throw in a diagonal matrix ...
    diag = np.asarray ([2., 3.])
    x, s = _manual_qrd_solve (r, pmut, diag, bqt, build_s=True)
    Taaae (x, [0.6, 0.5])
    Taaae (s, np.sqrt (np.diag ([5, 10])))

    # And a permutation. We permute A but maintain
    # B, effectively saying x1 = 5, x2 = 3, so
    # we need to permute diag as well to scale them
    # by the amounts that yield nice X values.
    pmut = np.asarray ([1, 0])
    diag = np.asarray ([3., 2.])
    x, s = _manual_qrd_solve (r, pmut, diag, bqt, build_s=True)
    Taaae (x, [0.5, 0.6])
    Taaae (s, np.sqrt (np.diag ([5, 10])))


# Calculation of the Levenberg-Marquardt parameter

def _lm_solve (r, pmut, ddiag, bqt, delta, par0, enorm, finfo):
    """Compute the Levenberg-Marquardt parameter and solution vector.

Parameters:
r     - IN/OUT n-by-m matrix, m >= n. On input, the full lower triangle is
        the full lower  triangle of R and the strict upper triangle is
        ignored.  On output, the strict upper triangle has been
        obliterated. The value of 'm' here is not relevant so long as it
        is at least n.
pmut  - n-vector, defines permutation of R
ddiag - n-vector, diagonal elements of D
bqt   - n-vector, first elements of B Q^T
delta - positive scalar, specifies scale of enorm(Dx)
par0  - positive scalar, initial estimate of the LM parameter
enorm - norm-computing function
finfo - info about chosen floating-point representation

Returns:
par   - positive scalar, final estimate of LM parameter
x     - n-vector, least-squares solution of LM equation (see below)

This routine computes the Levenberg-Marquardt parameter 'par' and a LM
solution vector 'x'. Given an n-by-n matrix A, an n-by-n nonsingular
diagonal matrix D, an m-vector B, and a positive number delta, the
problem is to determine values such that 'x' is the least-squares
solution to

 A x = B
 sqrt(par) * D x = 0

and either

 (1) par = 0, dxnorm - delta <= 0.1 delta or
 (2) par > 0 and |dxnorm - delta| <= 0.1 delta

where dxnorm = enorm (D x).

This routine is not given A, B, or D directly. If we define the
column-pivoted transposed QR factorization of A such that

 A P = R Q

where P is a permutation matrix, Q has orthogonal rows, and R is a
lower triangular matrix with diagonal elements of nonincreasing
magnitude, this routine is given the full lower triangle of R, a
vector defining P ('pmut'), and the first n components of B Q^T
('bqt'). These values are essentially passed verbatim to _qrd_solve().

This routine iterates to estimate par. Usually only a few iterations
are needed, but no more than 10 are performed.
"""
    dwarf = finfo.tiny
    n, m = r.shape
    x = np.empty_like (bqt)
    sdiag = np.empty_like (bqt)

    # "Compute and store x in the Gauss-Newton direction. If the
    # Jacobian is rank-deficient, obtain a least-squares solution."

    nnonsingular = n
    wa1 = bqt.copy ()

    for i in xrange (n):
        if r[i,i] == 0:
            nnonsingular = i
            wa1[i:] = 0
            break

    for j in xrange (nnonsingular - 1, -1, -1):
        wa1[j] /= r[j,j]
        wa1[:j] -= r[j,:j] * wa1[j]

    x[pmut] = wa1

    # Initial function evaluation. Check if the Gauss-Newton direction
    # was good enough.

    wa2 = ddiag * x
    dxnorm = enorm (wa2, finfo)
    normdiff = dxnorm - delta

    if normdiff <= 0.1 * delta:
        return 0, x

    # If the Jacobian is not rank deficient, the Newton step provides
    # a lower bound for the zero of the function.

    par_lower = 0.

    if nnonsingular == n:
        wa1 = ddiag[pmut] * wa2[pmut] / dxnorm
        wa1[0] /= r[0,0] # "Degenerate case"

        for j in xrange (1, n):
            wa1[j] = (wa1[j] - np.dot (wa1[:j], r[j,:j])) / r[j,j]

        temp = enorm (wa1, finfo)
        par_lower = normdiff / delta / temp**2

    # We can always find an upper bound.

    for j in xrange (n):
        wa1[j] = np.dot (bqt[:j+1], r[j,:j+1]) / ddiag[pmut[j]]

    gnorm = enorm (wa1, finfo)
    par_upper = gnorm / delta
    if par_upper == 0:
        par_upper = dwarf / min (delta, 0.1)

    # Now iterate our way to victory.

    par = np.clip (par0, par_lower, par_upper)
    if par == 0:
        par = gnorm / dxnorm

    itercount = 0

    while True:
        itercount += 1

        if par == 0:
            par = max (dwarf, par_upper * 0.001)

        temp = np.sqrt (par)
        wa1 = temp * ddiag
        x = _qrd_solve (r[:,:n], pmut, wa1, bqt, sdiag) # sdiag is an output arg here
        wa2 = ddiag * x
        dxnorm = enorm (wa2, finfo)
        olddiff = normdiff
        normdiff = dxnorm - delta

        if abs (normdiff) < 0.1 * delta:
            break # converged
        if par_lower == 0 and normdiff <= olddiff and olddiff < 0:
            break # overshot, I guess?
        if itercount == 10:
            break # this is taking too long

        # Compute and apply the Newton correction

        wa1 = ddiag[pmut] * wa2[pmut] / dxnorm

        for j in xrange (n - 1):
            wa1[j] /= sdiag[j]
            wa1[j+1:n] -= r[j,j+1:n] * wa1[j]
        wa1[n-1] /= sdiag[n-1] # degenerate case

        par_delta = normdiff / delta / enorm (wa1, finfo)**2

        if normdiff > 0:
            par_lower = max (par_lower, par)
        elif normdiff < 0:
            par_upper = min (par_upper, par)

        par = max (par_lower, par + par_delta)

    return par, x


def _lm_solve_full (a, b, ddiag, delta, par0, dtype=np.float):
    """Compute the Levenberg-Marquardt parameter and solution vector.

Parameters:
a     - n-by-m matrix, m >= n (only the n-by-n component is used)
b     - n-by-n matrix
ddiag - n-vector, diagonal elements of D
delta - positive scalar, specifies scale of enorm(Dx)
par0  - positive scalar, initial estimate of the LM parameter

Returns:
par    - positive scalar, final estimate of LM parameter
x      - n-vector, least-squares solution of LM equation
dxnorm - positive scalar, enorm (D x)
relnormdiff - scalar, (dxnorm - delta) / delta, maybe abs-ified

This routine computes the Levenberg-Marquardt parameter 'par' and a LM
solution vector 'x'. Given an n-by-n matrix A, an n-by-n nonsingular
diagonal matrix D, an m-vector B, and a positive number delta, the
problem is to determine values such that 'x' is the least-squares
solution to

 A x = B
 sqrt(par) * D x = 0

and either

 (1) par = 0, dxnorm - delta <= 0.1 delta or
 (2) par > 0 and |dxnorm - delta| <= 0.1 delta

where dxnorm = enorm (D x).
"""
    a = np.asarray (a, dtype)
    b = np.asarray (b, dtype)
    ddiag = np.asarray (ddiag, dtype)

    n, m = a.shape
    assert m >= n
    assert b.shape == (m, )
    assert ddiag.shape == (n, )

    q, r, pmut = _qr_factor_full (a)
    bqt = np.dot (b, q.T)
    par, x = _lm_solve (r, pmut, ddiag, bqt, delta, par0,
                        enorm_mpfit_careful, np.finfo (dtype))
    dxnorm = enorm_mpfit_careful (ddiag * x, np.finfo (dtype))
    relnormdiff = (dxnorm - delta) / delta

    if par > 0:
        relnormdiff = abs (relnormdiff)

    return par, x, dxnorm, relnormdiff


def _calc_covariance (r, pmut, tol=1e-14):
    """Calculate the covariance matrix of the fitted parameters

Parameters:
r    - n-by-n matrix, the full upper triangle of R
pmut - n-vector, defines the permutation of R
tol  - scalar, relative column scale for determining rank
       deficiency. Default 1e-14.

Returns:
cov  - n-by-n matrix, the covariance matrix C

Given an n-by-n matrix A, the corresponding covariance matrix
is

  C = inverse(A^T A)

This routine is given information relating to the pivoted transposed
QR factorization of A, which is defined by matrices such that

 A P = R Q

where P is a permutation matrix, Q has orthogonal rows, and R is a
lower triangular matrix with diagonal elements of nonincreasing
magnitude. In particular we take the full lower triangle of R ('r')
and a vector describing P ('pmut'). The covariance matrix is then

 C = P inverse(R^T R) P^T

If A is nearly rank-deficient, it may be desirable to compute the
covariance matrix corresponding to the linearly-independent columns of
A. We use a tolerance, 'tol', to define the numerical rank of A. If j
is the largest integer such that |R[j,j]| > tol*|R[0,0]|, then we
compute the covariance matrix for the first j columns of R. For k > j,
the corresponding covariance entries (pmut[k]) are set to zero.
"""
    # This routine could save an allocation by operating on r in-place,
    # which might be worthwhile for large n, and is what the original
    # Fortran does.

    n = r.shape[1]
    assert r.shape[0] >= n
    r = r.copy ()

    # Form the inverse of R in the full lower triangle of R.

    jrank = -1
    abstol = tol * abs(r[0,0])

    for i in xrange (n):
        if abs (r[i,i]) <= abstol:
            break

        r[i,i] **= -1

        for j in xrange (i):
            temp = r[i,i] * r[i,j]
            r[i,j] = 0.
            r[i,:j+1] -= temp * r[j,:j+1]

        jrank = i

    # Form the full lower triangle of the inverse(R^T R) in the full
    # lower triangle of R.

    for i in xrange (jrank + 1):
        for j in xrange (i):
            r[j,:j+1] += r[i,j] * r[i,:j+1]
        r[i,:i+1] *= r[i,i]

    # Form the full upper triangle of the covariance matrix in the
    # strict upper triangle of R and in wa.

    wa = np.empty (n)
    wa.fill (r[0,0])

    for i in xrange (n):
        pi = pmut[i]
        sing = i > jrank

        for j in xrange (i + 1):
            if sing:
                r[i,j] = 0.

            pj = pmut[j]
            if pj > pi:
                r[pi,pj] = r[i,j]
            elif pj < pi:
                r[pj,pi] = r[i,j]

        wa[pi] = r[i,i]

    # Symmetrize.

    for i in xrange (n):
        r[i,:i+1] = r[:i+1,i]
        r[i,i] = wa[i]

    return r


# The actual user interface to the problem-solving machinery:

[docs]class Solution (object):
    """A parameter solution from the Levenberg-Marquard algorithm. Attributes:

    ndof   - The number of degrees of freedom in the problem.
    prob   - The `Problem`.
    status - A set of strings indicating which stop condition(s) arose.
    niter  - The number of iterations needed to obtain the solution.
    perror - The 1σ errors on the final parameters.
    params - The final best-fit parameters.
    covar  - The covariance of the function parameters.
    fnorm  - The final function norm.
    fvec   - The final function outputs.
    fjac   - The final Jacobian.
    nfev   - The number of function evaluations needed to obtain the solution.
    njev   - The number of Jacobian evaluations needed to obtain the solution.

    The presence of 'ftol', 'gtol', or 'xtol' in `status` suggests success.

    """
    ndof = None
    prob = None
    status = None
    niter = None
    perror = None
    params = None
    covar = None
    fnorm = None
    fvec = None
    fjac = None
    nfev = -1
    njev = -1

    def __init__ (self, prob):
        self.prob = prob



[docs]class Problem (object):
    """A Levenberg-Marquardt problem to be solved. Attributes:

    damp
      Tanh damping factor of extreme function values.
    debug_calls
      If true, information about function calls is printed.
    debug_jac
      If true, information about jacobian calls is printed.
    diag
      Scale factors for parameter derivatives, used to condition
      the problem.
    epsilon
      The floating-point epsilon value, used to determine step
      sizes in automatic Jacobian computation.
    factor
      The step bound is `factor` times the initial value times `diag`.
    ftol
      The relative error desired in the sum of squares.
    gtol
      The orthogonality desired between the function vector and
      the columns of the Jacobian.
    maxiter
      The maximum number of iterations allowed.
    normfunc
      A function to compute the norm of a vector.
    solclass
      A factory for Solution instances.
    xtol
      The relative error desired in the approximate solution.

    Methods:

    copy
      Duplicate this `Problem`.
    get_ndof
      Get the number of degrees of freedom in the problem.
    get_nfree
      Get the number of free parameters (fixed/tied/etc pars are not free).
    p_value
      Set the initial or fixed value of a parameter.
    p_limit
      Set limits on parameter values.
    p_step
      Set the stepsize for a parameter.
    p_side
      Set the sidedness with which auto-derivatives are computed for a par.
    p_tie
      Set a parameter to be a function of other parameters.
    set_func
      Set the function to be optimized.
    set_npar
      Set the number of parameters; allows p_* to be called.
    set_residual_func
      Set the function to a standard model-fitting style.
    solve
      Run the algorithm.
    solve_scipy
      Run the algorithm using the Scipy implementation (for testing).

    """
    _yfunc = None
    _jfunc = None
    _npar = None
    _nout = None

    _pinfof = None
    _pinfoo = None
    _pinfob = None

    # These ones are set in _fixup_check
    _ifree = None
    _anytied = None

    # Public fields, settable by user at will

    solclass = None

    ftol = 1e-10
    xtol = 1e-10
    gtol = 1e-10
    damp = 0.
    factor = 100.
    epsilon = None

    maxiter = 200
    normfunc = None

    diag = None

    debug_calls = False
    debug_jac = False


    def __init__ (self, npar=None, nout=None, yfunc=None, jfunc=None,
                  solclass=Solution):
        if npar is not None:
            self.set_npar (npar)
        if yfunc is not None:
            self.set_func (nout, yfunc, jfunc)

        if not issubclass (solclass, Solution):
            raise ValueError ('solclass')

        self.solclass = solclass


    # The parameters and their metadata -- can be configured without
    # setting nout or the functions.

    def set_npar (self, npar):
        try:
            npar = int (npar)
            assert npar > 0
        except Exception:
            raise ValueError ('npar must be a positive integer')

        if self._npar is not None and self._npar == npar:
            return self

        newinfof = p = np.ndarray ((PI_NUM_F, npar), dtype=np.float)
        p[PI_F_VALUE] = np.nan
        p[PI_F_LLIMIT] = -np.inf
        p[PI_F_ULIMIT] = np.inf
        p[PI_F_STEP] = 0.
        p[PI_F_MAXSTEP] = np.inf

        newinfoo = p = np.ndarray ((PI_NUM_O, npar), dtype=np.object)
        p[PI_O_TIEFUNC] = None

        newinfob = p = np.ndarray (npar, dtype=np.int)
        p[:] = 0

        if self._npar is not None:
            overlap = min (self._npar, npar)
            newinfof[:,:overlap] = self._pinfof[:,:overlap]
            newinfoo[:,:overlap] = self._pinfoo[:,:overlap]
            newinfob[:overlap] = self._pinfob[:overlap]

        self._pinfof = newinfof
        self._pinfoo = newinfoo
        self._pinfob = newinfob
        # Return self for easy chaining of calls.
        self._npar = npar
        return self


    def _setBit (self, idx, mask, cond):
        p = self._pinfob
        p[idx] = (p[idx] & ~mask) | np.where (cond, mask, 0x0)


    def _getBits (self, mask):
        return np.where (self._pinfob & mask, True, False)


    def p_value (self, idx, value, fixed=False):
        if anynotfinite (value):
            raise ValueError ('value')

        self._pinfof[PI_F_VALUE,idx] = value
        self._setBit (idx, PI_M_FIXED, fixed)
        return self


    def p_limit (self, idx, lower=-np.inf, upper=np.inf):
        if np.any (lower > upper):
            raise ValueError ('lower/upper')

        self._pinfof[PI_F_LLIMIT,idx] = lower
        self._pinfof[PI_F_ULIMIT,idx] = upper

        # Try to be clever here -- setting lower = upper
        # marks the parameter as fixed.

        w = np.where (lower == upper)
        if len (w) and w[0].size:
            self.p_value (w, np.atleast_1d (lower)[w], True)

        return self


    def p_step (self, idx, step, maxstep=np.inf, isrel=False):
        if np.any (np.isinf (step)):
            raise ValueError ('step')
        if np.any ((step > maxstep) & ~isrel):
            raise ValueError ('step > maxstep')

        self._pinfof[PI_F_STEP,idx] = step
        self._pinfof[PI_F_MAXSTEP,idx] = maxstep
        self._setBit (idx, PI_M_RELSTEP, isrel)
        return self


[docs]    def p_side (self, idx, sidedness):
        """Acceptable values for *sidedness* are "auto", "pos",
        "neg", and "two"."""
        dsideval = _dside_names.get (sidedness)
        if dsideval is None:
            raise ValueError ('unrecognized sidedness "%s"' % sidedness)

        p = self._pinfob
        p[idx] = (p[idx] & ~PI_M_SIDE) | dsideval
        return self



    def p_tie (self, idx, tiefunc):
        t1 = np.atleast_1d (tiefunc)
        if not np.all ([x is None or callable (x) for x in t1]):
            raise ValueError ('tiefunc')

        self._pinfoo[PI_O_TIEFUNC,idx] = tiefunc
        return self


    def _check_param_config (self):
        if self._npar is None:
            raise ValueError ('no npar yet')

        p = self._pinfof

        if np.any (np.isinf (p[PI_F_VALUE])):
            # note: this allows NaN param values, in which case we'll
            # check in solve() that it's been given valid parameters
            # as arguments.
            raise ValueError ('some specified initial values infinite')

        if np.any (np.isinf (p[PI_F_STEP])):
            raise ValueError ('some specified parameter steps infinite')

        if np.any ((p[PI_F_STEP] > p[PI_F_MAXSTEP]) & ~self._getBits (PI_M_RELSTEP)):
            raise ValueError ('some specified steps bigger than specified maxsteps')

        if np.any (p[PI_F_LLIMIT] > p[PI_F_ULIMIT]):
            raise ValueError ('some param lower limits > upper limits')

        for i in xrange (p.shape[1]):
            v = p[PI_F_VALUE,i]

            if np.isnan (v):
                continue # unspecified param ok; but comparisons will issue warnings
            if v < p[PI_F_LLIMIT,i]:
                raise ValueError ('parameter #%d value below its lower limit' % i)
            if v > p[PI_F_ULIMIT,i]:
                raise ValueError ('parameter #%d value above its upper limit' % i)

        p = self._pinfoo

        if not np.all ([x is None or callable (x) for x in p[PI_O_TIEFUNC]]):
            raise ValueError ('some tied values not None or callable')

        # And compute some useful arrays. A tied parameter counts as fixed.

        tied = np.asarray ([x is not None for x in self._pinfoo[PI_O_TIEFUNC]])
        self._anytied = np.any (tied)
        self._ifree = np.where (-(self._getBits (PI_M_FIXED) | tied))[0]


    def get_nfree (self):
        self._check_param_config ()
        return self._ifree.size


    # Now, the function and the constraint values

    def set_func (self, nout, yfunc, jfunc):
        try:
            nout = int (nout)
            assert nout > 0
            # Do not check that nout >= npar here, since
            # the user may wish to fix parameters, which
            # could make the problem tractable after all.
        except:
            raise ValueError ('nout')

        if not callable (yfunc):
            raise ValueError ('yfunc')

        if jfunc is None:
            self._get_jacobian = self._get_jacobian_automatic
        else:
            if not callable (jfunc):
                raise ValueError ('jfunc')
            self._get_jacobian = self._get_jacobian_explicit

        self._nout = nout
        self._yfunc = yfunc
        self._jfunc = jfunc
        self._nfev = 0
        self._njev = 0
        return self


    def set_residual_func (self, yobs, errinv, yfunc, jfunc, reckless=False):
        from numpy import subtract, multiply

        self._check_param_config ()
        npar = self._npar

        if anynotfinite (errinv):
            raise ValueError ('some inverse errors are nonfinite')

        # FIXME: handle yobs.ndim != 1 and/or yobs being complex

        if reckless:
            def ywrap (pars, nresids):
                yfunc (pars, nresids) # model Y values => nresids
                subtract (yobs, nresids, nresids) # abs. residuals => nresids
                multiply (nresids, errinv, nresids)
            def jwrap (pars, jac):
                jfunc (pars, jac)
                multiply (jac, -1, jac)
                jac *= errinv # broadcasts how we want
        else:
            def ywrap (pars, nresids):
                yfunc (pars, nresids)
                if anynotfinite (nresids):
                    raise RuntimeError ('function returned nonfinite values')
                subtract (yobs, nresids, nresids)
                multiply (nresids, errinv, nresids)
            def jwrap (pars, jac):
                jfunc (pars, jac)
                if anynotfinite (jac):
                    raise RuntimeError ('jacobian returned nonfinite values')
                multiply (jac, -1, jac)
                jac *= errinv

        if jfunc is None:
            jwrap = None

        return self.set_func (yobs.size, ywrap, jwrap)


    def _fixup_check (self, dtype):
        self._check_param_config ()

        if self._nout is None:
            raise ValueError ('no nout yet')

        if self._nout < self._npar - self._ifree.size:
            raise RuntimeError ('too many free parameters')

        # Coerce parameters to desired types

        self.ftol = float (self.ftol)
        self.xtol = float (self.xtol)
        self.gtol = float (self.gtol)
        self.damp = float (self.damp)
        self.factor = float (self.factor)

        if self.epsilon is None:
            self.epsilon = np.finfo (dtype).eps
        else:
            self.epsilon = float (self.epsilon)

        self.maxiter = int (self.maxiter)
        self.debug_calls = bool (self.debug_calls)
        self.debug_jac = bool (self.debug_jac)

        if self.diag is not None:
            self.diag = np.atleast_1d (np.asarray (self.diag, dtype=np.float))

            if self.diag.shape != (self._npar, ):
                raise ValueError ('diag')
            if np.any (self.diag <= 0.):
                raise ValueError ('diag')

        if self.normfunc is None:
            self.normfunc = enorm_mpfit_careful
        elif not callable (self.normfunc):
            raise ValueError ('normfunc must be a callable or None')

        # Bounds and type checks

        if not issubclass (self.solclass, Solution):
            raise ValueError ('solclass')

        if self.ftol < 0.:
            raise ValueError ('ftol')

        if self.xtol < 0.:
            raise ValueError ('xtol')

        if self.gtol < 0.:
            raise ValueError ('gtol')

        if self.damp < 0.:
            raise ValueError ('damp')

        if self.maxiter < 1:
            raise ValueError ('maxiter')

        if self.factor <= 0.:
            raise ValueError ('factor')

        # Consistency checks

        if self._jfunc is not None and self.damp > 0:
            raise ValueError ('damping factor not allowed when using '
                              'explicit derivatives')


    def get_ndof (self):
        self._fixup_check (np.float) # dtype is irrelevant here
        return self._nout - self._ifree.size


    def copy (self):
        n = Problem (self._npar, self._nout, self._yfunc, self._jfunc,
                     self.solclass)

        if self._pinfof is not None:
            n._pinfof = self._pinfof.copy ()
            n._pinfoo = self._pinfoo.copy ()
            n._pinfob = self._pinfob.copy ()

        if self.diag is not None:
            n.diag = self.diag.copy ()

        n.ftol = self.ftol
        n.xtol = self.xtol
        n.gtol = self.gtol
        n.damp = self.damp
        n.factor = self.factor
        n.epsilon = self.epsilon
        n.maxiter = self.maxiter
        n.normfunc = self.normfunc
        n.debug_calls = self.debug_calls
        n.debug_jac = self.debug_jac

        return n


    # Actual implementation code!

    def _ycall (self, params, vec):
        if self._anytied:
            self._apply_ties (params)

        self._nfev += 1

        if self.debug_calls:
            print ('Call: #%4d f(%s) ->' % (self._nfev, params), end='')
        self._yfunc (params, vec)
        if self.debug_calls:
            print (vec)

        if self.damp > 0:
            np.tanh (vec / self.damp, vec)


    def solve (self, initial_params=None, dtype=np.float):
        from numpy import any, clip, dot, isfinite, sqrt, where

        self._fixup_check (dtype)
        ifree = self._ifree
        ycall = self._ycall
        n = ifree.size # number of free params; we try to allow n = 0

        # Set up initial values. These can either be specified via the
        # arguments to this function, or set implicitly with calls to
        # p_value() and p_limit (). Former overrides the latter. (The
        # intent of this flexibility is that if you compose a problem
        # out of several independent pieces, the caller of solve()
        # might not know good initial guesses for all of the
        # parameters. The modules responsible for each piece could set
        # up good default values with p_value independently.)

        if initial_params is not None:
            initial_params = np.atleast_1d (np.asarray (initial_params, dtype=dtype))
        else:
            initial_params = self._pinfof[PI_F_VALUE]

        if initial_params.size != self._npar:
            raise ValueError ('expected exactly %d parameters, got %d'
                              % (self._npar, initial_params.size))

        initial_params = initial_params.copy () # make sure not to modify arg
        w = where (self._pinfob & PI_M_FIXED)
        initial_params[w] = self._pinfof[PI_F_VALUE,w]

        if anynotfinite (initial_params):
            raise ValueError ('some nonfinite initial parameter values')

        dtype = initial_params.dtype
        finfo = np.finfo (dtype)
        params = initial_params.copy ()
        x = params[ifree] # x is the free subset of our parameters

        # Steps for numerical derivatives
        isrel = self._getBits (PI_M_RELSTEP)
        dside = self._pinfob & PI_M_SIDE
        maxstep = self._pinfof[PI_F_MAXSTEP,ifree]
        whmaxstep = where (isfinite (maxstep))
        anymaxsteps = whmaxstep[0].size > 0

        # Which parameters have limits?

        hasulim = isfinite (self._pinfof[PI_F_ULIMIT,ifree])
        ulim = self._pinfof[PI_F_ULIMIT,ifree]
        hasllim = isfinite (self._pinfof[PI_F_LLIMIT,ifree])
        llim = self._pinfof[PI_F_LLIMIT,ifree]
        anylimits = any (hasulim) or any (hasllim)

        # Init fnorm

        enorm = self.normfunc
        fnorm1 = -1.
        fvec = np.ndarray (self._nout, dtype)
        fullfjac = np.zeros ((self._npar, self._nout), finfo.dtype)
        fjac = fullfjac[:n]
        ycall (params, fvec)
        fnorm = enorm (fvec, finfo)

        # Initialize Levenberg-Marquardt parameter and
        # iteration counter.

        par = 0.
        niter = 1
        fqt = x * 0.
        status = set ()

        # Outer loop top.

        while True:
            params[ifree] = x

            if self._anytied:
                self._apply_ties (params)

            self._get_jacobian (params, fvec, fullfjac, ulim, dside, maxstep, isrel, finfo)

            if anylimits:
                # Check for parameters pegged at limits
                whlpeg = where (hasllim & (x == llim))[0]
                nlpeg = len (whlpeg)
                whupeg = where (hasulim & (x == ulim))[0]
                nupeg = len (whupeg)

                if nlpeg:
                    # Check total derivative of sum wrt lower-pegged params
                    for i in xrange (nlpeg):
                        if dot (fjac[whlpeg[i]], fvec) > 0:
                            fjac[whlpeg[i]] = 0
                if nupeg:
                    for i in xrange (nupeg):
                        if dot (fjac[whupeg[i]], fvec) < 0:
                            fjac[whupeg[i]] = 0

            # Compute QR factorization of the Jacobian
            # wa1: "rdiag", diagonal part of R matrix, pivoting applied
            # wa2: "acnorm", unpermuted row norms of fjac
            # fjac: overwritten with Q and R matrix info, pivoted
            pmut, wa1, wa2 = _qr_factor_packed (fjac, enorm, finfo)

            if niter == 1:
                # If "diag" unspecified, scale according to norms of rows
                # of the initial jacobian
                if self.diag is not None:
                    diag = self.diag.copy ()
                else:
                    diag = wa2.copy ()
                    diag[where (diag == 0)] = 1.

                # Calculate norm of scaled x, initialize step bound delta
                xnorm = enorm (diag * x, finfo)
                delta = self.factor * xnorm
                if delta == 0.:
                    delta = self.factor

            # Compute fvec * (q.T), store the first n components in fqt

            wa4 = fvec.copy ()

            for j in xrange (n):
                temp3 = fjac[j,j]
                if temp3 != 0:
                    fj = fjac[j,j:]
                    wj = wa4[j:]
                    wa4[j:] = wj - fj * dot (wj, fj) / temp3
                fjac[j,j] = wa1[j]
                fqt[j] = wa4[j]

            # Only the n-by-n part of fjac is important now, and this
            # test will probably be cheap since usually n << m.

            if anynotfinite (fjac[:,:n]):
                raise RuntimeError ('nonfinite terms in Jacobian matrix')

            # Calculate the norm of the scaled gradient

            gnorm = 0.
            if fnorm != 0:
                for j in xrange (n):
                    l = pmut[j]
                    if wa2[l] != 0:
                        s = dot (fqt[:j+1], fjac[j,:j+1]) / fnorm
                        gnorm = max (gnorm, abs (s / wa2[l]))

            # Test for convergence of gradient norm

            if gnorm <= self.gtol:
                status.add ('gtol')
                break

            if self.diag is None:
                diag = np.maximum (diag, wa2)

            # Inner loop
            while True:
                # Get Levenberg-Marquardt parameter. fjac is modified in-place
                par, wa1 = _lm_solve (fjac, pmut, diag, fqt, delta, par,
                                      enorm, finfo)
                # "Store the direction p and x+p. Calculate the norm of p"
                wa1 *= -1
                alpha = 1.

                if not anylimits and not anymaxsteps:
                    # No limits applied, so just move to new position
                    wa2 = x + wa1
                else:
                    if anylimits:
                        if nlpeg:
                            wa1[whlpeg] = clip (wa1[whlpeg], 0., max (wa1))
                        if nupeg:
                            wa1[whupeg] = clip (wa1[whupeg], min (wa1), 0.)

                        dwa1 = abs (wa1) > finfo.eps
                        whl = where ((dwa1 != 0.) & hasllim & ((x + wa1) < llim))

                        if len (whl[0]):
                            t = (llim[whl] - x[whl]) / wa1[whl]
                            alpha = min (alpha, t.min ())

                        whu = where ((dwa1 != 0.) & hasulim & ((x + wa1) > ulim))

                        if len (whu[0]):
                            t = (ulim[whu] - x[whu]) / wa1[whu]
                            alpha = min (alpha, t.min ())

                    if anymaxsteps:
                        nwa1 = wa1 * alpha
                        mrat = np.abs (nwa1[whmaxstep] / maxstep[whmaxstep]).max ()
                        if mrat > 1:
                            alpha /= mrat

                    # Scale resulting vector
                    wa1 *= alpha
                    wa2 = x + wa1

                    # Adjust final output values: if we're supposed to be
                    # exactly on a boundary, make it exact.
                    wh = where (hasulim & (wa2 >= ulim * (1 - finfo.eps)))
                    if len (wh[0]):
                        wa2[wh] = ulim[wh]
                    wh = where (hasllim & (wa2 <= llim * (1 + finfo.eps)))
                    if len (wh[0]):
                        wa2[wh] = llim[wh]

                wa3 = diag * wa1
                pnorm = enorm (wa3, finfo)

                # On first iter, also adjust initial step bound
                if niter == 1:
                    delta = min (delta, pnorm)

                params[ifree] = wa2

                # Evaluate func at x + p and calculate norm

                ycall (params, wa4)
                fnorm1 = enorm (wa4, finfo)

                # Compute scaled actual reductions

                actred = -1.
                if 0.1 * fnorm1 < fnorm:
                    actred = 1 - (fnorm1 / fnorm)**2

                # Compute scaled predicted reduction and scaled directional
                # derivative

                for j in xrange (n):
                    wa3[j] = 0
                    wa3[:j+1] = wa3[:j+1] + fjac[j,:j+1] * wa1[pmut[j]]

                # "Remember, alpha is the fraction of the full LM step actually
                # taken."

                temp1 = enorm (alpha * wa3, finfo) / fnorm
                temp2 = sqrt (alpha * par) * pnorm / fnorm
                prered = temp1**2 + 2 * temp2**2
                dirder = -(temp1**2 + temp2**2)

                # Compute ratio of the actual to the predicted reduction.
                ratio = 0.
                if prered != 0:
                    ratio = actred / prered

                # Update the step bound

                if ratio <= 0.25:
                    if actred >= 0:
                        temp = 0.5
                    else:
                        temp = 0.5 * dirder / (dirder + 0.5 * actred)

                    if 0.1 * fnorm1 >= fnorm or temp < 0.1:
                        temp = 0.1

                    delta = temp * min (delta, 10 * pnorm)
                    par /= temp
                elif par == 0 or ratio >= 0.75:
                    delta = 2 * pnorm
                    par *= 0.5

                if ratio >= 0.0001:
                    # Successful iteration.
                    x = wa2
                    wa2 = diag * x
                    fvec = wa4
                    xnorm = enorm (wa2, finfo)
                    fnorm = fnorm1
                    niter += 1

                # Check for convergence

                if abs (actred) <= self.ftol and prered <= self.ftol and ratio <= 2:
                    status.add ('ftol')

                if delta <= self.xtol * xnorm:
                    status.add ('xtol')

                # Check for termination, "stringent tolerances"

                if niter >= self.maxiter:
                    status.add ('maxiter')

                if abs (actred) <= finfo.eps and prered <= finfo.eps and ratio <= 2:
                    status.add ('feps')

                if delta <= finfo.eps * xnorm:
                    status.add ('xeps')

                if gnorm <= finfo.eps:
                    status.add ('geps')

                # Repeat loop if iteration
                # unsuccessful. "Unsuccessful" means that the ratio of
                # actual to predicted norm reduction is less than 1e-4
                # and none of the stopping criteria were met.
                if ratio >= 0.0001 or len (status):
                    break

            if len (status):
                break

            if anynotfinite (wa1):
                raise RuntimeError ('overflow in wa1')
            if anynotfinite (wa2):
                raise RuntimeError ('overflow in wa2')
            if anynotfinite (x):
                raise RuntimeError ('overflow in x')

        # End outer loop. Finalize params, fvec, and fnorm

        if n == 0:
            params = initial_params.copy ()
        else:
            params[ifree] = x

        ycall (params, fvec)
        fnorm = enorm (fvec, finfo)
        fnorm = max (fnorm, fnorm1)
        fnorm **= 2

        # Covariance matrix. Nonfree parameters get zeros. Fill in
        # everything else if possible. TODO: I don't understand the
        # "covar = None" branch

        covar = np.zeros ((self._npar, self._npar), dtype)

        if n > 0:
            sz = fjac.shape

            if sz[0] < n or sz[1] < n or len (pmut) < n:
                covar = None
            else:
                cv = _calc_covariance (fjac[:,:n], pmut[:n])
                cv.shape = (n, n)

                for i in xrange (n): # can't do 2D fancy indexing
                    covar[ifree[i],ifree] = cv[i]

        # Errors in parameters from the diagonal of covar.

        perror = None

        if covar is not None:
            perror = np.zeros (self._npar, dtype)
            d = covar.diagonal ()
            wh = where (d >= 0)
            perror[wh] = sqrt (d[wh])

        # Export results and we're done.

        soln = self.solclass (self)
        soln.ndof = self.get_ndof ()
        soln.status = status
        soln.niter = niter
        soln.params = params
        soln.covar = covar
        soln.perror = perror
        soln.fnorm = fnorm
        soln.fvec = fvec
        soln.fjac = fjac
        soln.nfev = self._nfev
        soln.njev = self._njev
        return soln


    def _get_jacobian_explicit (self, params, fvec, fjacfull, ulimit,
                                dside, maxstep, isrel, finfo):
        self._njev += 1

        if self.debug_calls:
            print ('Call: #%4d j(%s) ->' % (self._njev, params), end='')
        self._jfunc (params, fjacfull)
        if self.debug_calls:
            print (fjacfull)

        # Condense down to contain only the rows relevant to the free
        # parameters. We actually copy the data here instead of using fancy
        # indexing since this condensed matrix will be used a lot.

        ifree = self._ifree

        if ifree.size < self._npar:
            for i in xrange (ifree.size):
                fjacfull[i] = fjacfull[ifree[i]]


    def _get_jacobian_automatic (self, params, fvec, fjacfull, ulimit,
                                 dside, maxstep, isrel, finfo):
        eps = np.sqrt (max (self.epsilon, finfo.eps))
        ifree = self._ifree
        x = params[ifree]
        m = len (fvec)
        n = len (x)
        h = eps * np.abs (x)

        # Apply any fixed steps, absolute and relative.
        stepi = self._pinfof[PI_F_STEP,ifree]
        wh = np.where (stepi > 0)
        h[wh] = stepi[wh] * np.where (isrel[ifree[wh]], x[wh], 1.)

        # Clamp stepsizes to maxstep.
        np.minimum (h, maxstep, h)

        # Make sure no zero step values
        h[np.where (h == 0)] = eps

        # Reverse sign of step if against a parameter limit or if
        # backwards-sided derivative

        mask = (dside == DSIDE_NEG)[ifree]
        if ulimit is not None:
            mask |= x > ulimit - h
        wh = np.where (mask)
        h[wh] = -h[wh]

        if self.debug_jac:
            print ('Jac-:', h)

        # Compute derivative for each parameter

        fp = np.empty (self._nout, dtype=finfo.dtype)
        fm = np.empty (self._nout, dtype=finfo.dtype)

        for i in xrange (n):
            xp = params.copy ()
            xp[ifree[i]] += h[i]
            self._ycall (xp, fp)

            if dside[i] != DSIDE_TWO:
                # One-sided derivative
                fjacfull[i] = (fp - fvec) / h[i]
            else:
                # Two-sided ... extra func call
                xp[ifree[i]] = params[ifree[i]] - h[i]
                self._ycall (xp, fm)
                fjacfull[i] = (fp - fm) / (2 * h[i])

        if self.debug_jac:
            for i in xrange (n):
                print ('Jac :', fjacfull[i])


    def _manual_jacobian (self, params, dtype=np.float):
        self._fixup_check (dtype)

        ifree = self._ifree

        params = np.atleast_1d (np.asarray (params, dtype))
        fvec = np.empty (self._nout, dtype)
        fjacfull = np.empty ((self._npar, self._nout), dtype)
        ulimit = self._pinfof[PI_F_ULIMIT,ifree]
        dside = self._pinfob & PI_M_SIDE
        maxstep = self._pinfof[PI_F_MAXSTEP,ifree]
        isrel = self._getBits (PI_M_RELSTEP)
        finfo = np.finfo (dtype)

        # Before we can evaluate the Jacobian, we need to get the initial
        # value of the function at the specified position. Note that in the
        # real algorithm, _apply_ties is always called before _get_jacobian.

        self._ycall (params, fvec)
        self._get_jacobian (params, fvec, fjacfull, ulimit, dside, maxstep, isrel, finfo)
        return fjacfull[:ifree.size]


    def _apply_ties (self, params):
        funcs = self._pinfoo[PI_O_TIEFUNC]

        for i in xrange (self._npar):
            if funcs[i] is not None:
                params[i] = funcs[i] (params)


    def solve_scipy (self, initial_params=None, dtype=np.float, strict=True):
        from numpy import any, clip, dot, isfinite, sqrt, where
        self._fixup_check (dtype)

        if strict:
            if self._ifree.size != self._npar:
                raise RuntimeError ('can only use scipy layer with no ties '
                                    'or fixed params')
            if any (isfinite (self._pinfof[PI_F_ULIMIT]) |
                    isfinite (self._pinfof[PI_F_LLIMIT])):
                raise RuntimeError ('can only use scipy layer with no '
                                    'parameter limits')

        from scipy.optimize import leastsq

        if initial_params is not None:
            initial_params = np.atleast_1d (np.asarray (initial_params, dtype=dtype))
        else:
            initial_params = self._pinfof[PI_F_VALUE]

        if initial_params.size != self._npar:
            raise ValueError ('expected exactly %d parameters, got %d'
                              % (self._npar, initial_params.size))

        if anynotfinite (initial_params):
            raise ValueError ('some nonfinite initial parameter values')

        dtype = initial_params.dtype
        finfo = np.finfo (dtype)

        def sofunc (pars):
            y = np.empty (self._nout, dtype=dtype)
            self._yfunc (pars, y)
            return y

        if self._jfunc is None:
            sojac = None
        else:
            def sojac (pars):
                j = np.empty ((self._npar, self._nout), dtype=dtype)
                self._jfunc (pars, j)
                return j.T

        t = leastsq (sofunc, initial_params, Dfun=sojac, full_output=1,
                     ftol=self.ftol, xtol=self.xtol, gtol=self.gtol,
                     maxfev=self.maxiter, # approximate
                     epsfcn=self.epsilon, factor=self.factor, diag=self.diag,
                     warning=False)

        covar = t[1]
        perror = None

        if covar is not None:
            perror = np.zeros (self._npar, dtype)
            d = covar.diagonal ()
            wh = where (d >= 0)
            perror[wh] = sqrt (d[wh])

        soln = self.solclass (self)
        soln.ndof = self.get_ndof ()
        soln.status = set (('scipy', ))
        soln.scipy_mesg = t[3]
        soln.scipy_ier = t[4]
        soln.niter = t[2]['nfev'] # approximate
        soln.params = t[0]
        soln.covar = covar
        soln.perror = perror
        soln.fvec = t[2]['fvec']
        soln.fnorm = enorm_minpack (soln.fvec, finfo)**2
        soln.fjac = t[2]['fjac'].T
        soln.nfev = t[2]['nfev']
        soln.njev = 0 # could compute when given explicit derivative ...
        return soln



def check_derivative (npar, nout, yfunc, jfunc, guess):
    explicit = np.empty ((npar, nout))
    jfunc (guess, explicit)

    p = Problem (npar, nout, yfunc, None)
    auto = p._manual_jacobian (guess)

    return explicit, auto


def ResidualProblem (npar, yobs, errinv, yfunc, jfunc,
                     solclass=Solution, reckless=False):
    p = Problem (solclass=solclass)
    p.set_npar (npar)
    p.set_residual_func (yobs, errinv, yfunc, jfunc, reckless=reckless)
    return p


# Test!


@test
def _solve_linear ():
    x = np.asarray ([1, 2, 3])
    y = 2 * x + 1

    from numpy import multiply, add

    def f (pars, ymodel):
        multiply (x, pars[0], ymodel)
        add (ymodel, pars[1], ymodel)

    p = ResidualProblem (2, y, 100, f, None)
    return p.solve ([2.5, 1.5])

@test
def _simple_automatic_jac ():
    def f (pars, vec):
        np.exp (pars, vec)

    p = Problem (1, 1, f, None)
    j = p._manual_jacobian (0)
    Taaae (j, [[1.]])
    j = p._manual_jacobian (1)
    Taaae (j, [[np.e]])

    p = Problem (3, 3, f, None)
    x = np.asarray ([0, 1, 2])
    j = p._manual_jacobian (x)
    Taaae (j, np.diag (np.exp (x)))

@test
def _jac_sidedness ():
    # Make a function with a derivative discontinuity so we can test
    # the sidedness settings.

    def f (pars, vec):
        p = pars[0]

        if p >= 0:
            vec[:] = p
        else:
            vec[:] = -p

    p = Problem (1, 1, f, None)

    # Default: positive unless against upper limit.
    Taaae (p._manual_jacobian (0), [[1.]])

    # DSIDE_AUTO should be the default.
    p.p_side (0, 'auto')
    Taaae (p._manual_jacobian (0), [[1.]])

    # DSIDE_POS should be equivalent here.
    p.p_side (0, 'pos')
    Taaae (p._manual_jacobian (0), [[1.]])

    # DSIDE_NEG should get the other side of the discont.
    p.p_side (0, 'neg')
    Taaae (p._manual_jacobian (0), [[-1.]])

    # DSIDE_AUTO should react to an upper limit and take
    # a negative-step derivative.
    p.p_side (0, 'auto')
    p.p_limit (0, upper=0)
    Taaae (p._manual_jacobian (0), [[-1.]])

@test
def _jac_stepsizes ():
    def f (expstep, pars, vec):
        p = pars[0]

        if p != 1.:
            Taae (p, expstep)

        vec[:] = 1

    # Fixed stepsize of 1.
    p = Problem (1, 1, lambda p, v: f (2., p, v), None)
    p.p_step (0, 1.)
    p._manual_jacobian (1)

    # Relative stepsize of 0.1
    p = Problem (1, 1, lambda p, v: f (1.1, p, v), None)
    p.p_step (0, 0.1, isrel=True)
    p._manual_jacobian (1)

    # Fixed stepsize must be less than max stepsize.
    try:
        p = Problem (2, 2, f, None)
        p.p_step ((0, 1), (1, 1), (1, 0.5))
        assert False, 'Invalid arguments accepted'
    except ValueError:
        pass

    # Maximum stepsize, made extremely small to be enforced
    # in default circumstances.
    p = Problem (1, 1, lambda p, v: f (1 + 1e-11, p, v), None)
    p.p_step (0, 0.0, 1e-11)
    p._manual_jacobian (1)

    # Maximum stepsize and a relative stepsize
    p = Problem (1, 1, lambda p, v: f (1.1, p, v), None)
    p.p_step (0, 0.5, 0.1, True)
    p._manual_jacobian (1)


# lmder1 / lmdif1 test cases

def _lmder1_test (nout, func, jac, guess):
    finfo = np.finfo (np.float)
    tol = np.sqrt (finfo.eps)
    guess = np.asfarray (guess)

    y = np.empty (nout)
    func (guess, y)
    fnorm1 = enorm_mpfit_careful (y, finfo)
    p = Problem (guess.size, nout, func, jac)
    p.xtol = p.ftol = tol
    p.gtol = 0
    p.maxiter = 100 * (guess.size + 1)
    s = p.solve (guess)
    func (s.params, y)
    fnorm2 = enorm_mpfit_careful (y, finfo)

    print ('  n, m:', guess.size, nout)
    print ('  fnorm1:', fnorm1)
    print ('  fnorm2:', fnorm2)
    print ('  nfev, njev:', s.nfev, s.njev)
    print ('  status:', s.status)
    print ('  params:', s.params)


def _lmder1_driver (nout, func, jac, guess, target_fnorm1,
                    target_fnorm2, target_params, decimal=10):
    finfo = np.finfo (np.float)
    tol = np.sqrt (finfo.eps)
    guess = np.asfarray (guess)

    y = np.empty (nout)
    func (guess, y)
    fnorm1 = enorm_mpfit_careful (y, finfo)
    Taae (fnorm1, target_fnorm1)

    p = Problem (guess.size, nout, func, jac)
    p.xtol = p.ftol = tol
    p.gtol = 0
    p.maxiter = 100 * (guess.size + 1)
    s = p.solve (guess)

    if target_params is not None:
        # assert_array_almost_equal goes to a fixed number of decimal
        # places regardless of the scale of the number, so it breaks
        # when we work with very large values.
        from numpy.testing import assert_array_almost_equal as aaae
        scale = np.maximum (np.abs (target_params), 1)
        try:
            aaae (s.params / scale, target_params / scale, decimal=decimal)
        except AssertionError:
            assert False, '''Arrays are not almost equal to %d (scaled) decimals

x: %s
y: %s''' % (decimal, s.params, target_params)

    func (s.params, y)
    fnorm2 = enorm_mpfit_careful (y, finfo)
    Taae (fnorm2, target_fnorm2)


def _lmder1_linear_full_rank (n, m, factor, target_fnorm1, target_fnorm2):
    """A full-rank linear function (lmder test #1)"""

    def func (params, vec):
        s = params.sum ()
        temp = 2. * s / m + 1
        vec[:] = -temp
        vec[:params.size] += params

    def jac (params, jac):
        # jac.shape = (n, m) by LMDER standards
        jac.fill (-2. / m)
        for i in xrange (n):
            jac[i,i] += 1

    guess = np.ones (n) * factor

    #_lmder1_test (m, func, jac, guess)
    _lmder1_driver (m, func, jac, guess,
                    target_fnorm1, target_fnorm2,
                    [-1] * n)

@test
def _lmder1_linear_full_rank_1 ():
    _lmder1_linear_full_rank (5, 10, 1, 5., 0.2236068e+01)

@test
def _lmder1_linear_full_rank_2 ():
    _lmder1_linear_full_rank (5, 50, 1, 0.806225774e+01, 0.670820393e+01)


# To investigate: the following four linear rank-1 tests have something weird
# going on. The parameters returned by the optimizer agree with the Fortran
# implementation for one of my machines (an AMD64) and disagree for another (a
# 32-bit Intel). Furthermore, the same **Fortran** implementation gives
# different parameter results on the two machines. I take this as an
# indication that there's something weird about these tests such that the
# precise parameter values are unpredictable. I've hacked the tests
# accordingly to not check the parameter results.

def _lmder1_linear_rank1 (n, m, factor, target_fnorm1, target_fnorm2, target_params):
    """A rank-1 linear function (lmder test #2)"""

    def func (params, vec):
        s = 0
        for j in xrange (n):
            s += (j + 1) * params[j]
        for i in xrange (m):
            vec[i] = (i + 1) * s - 1

    def jac (params, jac):
        for i in xrange (n):
            for j in xrange (m):
                jac[i,j] = (i + 1) * (j + 1)

    guess = np.ones (n) * factor

    #_lmder1_test (m, func, jac, guess)
    _lmder1_driver (m, func, jac, guess,
                    target_fnorm1, target_fnorm2, None) #target_params)

@test
def _lmder1_linear_rank1_1 ():
    _lmder1_linear_rank1 (5, 10, 1,
                          0.2915218688e+03, 0.1463850109e+01,
                          [-0.167796818e+03, -0.8339840901e+02, 0.2211100431e+03,
                           -0.4119920451e+02, -0.327593636e+02])

@test
def _lmder1_linear_rank1_2 ():
    _lmder1_linear_rank1 (5, 50, 1,
                          0.310160039334e+04, 0.34826301657e+01,
                          [-0.2029999900022674e+02, -0.9649999500113370e+01,
                           -0.1652451975264496e+03, -0.4324999750056676e+01,
                           0.1105330585100652e+03])


def _lmder1_linear_r1zcr (n, m, factor, target_fnorm1, target_fnorm2, target_params):
    """A rank-1 linear function with zero columns and rows (lmder test #3)"""

    def func (params, vec):
        s = 0
        for j in xrange (1, n - 1):
            s += (j + 1) * params[j]
        for i in xrange (m):
            vec[i] = i * s - 1
        vec[m-1] = -1

    def jac (params, jac):
        jac.fill (0)

        for i in xrange (1, n - 1):
            for j in xrange (1, m - 1):
                jac[i,j] = j * (i + 1)

    guess = np.ones (n) * factor

    #_lmder1_test (m, func, jac, guess)
    _lmder1_driver (m, func, jac, guess,
                    target_fnorm1, target_fnorm2, None) #target_params)

@test
def _lmder1_linear_r1zcr_1 ():
    _lmder1_linear_r1zcr (5, 10, 1,
                          0.1260396763e+03, 0.1909727421e+01,
                          [0.1000000000e+01, -0.2103615324e+03, 0.3212042081e+02,
                           0.8113456825e+02, 0.1000000000e+01])

@test
def _lmder1_linear_r1zcr_2 ():
    _lmder1_linear_r1zcr (5, 50, 1,
                          0.17489499707e+04, 0.3691729402e+01,
                          [0.1000000000e+01, 0.3321494859e+03, -0.4396851914e+03,
                           0.1636968826e+03, 0.1000000000e+01])

@test
def _lmder1_rosenbrock ():
    """Rosenbrock function (lmder test #4)"""

    def func (params, vec):
        vec[0] = 10 * (params[1] - params[0]**2)
        vec[1] = 1 - params[0]

    def jac (params, jac):
        jac[0,0] = -20 * params[0]
        jac[0,1] = -1
        jac[1,0] = 10
        jac[1,1] = 0

    guess = np.asfarray ([-1.2, 1])
    norm1s = [0.491934955050e+01, 0.134006305822e+04, 0.1430000511923e+06]

    for i in xrange (3):
        _lmder1_driver (2, func, jac, guess * 10**i,
                        norm1s[i], 0, [1, 1])


@test
def _lmder1_helical_valley ():
    """Helical valley function (lmder test #5)"""
    tpi = 2 * np.pi

    def func (params, vec):
        if params[0] == 0:
            tmp1 = np.copysign (0.25, params[1])
        elif params[0] > 0:
            tmp1 = np.arctan (params[1] / params[0]) / tpi
        else:
            tmp1 = np.arctan (params[1] / params[0]) / tpi + 0.5

        tmp2 = np.sqrt (params[0]**2 + params[1]**2)

        vec[0] = 10 * (params[2] - 10 * tmp1)
        vec[1] = 10 * (tmp2 - 1)
        vec[2] = params[2]

    def jac (params, jac):
        temp = params[0]**2 + params[1]**2
        tmp1 = tpi * temp
        tmp2 = np.sqrt (temp)
        jac[0,0] = 100 * params[1] / tmp1
        jac[0,1] = 10 * params[0] / tmp2
        jac[0,2] = 0
        jac[1,0] = -100 * params[0] / tmp1
        jac[1,1] = 10 * params[1] / tmp2
        jac[2,0] = 10
        jac[2,1] = 0
        jac[1,2] = 0
        jac[2,2] = 1

    guess = np.asfarray ([-1, 0, 0])

    _lmder1_driver (3, func, jac, guess,
                    50., 0.993652310343e-16,
                    [0.100000000000e+01, -0.624330159679e-17, 0.000000000000e+00])
    _lmder1_driver (3, func, jac, guess * 10,
                    0.102956301410e+03, 0.104467885065e-18,
                    [0.100000000000e+01, 0.656391080516e-20, 0.000000000000e+00])
    _lmder1_driver (3, func, jac, guess * 100,
                    0.991261822124e+03, 0.313877781195e-28,
                    [0.100000000000e+01, -0.197215226305e-29, 0.000000000000e+00])


def _lmder1_powell_singular ():
    """Powell's singular function (lmder test #6). Don't run this as a
    test, since it just zooms to zero parameters.  The precise results
    depend a lot on nitty-gritty rounding and tolerances and things."""

    def func (params, vec):
        vec[0] = params[0] + 10 * params[1]
        vec[1] = np.sqrt (5) * (params[2] - params[3])
        vec[2] = (params[1] - 2 * params[2])**2
        vec[3] = np.sqrt (10) * (params[0] - params[3])**2

    def jac (params, jac):
        jac.fill (0)
        jac[0,0] = 1
        jac[0,3] = 2 * np.sqrt (10) * (params[0] - params[3])
        jac[1,0] = 10
        jac[1,2] = 2 * (params[1] - 2 * params[2])
        jac[2,1] = np.sqrt (5)
        jac[2,2] = -2 * jac[2,1]
        jac[3,1] = -np.sqrt (5)
        jac[3,3] = -jac[3,0]

    guess = np.asfarray ([3, -1, 0, 1])

    _lmder1_test (4, func, jac, guess)
    _lmder1_test (4, func, jac, guess * 10)
    _lmder1_test (4, func, jac, guess * 100)


@test
def _lmder1_freudenstein_roth ():
    """Freudenstein and Roth function (lmder1 test #7)"""

    def func (params, vec):
        vec[0] = -13 + params[0] + ((5 - params[1]) * params[1] - 2) * params[1]
        vec[1] = -29 + params[0] + ((1 + params[1]) * params[1] - 14) * params[1]

    def jac (params, jac):
        jac[0] = 1
        jac[1,0] = params[1] * (10 - 3 * params[1]) - 2
        jac[1,1] = params[1] * (2 + 3 * params[1]) - 14

    guess = np.asfarray ([0.5, -2])

    _lmder1_driver (2, func, jac, guess,
                    0.200124960962e+02, 0.699887517585e+01,
                    [0.114124844655e+02, -0.896827913732e+00])
    _lmder1_driver (2, func, jac, guess * 10,
                    0.124328339489e+05, 0.699887517449e+01,
                    [0.114130046615e+02, -0.896796038686e+00])
    _lmder1_driver (2, func, jac, guess * 100,
                    0.11426454595762e+08, 0.699887517243e+01,
                    [0.114127817858e+02, -0.896805107492e+00])


@test
def _lmder1_bard ():
    """Bard function (lmder1 test #8)"""

    y1 = np.asfarray ([0.14, 0.18, 0.22, 0.25, 0.29,
                       0.32, 0.35, 0.39, 0.37, 0.58,
                       0.73, 0.96, 1.34, 2.10, 4.39])

    def func (params, vec):
        for i in xrange (15):
            tmp2 = 15 - i

            if i > 7:
                tmp3 = tmp2
            else:
                tmp3 = i + 1

            vec[i] = y1[i] - (params[0] + (i + 1) / (params[1] * tmp2 + params[2] * tmp3))

    def jac (params, jac):
        for i in xrange (15):
            tmp2 = 15 - i

            if i > 7:
                tmp3 = tmp2
            else:
                tmp3 = i + 1

            tmp4 = (params[1] * tmp2 + params[2] * tmp3)**2
            jac[0,i] = -1
            jac[1,i] = (i + 1) * tmp2 / tmp4
            jac[2,i] = (i + 1) * tmp3 / tmp4

    guess = np.asfarray ([1, 1, 1])

    _lmder1_driver (15, func, jac, guess,
                    0.6456136295159668e+01, 0.9063596033904667e-01,
                    [0.8241057657583339e-01, 0.1133036653471504e+01, 0.2343694638941154e+01])
    _lmder1_driver (15, func, jac, guess * 10,
                    0.3614185315967845e+02, 0.4174768701385386e+01,
                    [0.8406666738183293e+00, -0.1588480332595655e+09, -0.1643786716535352e+09])
    _lmder1_driver (15, func, jac, guess * 100,
                    0.3841146786373992e+03, 0.4174768701359691e+01,
                    [0.8406666738676455e+00, -0.1589461672055184e+09, -0.1644649068577712e+09])


@test
def _lmder1_kowalik_osborne ():
    """Kowalik & Osborne function (lmder1 test #9)"""
    v = np.asfarray ([4, 2, 1, 0.5, 0.25, 0.167, 0.125, 0.1, 0.0833, 0.0714, 0.0625])
    y2 = np.asfarray ([0.1957, 0.1947, 0.1735, 0.16, 0.0844, 0.0627, 0.0456,
                       0.0342, 0.0323, 0.0235, 0.0246])

    def func (params, vec):
        tmp1 = v * (v + params[1])
        tmp2 = v * (v + params[2]) + params[3]
        vec[:] = y2 - params[0] * tmp1 / tmp2

    def jac (params, jac):
        tmp1 = v * (v + params[1])
        tmp2 = v * (v + params[2]) + params[3]
        jac[0] = -tmp1 / tmp2
        jac[1] = -v * params[0] / tmp2
        jac[2] = jac[0] * jac[1]
        jac[3] = jac[2] / v

    guess = np.asfarray ([0.25, 0.39, 0.415, 0.39])

    _lmder1_driver (11, func, jac, guess,
                    0.7289151028829448e-01, 0.1753583772112895e-01,
                    [0.1928078104762493e+00, 0.1912626533540709e+00,
                     0.1230528010469309e+00, 0.1360532211505167e+00])
    _lmder1_driver (11, func, jac, guess * 10,
                    0.2979370075552020e+01, 0.3205219291793696e-01,
                    [0.7286754737686598e+06, -0.1407588031293926e+02,
                     -0.3297779778419661e+08, -0.2057159419780170e+08])

    # This last test seems to rely on hitting maxfev in the solver.
    # Our stopping criterion is a bit different, so we go a bit farther.
    # I'm going to hope that's why our results are different.
    #_lmder1_driver (11, func, jac, guess * 100,
    #                0.2995906170160365e+02, 0.1753583967605901e-01,
    #                [0.1927984063846549e+00, 0.1914736844615448e+00,
    #                 0.1230924753714115e+00, 0.1361509629062244e+00])


@test
def _lmder1_meyer ():
    """Meyer function (lmder1 test #10)"""

    y3 = np.asarray ([3.478e4, 2.861e4, 2.365e4, 1.963e4, 1.637e4, 1.372e4, 1.154e4,
                      9.744e3, 8.261e3, 7.03e3, 6.005e3, 5.147e3, 4.427e3, 3.82e3,
                      3.307e3, 2.872e3])

    def func (params, vec):
        temp = 5 * (np.arange (16) + 1) + 45 + params[2]
        tmp1 = params[1] / temp
        tmp2 = np.exp (tmp1)
        vec[:] = params[0] * tmp2 - y3

    def jac (params, jac):
        temp = 5 * (np.arange (16) + 1) + 45 + params[2]
        tmp1 = params[1] / temp
        tmp2 = np.exp (tmp1)
        jac[0] = tmp2
        jac[1] = params[0] * tmp2 / temp
        jac[2] = -tmp1 * jac[1]

    guess = np.asfarray ([0.02, 4000, 250])

    _lmder1_driver (16, func, jac, guess,
                    0.4115346655430312e+05, 0.9377945146518742e+01,
                    [0.5609636471026614e-02, 0.6181346346286591e+04,
                     0.3452236346241440e+03])
    # This one depends on maxiter semantics.
    #_lmder1_driver (16, func, jac, guess * 10,
    #                0.4168216891308465e+07, 0.7929178717795005e+03,
    #                [0.1423670741579940e-10, 0.3369571334325413e+05,
    #                 0.9012685279538006e+03])


@test
def _lmder1_watson ():
    """Watson function (lmder1 test #11)"""

    def func (params, vec):
        div = (np.arange (29) + 1.) / 29
        s1 = 0
        dx = 1

        for j in xrange (1, params.size):
            s1 += j * dx * params[j]
            dx *= div

        s2 = 0
        dx = 1

        for j in xrange (params.size):
            s2 += dx * params[j]
            dx *= div

        vec[:29] = s1 - s2**2 - 1
        vec[29] = params[0]
        vec[30] = params[1] - params[0]**2 - 1

    def jac (params, jac):
        jac.fill (0)
        div = (np.arange (29) + 1.) / 29
        s2 = 0
        dx = 1

        for j in xrange (params.size):
            s2 += dx * params[j]
            dx *= div

        temp = 2 * div * s2
        dx = 1. / div

        for j in xrange (params.size):
            jac[j,:29] = dx * (j - temp)
            dx *= div

        jac[0,29] = 1
        jac[0,30] = -2 * params[0]
        jac[1,30] = 1

    _lmder1_driver (31, func, jac, np.zeros (6),
                    0.5477225575051661e+01, 0.4782959390976008e-01,
                    [-0.1572496150837816e-01, 0.1012434882329655e+01,
                     -0.2329917223876733e+00, 0.1260431011028184e+01,
                     -0.1513730313944205e+01, 0.9929972729184200e+00])
    _lmder1_driver (31, func, jac, np.zeros (6) + 10,
                    0.6433125789500264e+04, 0.4782959390969513e-01,
                    [-0.1572519013866769e-01, 0.1012434858601051e+01,
                     -0.2329915458438287e+00, 0.1260429320891626e+01,
                     -0.1513727767065747e+01, 0.9929957342632802e+00])
    _lmder1_driver (31, func, jac, np.zeros (6) + 100,
                    0.6742560406052133e+06, 0.4782959391154397e-01,
                    [-0.1572470197125856e-01, 0.1012434909256583e+01,
                     -0.2329919227616415e+00, 0.1260432929295546e+01,
                     -0.1513733204527065e+01, 0.9929990192232198e+00])
    _lmder1_driver (31, func, jac, np.zeros (9),
                    0.5477225575051661e+01, 0.1183114592124197e-02,
                    [-0.1530706441667223e-04, 0.9997897039345969e+00, 0.1476396349109780e-01,
                     0.1463423301459916e+00, 0.1000821094548170e+01, -0.2617731120705071e+01,
                     0.4104403139433541e+01, -0.3143612262362414e+01, 0.1052626403787590e+01],
                    decimal=8) # good enough for me
    _lmder1_driver (31, func, jac, np.zeros (9) + 10,
                    0.1208812706930700e+05, 0.1183114592125130e-02,
                    [-0.1530713348492787e-04, 0.9997897039412339e+00, 0.1476396297862168e-01,
                     0.1463423348188364e+00, 0.1000821073213860e+01, -0.2617731070847222e+01,
                     0.4104403076555641e+01, -0.3143612221786855e+01, 0.1052626393225894e+01],
                    decimal=7) # ditto
    _lmder1_driver (31, func, jac, np.zeros (9) + 100,
                    0.1269109290438338e+07, 0.1183114592123836e-02,
                    [-0.1530695233521759e-04, 0.9997897039583713e+00, 0.1476396251853923e-01,
                     0.1463423410963262e+00, 0.1000821047291639e+01, -0.2617731015736446e+01,
                     0.4104403014272860e+01, -0.3143612186025031e+01, 0.1052626385167739e+01],
                    decimal=7)
    # I've hacked params[0] below to agree with the Python since most everything else
    # is a lot closer. Fortran value is -0.6602660013963822D-08.
    _lmder1_driver (31, func, jac, np.zeros (12),
                    0.5477225575051661e+01, 0.2173104025358612e-04,
                    [-0.66380604e-08, 0.1000001644118327e+01, -0.5639321469801545e-03,
                     0.3478205400507559e+00, -0.1567315002442332e+00, 0.1052815158255932e+01,
                     -0.3247271095194506e+01, 0.7288434783750497e+01, -0.1027184809861398e+02,
                     0.9074113537157828e+01, -0.4541375419181941e+01, 0.1012011879750439e+01],
                    decimal=7)
    # These last two don't need any hacking or decimal < 10 ...
    _lmder1_driver (31, func, jac, np.zeros (12) + 10,
                    0.1922075897909507e+05, 0.2173104025185086e-04,
                    [-0.6637102230174097e-08, 0.1000001644117873e+01, -0.5639322083473270e-03,
                     0.3478205404869979e+00, -0.1567315039556524e+00, 0.1052815176545732e+01,
                     -0.3247271151521395e+01, 0.7288434894306651e+01, -0.1027184823696385e+02,
                      0.9074113643837332e+01, -0.4541375465336661e+01, 0.1012011888308566e+01],
                    decimal=7)
    _lmder1_driver (31, func, jac, np.zeros (12) + 100,
                    0.2018918044623666e+07, 0.2173104025398453e-04,
                    [-0.6638060464852487e-08, 0.1000001644117862e+01, -0.5639322103249589e-03,
                     0.3478205405035875e+00, -0.1567315040913747e+00, 0.1052815177180306e+01,
                     -0.3247271153370249e+01, 0.7288434897753017e+01, -0.1027184824108129e+02,
                      0.9074113646884637e+01, -0.4541375466608216e+01, 0.1012011888536897e+01])


# Finally ...

if __name__ == '__main__':
    _runtests ()
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  Source code for pwkit.ucd_physics

# -*- mode: python; coding: utf-8 -*-
# Copyright 2013-2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT license.

"""pwkit.ucd_physics - Physical calculations for (ultra)cool dwarfs.

These functions generally implement various nontrivial physical relations
published in the literature. See docstrings for references.

Functions:

bcj_from_spt
  J-band bolometric correction from SpT.
bck_from_spt
  K-band bolometric correction from SpT.
load_bcah98_mass_radius
  Load Baraffe+ 1998 mass/radius data.
mass_from_j
  Mass from absolute J magnitude.
mk_radius_from_mass_bcah98
  Radius from mass, using BCAH98 models.
tauc_from_mass
  Convective turnover time from mass.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'bcj_from_spt bck_from_spt load_bcah98_mass_radius mass_from_j '
           b'mk_radius_from_mass_bcah98 tauc_from_mass').split ()

# Implementation note: we use the numutil.broadcastize() decorator to be able
# to handle both scalar and vector arguments semi-transparently. I'd also like
# us to be able to handle Uvals and Lvals, which aren't going to be compatible
# with this approach. The latter will also present challenges for
# bounds-checking of inputs, so I'm going the numpy route for now. Not sure
# what to do about this in general.

import numpy as np

from . import cgs, msmt, numutil


# Bolometric luminosity estimation.

@numutil.broadcastize (1)
[docs]def bcj_from_spt (spt):
    """Calculate a bolometric correction constant for a J band magnitude based on
    a spectral type, using the fit of Wilking+ (1999AJ....117..469W).

    spt - Numerical spectral type. M0=0, M9=9, L0=10, ...

    Returns: the correction `bcj` such that `m_bol = j_abs + bcj`, or NaN if
    `spt` is out of range.

    Valid values of `spt` are between 0 and 10.

    """
    return np.where ((spt >= 0) & (spt <= 10),
                     1.53 + 0.148 * spt - 0.0105 * spt**2,
                     np.nan)



@numutil.broadcastize (1)
[docs]def bck_from_spt (spt):
    """Calculate a bolometric correction constant for a J band magnitude based on
    a spectral type, using the fits of Wilking+ (1999AJ....117..469W), Dahn+
    (2002AJ....124.1170D), and Nakajima+ (2004ApJ...607..499N).

    spt - Numerical spectral type. M0=0, M9=9, L0=10, ...

    Returns: the correction `bck` such that `m_bol = k_abs + bck`, or NaN if
    `spt` is out of range.

    Valid values of `spt` are between 2 and 30.

    """

    # NOTE: the way np.piecewise() is implemented, the last 'true' value in
    # the condition list is the one that takes precedence. This motivates the
    # construction of our condition list.
    #
    # XXX: I've restructured the implementation; this needs testing!

    spt = np.asfarray (spt) # we crash with integer inputs for some reason.
    return np.piecewise (spt,
                         [spt < 30,
                          spt < 19,
                          spt <= 14,
                          spt < 10,
                          (spt < 2) | (spt >= 30)],
                         [lambda s: 3.41 - 0.21 * (s - 20), # Nakajima
                          lambda s: 3.42 - 0.075 * (s - 14), # Dahn, Nakajima
                          lambda s: 3.42 + 0.075 * (s - 14), # Dahn, Nakajima
                          lambda s: 2.43 + 0.0895 * s, # Wilking; only ok for spt >= M2!
                          np.nan])



Mbol_sun = 4.7554
"""Absolute bolometric luminosity of the Sun. Copied from Eric Mamajek's star
notes:
https://sites.google.com/site/mamajeksstarnotes/basic-astronomical-data-for-the-sun

Quoted uncertainty is 0.0004.

Note that this bit isn't UCD-specific and could/should go elsewhere, say,
astutil.

NOTE! I haven't verified if this value is consistent with the one implicitly
adopted by the various relations that I use above! This could result in errors
of up to ~0.1 mag. Cf. Torres, 2010AJ....140.1158T.

"""
def lbol_from_mbol (mbol, format='cgs'):
    from .cgs import lsun

    x = 0.4 * (Mbol_sun - mbol)

    if format == 'cgs':
        return lsun * 10**x
    elif format == 'logsun':
        return x
    elif format == 'logcgs':
        return np.log10 (lsun) + x

    raise ValueError ('unrecognized output format %r' % format)


@numutil.broadcastize (4)
def lbol_from_spt_dist_mag (sptnum, dist_pc, jmag, kmag, format='cgs'):
    """Estimate a UCD's bolometric luminosity given some basic parameters.

    sptnum: the spectral type as a number; 8 -> M8; 10 -> L0 ; 20 -> T0
      Valid values range between 0 and 30, ie M0 to Y0.
    dist_pc: distance to the object in parsecs
    jmag: object's J-band magnitude or NaN (*not* None) if unavailable
    kmag: same with K-band magnitude
    format: either 'cgs', 'logcgs', or 'logsun', defining the form of the
      outputs. Logarithmic quantities are base 10.

    This routine can be used with vectors of measurements. The result will be
    NaN if a value cannot be computed. This routine implements the method
    documented in the Appendix of Williams et al., 2014ApJ...785....9W
    (doi:10.1088/0004-637X/785/1/9).

    """
    bcj = bcj_from_spt (sptnum)
    bck = bck_from_spt (sptnum)

    n = np.zeros (sptnum.shape, dtype=np.int)
    app_mbol = np.zeros (sptnum.shape)

    w = np.isfinite (bcj) & np.isfinite (jmag)
    app_mbol[w] += jmag[w] + bcj[w]
    n[w] += 1

    w = np.isfinite (bck) & np.isfinite (kmag)
    app_mbol[w] += kmag[w] + bck[w]
    n[w] += 1

    w = (n != 0)
    abs_mbol = (app_mbol[w] / n[w]) - 5 * (np.log10 (dist_pc[w]) - 1)
    # note: abs_mbol is filtered by `w`

    lbol = np.empty (sptnum.shape)
    lbol.fill (np.nan)
    lbol[w] = lbol_from_mbol (abs_mbol, format=format)
    return lbol


# Mass estimation.

def _delfosse_mass_from_j_helper (j_abs):
    x = 1e-3 * (1.6 + 6.01 * j_abs + 14.888 * j_abs**2 +
                -5.3557 * j_abs**3 + 0.28518 * j_abs**4)
    return 10**x * cgs.msun


@numutil.broadcastize (1)
[docs]def mass_from_j (j_abs):
    """Estimate mass in cgs from absolute J magnitude, using the relationship of
    Delfosse+ (2000A&A...364..217D).

    j_abs - The absolute J magnitude.

    Returns: the estimated mass in grams.

    If j_abs > 11, a fixed result of 0.1 Msun is returned. Values of j_abs <
    5.5 are illegal and get NaN. There is a discontinuity in the relation at
    j_abs = 11, which yields 0.0824 Msun.

    """
    j_abs = np.asfarray (j_abs)
    return np.piecewise (j_abs,
                         [j_abs > 11,
                          j_abs <= 11,
                          j_abs < 5.5],
                         [0.1 * cgs.msun,
                          _delfosse_mass_from_j_helper,
                          np.nan])


# Radius estimation.


[docs]def load_bcah98_mass_radius (tablelines, metallicity=0, heliumfrac=0.275,
                             age_gyr=5., age_tol=0.05):
    """Load mass and radius from the main data table for the famous models of
    Baraffe+ (1998A&A...337..403B).

    tablelines
      An iterable yielding lines from the table data file.
      I've named the file '1998A&A...337..403B_tbl1-3.dat'
      in some repositories (it's about 150K, not too bad).
    metallicity
      The metallicity of the model to select.
    heliumfrac
      The helium fraction of the model to select.
    age_gyr
      The age of the model to select, in Gyr.
    age_tol
      The tolerance on the matched age, in Gyr.

    Returns: (mass, radius), where both are Numpy arrays.

    The ages in the data table vary slightly at fixed metallicity and helium
    fraction. Therefore, there needs to be a tolerance parameter for matching
    the age.

    """
    mdata, rdata = [], []

    for line in tablelines:
        a = line.strip ().split ()

        thismetallicity = float (a[0])
        if thismetallicity != metallicity:
            continue

        thisheliumfrac = float (a[1])
        if thisheliumfrac != heliumfrac:
            continue

        thisage = float (a[4])
        if abs (thisage - age_gyr) > age_tol:
            continue

        mass = float (a[3]) * cgs.msun
        teff = float (a[5])
        mbol = float (a[7])

        # XXX to check: do they specify m_bol_sun = 4.64? IIRC, yes.
        lbol = 10**(0.4 * (4.64 - mbol)) * cgs.lsun
        area = lbol / (cgs.sigma * teff**4)
        r = np.sqrt (area / (4 * np.pi))

        mdata.append (mass)
        rdata.append (r)

    return np.asarray (mdata), np.asarray (rdata)



[docs]def mk_radius_from_mass_bcah98 (*args, **kwargs):
    """Create a function that maps (sub)stellar mass to radius, based on the
    famous models of Baraffe+ (1998A&A...337..403B).

    tablelines
      An iterable yielding lines from the table data file.
      I've named the file '1998A&A...337..403B_tbl1-3.dat'
      in some repositories (it's about 150K, not too bad).
    metallicity
      The metallicity of the model to select.
    heliumfrac
      The helium fraction of the model to select.
    age_gyr
      The age of the model to select, in Gyr.
    age_tol
      The tolerance on the matched age, in Gyr.

    Returns: a function mtor(mass_g), return a radius in cm as a function of a
    mass in grams. The mass must be between 0.05 and 0.7 Msun.

    The ages in the data table vary slightly at fixed metallicity and helium
    fraction. Therefore, there needs to be a tolerance parameter for matching
    the age.

    This function requires Scipy.

    """
    from scipy.interpolate import UnivariateSpline
    m, r = load_bcah98_mass_radius (*args, **kwargs)
    spl = UnivariateSpline (m, r, s=1)

    # This allows us to do range-checking with either scalars or vectors with
    # minimal gymnastics.
    @numutil.broadcastize (1)
    def interp (mass_g):
        if np.any (mass_g < 0.05 * cgs.msun) or np.any (mass_g > 0.7 * cgs.msun):
            raise ValueError ('mass_g must must be between 0.05 and 0.7 Msun')
        return spl (mass_g)

    return interp


# Estimation of the convective turnover time.


@numutil.broadcastize (1)
[docs]def tauc_from_mass (mass_g):
    """Estimate the convective turnover time from mass, using the method described
    in Cook+ (2014ApJ...785...10C).

    mass_g - UCD mass in grams.

    Returns: the convective turnover timescale in seconds.

    Masses larger than 1.3 Msun are out of range and yield NaN. If the mass is
    <0.1 Msun, the turnover time is fixed at 70 days.

    The Cook method was inspired by the description in McLean+
    (2012ApJ...746...23M). It is a hybrid of the method described in Reiners &
    Basri (2010ApJ...710..924R) and the data shown in Kiraga & Stepien
    (2007AcA....57..149K). However, this version imposes the 70-day cutoff in
    terms of mass, not spectral type, so that it is entirely defined in terms
    of a single quantity.

    There are discontinuities between the different break points! Any future
    use should tweak the coefficients to make everything smooth.

    """
    m = mass_g / cgs.msun
    return np.piecewise (m,
                         [m < 1.3,
                          m < 0.82,
                          m < 0.65,
                          m < 0.1],
                         [lambda x: 61.7 - 44.7 * x,
                          25.,
                          lambda x: 86.9 - 94.3 * x,
                          70.,
                          np.nan]) * 86400.
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  Source code for pwkit.pdm

# -*- mode: python; coding: utf-8 -*-
# Copyright 2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.pdm - period-finding with phase dispersion minimization

As defined in Stellingwerf (1978ApJ...224..953S). See the update in
Schwarzenberg-Czerny (1997ApJ...489..941S), however, which corrects the
significance test formally; Linnell Nemec & Nemec (1985AJ.....90.2317L)
provide a Monte Carlo approach. Also, Stellingwerf has developed "PDM2" which
attempts to improve a few aspects; see

- `Stellingwerf’s page <http://www.stellingwerf.com/rfs-bin/index.cgi?action=PageView&id=29>`_
- `The Wikipedia article <http://en.wikipedia.org/wiki/Phase_dispersion_minimization>`_

"""
from __future__ import absolute_import, division, print_function, unicode_literals

# TODO: automatic rule for nbin?
# TODO: ditto for nr periods to try?
# TODO: confidence in peak value or something

__all__ = (b'PDMResult pdm').split ()

import numpy as np
from collections import namedtuple

from .numutil import weighted_variance
from .parallel import make_parallel_helper

PDMResult = namedtuple ('PDMResult', 'thetas imin pmin mc_tmins '
                        'mc_pvalue mc_pmins mc_puncert'.split ())


def one_theta (t, x, wt, period, nbin, nshift, v_all):
    phase0 = t / period
    numer = denom = 0.

    for i in xrange (nshift):
        phase = (phase0 + float (i) / (nshift * nbin)) % 1.
        binloc = np.floor (phase * nbin).astype (np.int)

        for j in xrange (nbin):
            wh = np.where (binloc == j)[0]
            if wh.size < 3:
                continue

            numer += weighted_variance (x[wh], wt[wh]) * (wh.size - 1)
            denom += wh.size - 1

    return numer / (denom * v_all)


def _map_one_theta (args):
    """Needed for the parallel map() call in pdm() due to the gross way in which
    Python multiprocessing works.

    """
    return one_theta (*args)


[docs]def pdm (t, x, u, periods, nbin, nshift=8, nsmc=256, numc=256, weights=False, parallel=True):
    """Perform phase dispersion minimization.

    t : 1D array
      time coordinate
    x : 1D array, same size as *t*
      observed value
    u : 1D array, same size as *t*
      uncertainty on observed value; same units as `x`
    periods : 1D array
      set of candidate periods to sample; same units as `t`
    nbin : int
      number of phase bins to construct
    nshift : int=8
      number of shifted binnings to sample to combact statistical flukes
    nsmc : int=256
      number of Monte Carlo shufflings to compute, to evaluate the
      significance of the minimal theta value.
    numc : int=256
      number of Monte Carlo added-noise datasets to compute, to evaluate
      the uncertainty in the location of the minimal theta value.
    weights : bool=False
      if True, 'u' is actually weights, not uncertainties.
      Usually weights = u**-2.
    parallel : default True
      Controls parallelization of the algorithm. Default
      uses all available cores. See `pwkit.parallel.make_parallel_helper`.

    Returns named tuple of:

    thetas : 1D array
      values of theta statistic, same size as `periods`
    imin
      index of smallest (best) value in `thetas`
    pmin
      the `period` value with the smallest (best) `theta`
    mc_tmins
      1D array of size `nsmc` with Monte Carlo samplings of minimal
      theta values for shufflings of the data; assesses significance of the peak
    mc_pvalue
      probability (between 0 and 1) of obtaining the best theta value
      in a randomly-shuffled dataset
    mc_pmins
      1D array of size `numc` with Monte Carlo samplings of best
      period values for noise-added data; assesses uncertainty of `pmin`
    mc_puncert
      standard deviation of `mc_pmins`; approximate uncertainty
      on `pmin`.

    We don't do anything clever, so runtime scales at least as
    ``t.size * periods.size * nbin * nshift * (nsmc + numc + 1)``.

    """
    t = np.asfarray (t)
    x = np.asfarray (x)
    u = np.asfarray (u)
    periods = np.asfarray (periods)
    t, x, u, periods = np.atleast_1d (t, x, u, periods)
    nbin = int (nbin)
    nshift = int (nshift)
    nsmc = int (nsmc)
    numc = int (numc)
    phelp = make_parallel_helper (parallel)

    if t.ndim != 1:
        raise ValueError ('`t` must be <= 1D')

    if x.shape != t.shape:
        raise ValueError ('`t` and `x` arguments must be the same size')

    if u.shape != t.shape:
        raise ValueError ('`t` and `u` arguments must be the same size')

    if periods.ndim != 1:
        raise ValueError ('`periods` must be <= 1D')

    if nbin < 2:
        raise ValueError ('`nbin` must be at least 2')

    if nshift < 1:
        raise ValueError ('`nshift` must be at least 1')

    if nsmc < 0:
        raise ValueError ('`nsmc` must be nonnegative')

    if numc < 0:
        raise ValueError ('`numc` must be nonnegative')

    # We can finally get started!

    if weights:
        wt = u
        u = wt ** -0.5
    else:
        wt = u ** -2

    v_all = weighted_variance (x, wt)

    with phelp.get_map () as map:
        get_thetas = lambda args: np.asarray (map (_map_one_theta, args))
        thetas = get_thetas ((t, x, wt, p, nbin, nshift, v_all)
                             for p in periods)
        imin = thetas.argmin ()
        pmin = periods[imin]

        # Now do the Monte Carlo jacknifing so that the caller can have some idea
        # as to the significance of the minimal value of `thetas`.

        mc_thetas = np.empty (periods.shape)
        mc_tmins = np.empty (nsmc)

        for i in xrange (nsmc):
            shuf = np.random.permutation (x.size)
            # Note that what we do here is very MapReduce-y. I'm not aware of
            # an easy way to implement this computation in that model, though.
            mc_thetas = get_thetas ((t, x[shuf], wt[shuf], p, nbin, nshift, v_all)
                                    for p in periods)
            mc_tmins[i] = mc_thetas.min ()

        mc_tmins.sort ()
        mc_pvalue = mc_tmins.searchsorted (thetas[imin]) / nsmc

        # Now add noise to assess the uncertainty of the period.

        mc_pmins = np.empty (numc)

        for i in xrange (numc):
            noised = np.random.normal (x, u)
            mc_thetas = get_thetas ((t, noised, wt, p, nbin, nshift, v_all)
                                    for p in periods)
            mc_pmins[i] = periods[mc_thetas.argmin ()]

        mc_pmins.sort ()
        mc_puncert = mc_pmins.std ()

    # All done.

    return PDMResult (thetas=thetas, imin=imin, pmin=pmin, mc_tmins=mc_tmins,
                      mc_pvalue=mc_pvalue, mc_pmins=mc_pmins,
                      mc_puncert=mc_puncert)
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  Source code for pwkit.synphot

# -*- mode: python; coding: utf-8 -*-
# Copyright 2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.synphot - Synthetic photometry and database of instrumental bandpasses.

The basic structure is that we have a registry of bandpass info. You can use
it to create Bandpass objects that can perform various calculations,
especially the computation of synthetic photometry given a spectral model.
Some key attributes of each bandpass are pre-computed so that certain
operations can be done without needing to load the actual bandpass profile
(though so far none of these profiles are very large at all).

Classes:

AlreadyDefinedError - Raised when re-registering bandpass info.
Bandpass            - Performs standard computations given a bandpass profile.
NotDefinedError     - Raised when needed bandpass info is unavailable.
Registry            - A registry of known bandpass profiles.

Functions:

get_std_registry - Retrieve a Registry pre-filled with builtin telescope info.
(unlisted)       - Various internal utilities may be useful for reference.

Variables:

builtin_registrars - Hashtable of functions to register the builtin telescopes.


Example
-------

from pwkit import synphot as ps, cgs as pc, msmt as pm
reg = ps.get_std_registry ()
print (reg.telescopes ()) # list known telescopes
print (reg.bands ('2MASS')) # list known 2MASS bands
bp = reg.get ('2MASS', 'Ks')
mag = 12.83
mjy = pm.repval (bp.mag_to_fnu (mag) * pc.jypercgs * 1e3)
print ('%.2f mag is %.2f mjy in 2MASS/Ks' % (mag, mjy))


Conventions
-----------

It is very important to maintain consistent conventions throughout.

Wavelengths are measured in angstroms. Flux densities are either
per-wavelength (f_λ, "flam") or per-frequency (f_ν, "fnu"). These are measured
in units of erg/s/cm²/Å and erg/s/cm²/Hz, respectively. Janskys can be
converted to f_ν by multiplying by cgs.cgsperjy. f_ν's and f_λ's can be
interconverted for a given filter if you know its "pivot wavelength". Some of
the routines below show how to calculate this and do the conversion. "AB
magnitudes" can be directly converted to Janskys and, thus, f_ν's.

Filter bandpasses can be expressed in two conventions: either "equal-energy"
(EE) or "quantum-efficiency" (QE). The former gives the response per unit
energy across the band, while the latter gives the response per photon. The EE
convention can be integrated directly against a model spectrum, so we store
all bandpasses internally in this convention. CCDs are photon-counting devices
and so their response curves are generally expressed in the QE convention.
Interconversion is easy: EE = QE * λ.

We don't expect any particular normalization of bandpass response curves.

The "width" of a bandpass is not a well-defined quantity, but is often needed
for display purposes or approximate calculations. We use the locations of the
half-maximum points (in the EE convention) to define the band edges.

This module requires Scipy and Pandas. It doesn't reeeeallllly need Pandas but
it's convenient.

References
----------

Casagrande & VandenBerg (2014; arxiv:1407.6095) has a lot of good stuff; see
  also references therein.

References for specific bandpasses are given in their implementation
docstrings.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'AlreadyDefinedError Bandpass NotDefinedError Registry '
           b'builtin_registrars get_std_registry').split ()

import numpy as np, pandas as pd, pkg_resources

from . import Holder, PKError, cgs, msmt


# Data loading

def bandpass_data_stream (name):
    return pkg_resources.resource_stream ('pwkit', 'data/bandpasses/' + name)

def bandpass_data_frame (name, colnames):
    a = np.loadtxt (bandpass_data_stream (name)).T
    mapped = dict ((c, a[i]) for i, c in enumerate (colnames.split ()))
    return pd.DataFrame (mapped)

def bandpass_data_fits (name):
    from astropy.io.fits import open
    return open (bandpass_data_stream (name))


# Simple, careful conversions

def fnu_cgs_to_flam_ang (fnu_cgs, pivot_angstrom):
    """erg/s/cm²/Hz → erg/s/cm²/Å"""
    return 1e8 * cgs.c / pivot_angstrom**2 * fnu_cgs


def flam_ang_to_fnu_cgs (flam_ang, pivot_angstrom):
    """erg/s/cm²/Å → erg/s/cm²/Hz"""
    return 1e-8 / cgs.c * pivot_angstrom**2 * flam_ang


def abmag_to_fnu_cgs (abmag):
    """Convert an AB magnitude to f_ν in erg/s/cm²/Hz."""
    return cgs.cgsperjy * 3631. * 10**(-0.4 * abmag)


def abmag_to_flam_ang (abmag, pivot_angstrom):
    """Convert an AB magnitude to f_λ in erg/s/cm²/Å. AB magnitudes are f_ν
    quantities, so a pivot wavelength is needed.

    """
    return fnu_cgs_to_flam_ang (abmag_to_fnu_cgs (abmag), pivot_angstrom)


def ghz_to_ang (ghz):
    """Convert a photon frequency in GHz to its wavelength in Ångström."""
    return 0.1 * cgs.c / ghz


def flat_ee_bandpass_pivot_wavelength (wavelen1, wavelen2):
    """Compute the pivot wavelength of a bandpass that's flat in equal-energy
    terms. It turns out to be their harmonic mean.

    """
    return np.sqrt (wavelen1 * wavelen2)


def pivot_wavelength_ee (bpass):
    """Compute pivot wavelength assuming equal-energy convention.

    `bpass` should have two properties, `resp` and `wlen`. The units of `wlen`
    can be anything, and `resp` need not be normalized in any particular way.

    """
    from scipy.integrate import simps
    return np.sqrt (simps (bpass.resp, bpass.wlen) /
                    simps (bpass.resp / bpass.wlen**2, bpass.wlen))


def pivot_wavelength_qe (bpass):
    """Compute pivot wavelength assuming quantum-efficiency convention. Note that
    this is NOT what we generally use in this module.

    `bpass` should have two properties, `resp` and `wlen`. The units of `wlen`
    can be anything, and `resp` need not be normalized in any particular way.

    """
    from scipy.integrate import simps
    return np.sqrt (simps (bpass.resp * bpass.wlen, bpass.wlen) /
                    simps (bpass.resp / bpass.wlen, bpass.wlen))


def interpolated_halfmax_points (x, y):
    """Given a curve y(x), find the x coordinates of points that have half the
    value of max(y), using linear interpolation. We're assuming that y(x) has
    a bandpass-ish shape, i.e., a single maximum and a drop to zero as we go
    to the edges of the function's domain. We also assume that x is sorted
    increasingly.

    """
    from scipy.interpolate import interp1d
    from scipy.optimize import fmin

    x = np.asarray (x)
    y = np.asarray (y)
    halfmax = 0.5 * y.max ()

    # Guess from the actual samples.

    delta = y - halfmax
    guess1 = 0
    while delta[guess1] < 0:
        guess1 += 1
    guess2 = y.size - 1
    while delta[guess2] < 0:
        guess2 -= 1

    # Interpolate for fanciness.

    terp = interp1d (x, y, kind='linear', bounds_error=False, fill_value=0.)
    x1 = fmin (lambda x: (terp (x) - halfmax)**2, x[guess1], disp=False)
    x2 = fmin (lambda x: (terp (x) - halfmax)**2, x[guess2], disp=False)

    x1 = np.asscalar (x1)
    x2 = np.asscalar (x2)

    if x1 == x2:
        raise PKError ('halfmax finding failed')

    if x1 > x2:
        x1, x2 = x2, x1

    return x1, x2



# Organized storage of the bandpass info. This way we're extensible (ooh aah)
# and we don't have to run a bunch of code on module import.

class AlreadyDefinedError (PKError):
    pass

class NotDefinedError (PKError):
    pass


[docs]class Bandpass (object):
    """Computations regarding a particular filter bandpass.

    Functions:

    calc_halfmax_points   - Calculate the wavelengths of the filter half-maximum values.
    calc_pivot_wavelength - Calculate the filter's pivot wavelength.
    halfmax_points        - Get the filter half-maximum points (calculated if not cached).
    jy_to_flam            - Convert Jy in this filter to a f_λ.
    mag_to_flam           - Convert a magnitude in this filter to a f_λ.
    mag_to_fnu            - Convert a magnitude in this filter to a f_ν.
    pivot_wavelength      - Get the filter's pivot wavelength (calculated if not cached).
    synphot               - Compute synthetic photometry given a model spectrum.

    Attributes:

    band             - The name of this bandpass' associated band.
    native_flux_kind - Which kind of flux this bandpass is calibrated to: 'flam', 'fnu', or 'none'.
    registry         - This object's parent Registry instance.
    telescope        - The name of this bandpass' associated telescope.

    The underlying bandpass shape is assumed to be sampled at discrete points.
    It is stored in _data and loaded on-demand. The object is a Pandas
    DataFrame containing at least the columns 'wlen' and 'resp'. The former
    holds the wavelengths of the sample points, in Ångström and in ascending
    order. The latter gives the response curve in the EE convention. No
    particular normalization is assumed. Other columns may be present but are
    not used generically.

    """
    _data = None
    native_flux_kind = 'none'

    # These are set by the registry on construction:
    registry = None
    telescope = None
    band = None

    def _ensure_data (self):
        if self._data is None:
            self._data = self._load_data (self.band)
        return self._data


[docs]    def calc_pivot_wavelength (self):
        """Compute and return the bandpass' pivot wavelength.

        This value is computed directly from the bandpass data, not looked up
        in the Registry. Most of the values in the Registry were in fact
        derived from this function originally.

        """
        d = self._ensure_data ()
        return pivot_wavelength_ee (d)



[docs]    def pivot_wavelength (self):
        """Get the bandpass' pivot wavelength.

        Unlike calc_pivot_wavelength(), this function will use a cached
        value if available.

        """
        wl = self.registry._pivot_wavelengths.get ((self.telescope, self.band))
        if wl is not None:
            return wl

        wl = self.calc_pivot_wavelength ()
        self.registry.register_pivot_wavelength (self.telescope, self.band, wl)
        return wl



    def calc_halfmax_points (self):
        d = self._ensure_data ()
        return interpolated_halfmax_points (d.wlen, d.resp)


[docs]    def halfmax_points (self):
        """Get the bandpass' half-maximum wavelengths. These can be used to
        compute a representative bandwidth, or for display purposes.

        Unlike calc_halfmax_points(), this function will use a cached value if
        available.

        """
        t = self.registry._halfmaxes.get ((self.telescope, self.band))
        if t is not None:
            return t

        t = self.calc_halfmax_points ()
        self.registry.register_halfmaxes (self.telescope, self.band, t[0], t[1])
        return t



[docs]    def mag_to_fnu (self, mag):
        """Convert a magnitude in this band to a f_ν flux density.

        It is assumed that the magnitude has been computed in the appropriate
        photometric system. The definition of "appropriate" will vary from
        case to case.

        """
        if self.native_flux_kind == 'flam':
            return flam_ang_to_fnu_cgs (self.mag_to_flam (mag), self.pivot_wavelength ())
        raise PKError ('dont\'t know how to get f_ν from mag for bandpass %s/%s',
                       self.telescope, self.band)



[docs]    def mag_to_flam (self, mag):
        """Convert a magnitude in this band to a f_λ flux density.

        It is assumed that the magnitude has been computed in the appropriate
        photometric system. The definition of "appropriate" will vary from
        case to case.

        """
        if self.native_flux_kind == 'fnu':
            return fnu_cgs_to_flam_ang (self.mag_to_fnu (mag), self.pivot_wavelength ())
        raise PKError ('dont\'t know how to get f_λ from mag for bandpass %s/%s',
                       self.telescope, self.band)



[docs]    def jy_to_flam (self, jy):
        """Convert a f_ν flux density measured in Janskys to a f_λ flux density.

        This conversion is bandpass-dependent because it depends on the pivot
        wavelength of the bandpass used to measure the flux density.

        """
        return fnu_cgs_to_flam_ang (cgs.cgsperjy * jy, self.pivot_wavelength ())



[docs]    def synphot (self, wlen, flam):
        """`wlen` and `flam` give a tabulated model spectrum in wavelength and f_λ
        units. We interpolate linearly over both the model and the bandpass
        since they're both discretely sampled.

        Note that quadratic interpolation is both much slower and can blow up
        fatally in some cases. The latter issue might have to do with really large
        X values that aren't zero-centered, maybe?

        I used to use the quadrature integrator, but Romberg doesn't issue
        complaints the way quadrature did. I should probably acquire some idea
        about what's going on under the hood.

        """
        from scipy.interpolate import interp1d
        from scipy.integrate import romberg

        d = self._ensure_data ()

        mflam = interp1d (wlen, flam,
                          kind='linear',
                          bounds_error=False, fill_value=0)

        mresp = interp1d (d.wlen, d.resp,
                          kind='linear',
                          bounds_error=False, fill_value=0)

        bmin = d.wlen.min ()
        bmax = d.wlen.max ()

        numer = romberg (lambda x: mresp (x) * mflam (x),
                         bmin, bmax, divmax=20)
        denom = romberg (lambda x: mresp (x),
                         bmin, bmax, divmax=20)
        return numer / denom




[docs]class Registry (object):
    """A registry of known bandpass properties.

    Methods:

    bands                     - Return a list of bands associated with a telescope.
    get                       - Get a Bandpass object for a known telescope and filter.
    register_bpass            - Register a Bandpass class.
    register_halfmaxes        - Register precomputed half-max points.
    register_pivot_wavelength - Register precomputed pivot wavelengths.
    telescopes                - Return a list of telescopes known to this registry.

    """
    def __init__ (self):
        self._pivot_wavelengths = {}
        self._halfmaxes = {}
        self._bpass_classes = {}
        self._seen_bands = {}


    def _note (self, telescope, band):
        q = self._seen_bands.setdefault (telescope, set ())
        if band is not None:
            q.add (band)


[docs]    def telescopes (self):
        """Return a list of telescopes known to this registry."""
        return self._seen_bands.keys ()



[docs]    def bands (self, telescope):
        """Return a list of bands associated with the specified telescope."""
        q = self._seen_bands.get (telescope)
        if q is None:
            return []
        return list (q)



    def register_pivot_wavelength (self, telescope, band, wlen):
        if (telescope, band) in self._pivot_wavelengths:
            raise AlreadyDefinedError ('pivot wavelength for %s/%s already '
                                       'defined', telescope, band)
        self._note (telescope, band)
        self._pivot_wavelengths[telescope,band] = wlen
        return self


    def register_halfmaxes (self, telescope, band, lower, upper):
        if (telescope, band) in self._halfmaxes:
            raise AlreadyDefinedError ('half-max points for %s/%s already '
                                       'defined', telescope, band)
        self._note (telescope, band)
        self._halfmaxes[telescope,band] = (lower, upper)
        return self


    def register_bpass (self, telescope, klass):
        if telescope in self._bpass_classes:
            raise AlreadyDefinedError ('bandpass class for %s already '
                                       'defined', telescope)
        self._note (telescope, None)
        self._bpass_classes[telescope] = klass
        return self


    def get (self, telescope, band):
        klass = self._bpass_classes.get (telescope)
        if klass is None:
            raise NotDefinedError ('bandpass data for %s not defined', telescope)

        bp = klass ()
        bp.registry = self
        bp.telescope = telescope
        bp.band = band
        return bp



builtin_registrars = {}


[docs]def get_std_registry ():
    """Get a Registry object pre-filled with information for standard
    telescopes.

    """
    reg = Registry ()
    for fn in builtin_registrars.itervalues ():
        fn (reg)
    return reg


# Now, builtin information for a variety of telescopes. Document these
# aggressively! I have these in alphabetical order. 2MASS is first.


class TwomassBandpass (Bandpass):
    native_flux_kind = 'flam'

    def _load_data (self, band):
        df = bandpass_data_frame ('filter_2mass_' + band + '.dat', 'wlen resp')
        df.wlen *= 1e4 # micron to Angstrom
        return df

    _zeropoints = {
        # 2MASS Explanatory Supplement (VI.4.a) and Cohen+ 2003.
        # I've converted W/cm²/μm to erg/s/cm²/Å (factor of 1e3).
        'J': msmt.Uval.from_norm (3.129e-10, 5.464e-12),
        'H': msmt.Uval.from_norm (1.133e-10, 2.212e-12),
        'Ks': msmt.Uval.from_norm (4.283e-11, 8.053e-13),
    }

    def mag_to_flam (self, mag):
        return self._zeropoints[self.band] * 10**(-0.4 * mag)


def register_2mass (reg):
    reg.register_bpass ('2MASS', TwomassBandpass)

    # Computed myself from the filter response curves.
    reg.register_pivot_wavelength ('2MASS', 'J', 12371.)
    reg.register_pivot_wavelength ('2MASS', 'H', 16457.)
    reg.register_pivot_wavelength ('2MASS', 'Ks', 21603.)

    # Computed from filter responses using interpolator.
    reg.register_halfmaxes ('2MASS', 'J', 11316., 13465.)
    reg.register_halfmaxes ('2MASS', 'H', 15182., 17792.)
    reg.register_halfmaxes ('2MASS', 'Ks', 20242., 23026.)

builtin_registrars['2MASS'] = register_2mass


# Standard Bessell filters reproducing the Johnson/Cousins UBVRI photometric
# system, using Blanton & Roweis (2007) AB corrections to get a flux density
# scale. We don't support U since it's a bit funky; see Bessell (1990).

class BessellBandpass (Bandpass):
    native_flux_kind = 'fnu'

    def _load_data (self, band):
        """Bessell (1990) tries to determine standard filter responses that reproduce
        the Johnson/Cousins UBVRI photometric systems. Things are inherently
        imprecise because of the subtle differences between different workers'
        instruments and conventions, so it's not worth getting too worked up
        over precision.

        """
        return bandpass_data_frame ('filter_bessell_' + band + '.dat', 'wlen resp')

    _ab_corrections = {
        # Entries are m_AB - m_Vega. Data are from Blanton & Roweis (2007). We
        # skip ugriz and JHK_s since SDSS/2MASS-specific works should give
        # as-good or better results, I'd hope.
        'U': 0.79,
        'B': -0.09,
        'V': 0.02,
        'R': 0.21,
        'I': 0.45,
    }

    def mag_to_fnu (self, mag):
        """Convert a magnitude in the Johnson-Cousins system to a flux density. This
        is inherently not-so-precise since the actual conversion depends on
        the spectrum of the target and the actual passband of the filter used
        to make the observation, and a J-C magnitude is usually derived from
        instrumental magnitudes via some ad-hoc-ish transformation. But the
        following will be about right.

        """
        return abmag_to_fnu_cgs (mag + self._ab_corrections[self.band])


def register_bessell (reg):
    reg.register_bpass ('Bessell', BessellBandpass)

    # I computed these myself from the per-energy response curves.
    reg.register_pivot_wavelength ('Bessell', 'B', 4370.)
    reg.register_pivot_wavelength ('Bessell', 'V', 5478.)
    reg.register_pivot_wavelength ('Bessell', 'R', 6496.)
    reg.register_pivot_wavelength ('Bessell', 'I', 8020.)

    # Ditto.
    reg.register_halfmaxes ('Bessell', 'B', 3885., 4832.)
    reg.register_halfmaxes ('Bessell', 'V', 5013., 5865.)
    reg.register_halfmaxes ('Bessell', 'R', 5653., 7220.)
    reg.register_halfmaxes ('Bessell', 'I', 7283., 8826.)

builtin_registrars['Bessell'] = register_bessell


# GALEX

class GalexBandpass (Bandpass):
    # TODO: there are GALEX magnitudes, but the data products give flux
    # densities directly, so I haven't bothered to look up the conversions.
    native_flux_kind = 'none'

    def _load_data (self, band):
        """From Morrissey+ 2005, with the actual data coming from
        http://www.astro.caltech.edu/~capak/filters/. According to the latter,
        these are in QE units and thus need to be multiplied by the wavelength
        when integrating per-energy.

        """
        # `band` should be 'nuv' or 'fuv'
        df = bandpass_data_frame ('filter_galex_' + band + '.dat', 'wlen resp')
        df.resp *= df.wlen # QE -> EE response convention.
        return df


def register_galex (reg):
    reg.register_bpass ('GALEX', GalexBandpass)

    # I computed these myself from the per-energy response curves.
    reg.register_pivot_wavelength ('GALEX', 'nuv', 2305.)
    reg.register_pivot_wavelength ('GALEX', 'fuv', 1537.)

    # Ditto.
    reg.register_halfmaxes ('GALEX', 'nuv', 1956., 2746.)
    reg.register_halfmaxes ('GALEX', 'fuv', 1415., 1646.)

builtin_registrars['GALEX'] = register_galex


# LMIRCam on the LBT.

class LmircamBandpass (Bandpass):
    native_flux_kind = 'fnu'

    def _load_data (self, band):
        """Filter responses for LBT's LMIRCam. Emailed to me privately by Jarron
        Leisenring on 2014 May 8.

        """
        # `band` should be 'L'.
        df = bandpass_data_frame ('filter_lbt_lmircam_' + band + '.dat', 'wlen resp')
        df.wlen *= 1e4 # micron to Angstrom
        df.resp *= df.wlen # QE to equal-energy response.
        return df


    def mag_to_fnu (self, mag):
        """Compute F_ν for LBT LMIRCam data. This was for a one-off thing and I don't
        know if there's a reliable calibration of the photometric system to
        flux densities. It should be on an MKO-ish system, but who knows. I
        added this function to use the different pivot wavelength of the
        LMIRCam L filter, which is described as similar to, but not quite the
        same, as the MKO L'.

        """
        return cgs.cgsperjy * MkoBandpass._zeropoints[self.band + 'p'] * 10**(-0.4 * mag)


def register_lbt (reg):
    # Numbers calculated manually.
    reg.register_bpass ('LBT/LMIRCam', LmircamBandpass)
    reg.register_pivot_wavelength ('LBT/LMIRCam', 'L', 36696.)
    reg.register_halfmaxes ('LBT/LMIRCam', 'L', 34142., 39947.)

builtin_registrars['LBT'] = register_lbt


# MEarth. No absolute flux calibration available.

class MearthBandpass (Bandpass):
    native_flux_kind = 'none'

    def _load_data (self, band):
        """Filter response the MEarth camera. I currently only have the CCD+RG715
        system, not the interference-filter setup that was tried briefly. The
        docs say that the filter responses are somewhat different before and
        after the interference-filter experiment, but I don't think the
        information we have is sensitive to changes on those levels. The data
        were fundamentally made by reading points off of data sheets so
        they're not going to be the most accurate.

        I computed the filter response file myself by multiplying spline
        approximations to the CCD and RG715 response curves emailed to me by
        Jonathan Irwin on 2014 Jul 11. I should write up something explaining
        what I did for posterity/reproducibility. AFAIK the response curves
        aren't published anywhere besides a hard-to-read plot in Nutzman &
        Charbonneau (2008).

        """
        df = bandpass_data_frame ('filter_mearth_' + band + '.dat', 'wlen resp')
        df.resp *= df.wlen # QE to equal-energy response.
        return df


def register_mearth (reg):
    reg.register_bpass ('MEarth', MearthBandpass)
    reg.register_pivot_wavelength ('MEarth', 'ccd715', 8286.)
    reg.register_halfmaxes ('MEarth', 'ccd715', 7148., 9360.)

builtin_registrars['MEarth'] = register_mearth


# The Mauna Kea Observatory (MKO) IR filter system.

class MkoBandpass (Bandpass):
    native_flux_kind = 'fnu'

    def _load_data (self, band):
        """Filter responses for MKO NIR filters as specified in Tokunaga+ 2002 (see
        also Tokunaga+ 2005). I downloaded the L' profile from
        http://irtfweb.ifa.hawaii.edu/~nsfcam/hist/filters.2006.html.

        Pivot wavelengths from Tokunaga+ 2005 (Table 2) confirm that the
        profile is in QE convention, although my calculation of the pivot
        wavelength for L' is actually closer if I assume otherwise. M' and K_s
        are substantially better in QE convention, though, and based on the
        paper and nomenclature it seems more appropriate.

        """
        # `band` should be 'Lp'.
        df = bandpass_data_frame ('filter_mko_' + band + '.dat', 'wlen resp')
        # Put in increasing wavelength order:
        df = df[::-1]
        df.index = np.arange (df.shape[0])
        df.wlen *= 1e4 # micron to Angstrom
        df.resp *= df.wlen # QE to equal-energy response.
        return df

    _zeropoints = {
        # From Tokunaga+ (2005), sort of. They list Vega flux densities for
        # different MKO filters, and note that IR magnitude systems are
        # usually defined with Vega = 0.0 or Vega = ~0.03 mag. We need to
        # actually know the photometric system in use to really accurately set
        # a zeropoint. But, assuming that people haven't done anything
        # ridiculously strange, setting Vega=0 will be pretty close.
        #
        # Values are in Jy.
        'Lp': 249.,
    }

    def mag_to_fnu (self, mag):
        """Compute F_ν for an MKO IR filter band. There are some problems here since
        "MKO" is filters, not a photometric system, but people try to make
        Vega = 0.

        """
        return cgs.cgsperjy * self._zeropoints[self.band] * 10**(-0.4 * mag)


def register_mko (reg):
    reg.register_bpass ('MKO', MkoBandpass)
    # From Tokunaga+ (2005), since my calculation is a fair bit different.
    reg.register_pivot_wavelength ('MKO', 'Lp', 37520.)
    # Mine?
    reg.register_halfmaxes ('MKO', 'Lp', 34276., 41228.)

builtin_registrars['MKO'] = register_mko


# Sloan Digital Sky Survey primed photometric system. We fake things a bit and
# use the bandpasses for the unprimed filters on the main survey telescope.

class SdssBandpass (Bandpass):
    native_flux_kind = 'fnu'

    def _load_data (self, band):
        """Filter responses for SDSS. Data table from
        https://www.sdss3.org/binaries/filter_curves.fits, as linked from
        https://www.sdss3.org/instruments/camera.php#Filters. SHA1 hash of the
        file is d3f638c41e21489ba7d6dbe7bb8217d938f21184. "Determined by Jim
        Gunn in June 2001." Doi+ 2010 have updated estimates but these are
        per-column in the SDSS camera, which we don't care about.

        Note that these are for the main SDSS 2.5m telescope. Magnitudes in
        the primed SDSS system were determined on the "photometric telescope",
        and the whole reason for the existence of both primed and unprimed
        ugriz systems is that the two have filters with slightly different
        behavior. My current application involves an entirely different
        telescope emulating the primed SDSS photometric system, and their
        precise system response is neither going to be ultra-precisely
        characterized nor exactly equal to either of the SDSS systems. These
        responses will be good enough, though.

        Wavelengths are in Angstrom. Based on the pivot wavelengths listed in
        http://www.astro.ljmu.ac.uk/~ikb/research/mags-fluxes/, the data table
        stores QE responses, so we have to convert them to equal-energy
        responses. Responses both including and excluding the atmosphere are
        included; I use the former.

        """
        h = bandpass_data_fits ('sdss3_filter_responses.fits')
        section = 'ugriz'.index (band[0]) + 1
        d = h[section].data
        df = pd.DataFrame ({'wlen': d.wavelength, 'resp': d.respt})
        df.resp *= df.wlen # QE to equal-energy response.
        return df


    def mag_to_fnu (self, mag):
        """SDSS *primed* magnitudes to F_ν. The primed magnitudes are the "USNO"
        standard-star system defined in Smith+ (2002AJ....123.2121S) and
        Fukugita+ (1996AJ....111.1748F). This system is anchored to the AB
        magnitude system, and as far as I can tell it is not known to have
        measurable offsets from that system. (As of DR10, the *unprimed* SDSS
        system is known to have small offsets from AB, but I do not believe
        that that necessarily has implications for u'g'r'i'z'.)

        However, as far as I can tell the filter responses of the USNO
        telescope are not published -- only those of the main SDSS 2.5m
        telescope. The whole reason for the existence of both the primed and
        unprimed ugriz systems is that their responses do not quite match. For
        my current application, which involves a completely different
        telescope anyway, the difference shouldn't matter.

        """
        # `band` should be 'up', 'gp', 'rp', 'ip', or 'zp'.
        if len (band) != 2 or band[1] != 'p':
            raise ValueError ('band: ' + band)
        return abmag_to_fnu_cgs (mag)


def register_sdss (reg):
    reg.register_bpass ('SDSS', SdssBandpass)

    # I computed these myself.
    reg.register_pivot_wavelength ('SDSS', 'up', 3557.)
    reg.register_pivot_wavelength ('SDSS', 'gp', 4702.)
    reg.register_pivot_wavelength ('SDSS', 'rp', 6176.)
    reg.register_pivot_wavelength ('SDSS', 'ip', 7490.)
    reg.register_pivot_wavelength ('SDSS', 'zp', 8947.)

    # Ditto.
    reg.register_halfmaxes ('SDSS', 'up', 3295., 3861.)
    reg.register_halfmaxes ('SDSS', 'gp', 4160., 5335.)
    reg.register_halfmaxes ('SDSS', 'rp', 5622., 6753.)
    reg.register_halfmaxes ('SDSS', 'ip', 6917., 8171.)
    reg.register_halfmaxes ('SDSS', 'zp', 8291., 9290.)

builtin_registrars['SDSS'] = register_sdss


# Swift.

class SwiftUvotBandpass (Bandpass):
    # Swift routines output flux densities automatically so I haven't bothered
    # to look up the conversion from their magnitude system.
    native_flux_kind = 'none'

    _band_map = { 'UVW1': 'uw1' }

    def _load_data (self, band):
        """In-flight effective areas for the Swift UVOT, as obtained from the CALDB.
        See Breeveld+ 2011. XXX: confirm that these are equal-energy, not
        quantum-efficiency.

        """
        d = bandpass_data_fits ('sw' + self._band_map[band] + '_20041120v106.arf')[1].data

        # note:
        #   data.WAVE_MIN[i] < data.WAVE_MIN[i+1], but
        #   data.WAVE_MIN[i] > data.WAVE_MAX[i] (!)
        #   data.WAVE_MIN[i] = data.WAVE_MAX[i+1] (!)

        wmid = 0.5 * (d.WAVE_MIN + d.WAVE_MAX) # in Ångström
        df = pd.DataFrame ({'wlen': wmid, 'resp': d.SPECRESP,
                            'wlo': d.WAVE_MAX, 'whi': d.WAVE_MIN})
        return df


def register_swift (reg):
    reg.register_bpass ('Swift/UVOT', SwiftUvotBandpass)
    # Computed manually from Breeveld+2011 response.
    reg.register_pivot_wavelength ('Swift/UVOT', 'UVW1', 2517.)
    reg.register_halfmaxes ('Swift/UVOT', 'UVW1', 2278., 2931.)

builtin_registrars['Swift'] = register_swift


# WISE

class WiseBandpass (Bandpass):
    native_flux_kind = 'fnu'

    _filter_subsets = {
        # The WISE filter tables are all on a common grid, which means that
        # some of them have responses that are largely essentially zero. We
        # manually clip the arrays using the numbers below.
        1: (10, 150),
        2: (140, 290),
        3: (440, 1520),
        4: (1640, 2550),
    }

    def _load_data (band):
        """From the WISE All-Sky Explanatory Supplement, IV.4.h.i.1, and Jarrett+
        2011. These are relative response per erg and so can be integrated
        directly against F_nu spectra. Wavelengths are in micron,
        uncertainties are in parts per thousand.

        """
        # `band` should be 1, 2, 3, or 4.
        df = bandpass_data_frame ('filter_wise_' + str (band) + '.dat', 'wlen resp uncert')
        df.wlen *= 1e4 # micron to Angstrom
        df.uncert *= df.resp / 1000. # parts per thou. to absolute values.
        lo, hi = self._filter_subsets[band]
        df = df[lo:hi] # clip zero parts of response.
        return df

    _zeropoints = {
        # WISE Explanatory Supplement: IV.4.h.i.1; units are Jy. Color
        # corrections are necessary for sources with unusual spectra.
        1: 309.540,
        2: 171.787,
        3: 31.674,
        4: 8.363,
    }

    def mag_to_fnu (self, mag):
        return cgs.cgsperjy * self._zeropoints[self.band] * 10**(-0.4 * mag)


def register_wise (reg):
    reg.register_bpass ('WISE', WiseBandpass)

    # I computed these myself from the per-energy response curves.
    reg.register_pivot_wavelength ('WISE', 1, 33682.)
    reg.register_pivot_wavelength ('WISE', 2, 46179.)
    reg.register_pivot_wavelength ('WISE', 3, 120731.)
    reg.register_pivot_wavelength ('WISE', 4, 221942.)

    # Ditto.
    reg.register_halfmaxes ('WISE', 1, 31476., 37834.)
    reg.register_halfmaxes ('WISE', 2, 40906., 51980.)
    reg.register_halfmaxes ('WISE', 3, 100777., 163535.)
    reg.register_halfmaxes ('WISE', 4, 198530., 245927.)

builtin_registrars['WISE'] = register_wise





          

      

      

    


    
        © Copyright 2015, Peter K. G. Williams and collaborators.
      Created using Sphinx 1.3.1.
    

  

_modules/pwkit/parallel.html


    
      Navigation


      
        		
          index


        		
          modules |


        		pwkit 0.6.99 documentation »


          		Module code »


          		pwkit »

 
      


    


    
      
          
            
  Source code for pwkit.parallel

# -*- mode: python; coding: utf-8 -*-
# Copyright 2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""parallel - Tools for parallel processing.

Functions:

make_parallel_helper
  Return an object that sets up parallel computations.

See the make_parallel_helper() documentation for more details, but in short::

  from pwkit.parallel import make_parallel_helper

  def my_parallelizable_function (arg1, arg1, parallel=True):
      phelp = make_parallel_helper (parallel)
      ...

      with phelp.get_map () as map:
         results1 = map (my_subfunc1, subargs1)
         ...
         results2 = map (my_subfunc2, subargs2)

      ... do stuff with results1 and results2 ...

Setting `parallel=True` will use all cores. `parallel=0.5` will use about half
your machine. `parallel=False` will use serial processing. The helper must be
used as a context manager (the "with" statement) because the parallel
computation may involve creating and destroying heavyweight resources (namely,
child processes).

Along with standard `map`, `ParallelHelper` instances support a
"partially-Pickling" `map`-like function `ppmap` that works around
Pickle-related limitations in the `multiprocessing` library. See the docs for
`pwkit.parallel.serial_ppmap` for usage information.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'make_parallel_helper').split ()

import functools, signal
from multiprocessing.pool import Pool
from multiprocessing import Process, Queue, TimeoutError


def _initializer_wrapper (actual_initializer, *rest):
    """We ignore SIGINT. It's up to our parent to kill us in the typical condition
    of this arising from ``^C`` on a terminal. If someone is manually killing
    us with that signal, well... nothing will happen.

    """
    signal.signal (signal.SIGINT, signal.SIG_IGN)
    if actual_initializer is not None:
        actual_initializer (*rest)


class InterruptiblePool (Pool):
    """A modified version of `multiprocessing.pool.Pool` that has better
    behavior with regard to KeyboardInterrupts in the `map` method. Parameters:

    processes
      The number of worker processes to use; defaults to the number of CPUs.
    initializer
      Either None, or a callable that will be invoked by each worker
      process when it starts.
    initargs
      Arguments for `initializer`.
    kwargs
      Extra arguments. Python 2.7 supports a `maxtasksperchild` parameter.

    Python's multiprocessing.Pool class doesn't interact well with
    KeyboardInterrupt signals, as documented in places such as:

    - `<http://stackoverflow.com/questions/1408356/>`_
    - `<http://stackoverflow.com/questions/11312525/>`_
    - `<http://noswap.com/blog/python-multiprocessing-keyboardinterrupt>`_

    Various workarounds have been shared. Here, we adapt the one proposed in
    the last link above, by John Reese, and shared as

    - `<https://github.com/jreese/multiprocessing-keyboardinterrupt/>`_

    This version is a drop-in replacement for multiprocessing.Pool ... as long
    as the map() method is the only one that needs to be interrupt-friendly.

    """
    wait_timeout = 3600

    def __init__ (self, processes=None, initializer=None, initargs=(), **kwargs):
        new_initializer = functools.partial (_initializer_wrapper, initializer)
        super (InterruptiblePool, self).__init__ (processes, new_initializer,
                                                  initargs, **kwargs)


    def map (self, func, iterable, chunksize=None):
        """Equivalent of `map` built-in, without swallowing KeyboardInterrupt.

        func
          The function to apply to the items.
        iterable
          An iterable of items that will have `func` applied to them.

        """
        # The key magic is that we must call r.get() with a timeout, because a
        # Condition.wait() without a timeout swallows KeyboardInterrupts.
        r = self.map_async (func, iterable, chunksize)

        while True:
            try:
                return r.get (self.wait_timeout)
            except TimeoutError:
                pass
            except KeyboardInterrupt:
                self.terminate ()
                self.join ()
                raise
            # Other exceptions propagate up.


class ParallelHelper (object):
    """Object that helps genericize the setup needed for parallel computations.
    Each method returns a context manager that wraps up any resource
    allocation and deallocation that may need to occur to make the
    parallelization happen under the hood.

    ParallelHelper objects should be obtained by calling make_helper(), not
    direct construction, unless you have special needs. See the documentation
    of that function for an example of the general usage pattern.

    Once you have a ParallelHelper instance, usage should be something like::

        with phelp.get_map () as map:
            results_arr = map (my_function, my_args)

    Functions:

    get_map
      resolves a function that behaves as classic Python map()
    get_ppmap
      resolves a partially-Pickling map function (see below)

    The partially-Pickling map works around a limitation in the
    multiprocessing library. This library spawns subprocesses and executes
    parallel tasks by sending them to the subprocesses, which means that the
    data describing the task must be pickle-able. There are hacks so that you
    can pass functions defined in the global namespace but they're pretty much
    useless in production code. The "partially-Pickling map" works around this
    by using a different method that allows some arguments to the map
    operation to avoid being pickled. (Instead, they are directly inherited by
    fork()ed subprocesses.) See the docs for `pwkit.parallel.serial_ppmap` for
    usage information.

    """
    def get_map (self):
        raise NotImplementedError ('get_map() not available')

    def get_ppmap (self):
        raise NotImplementedError ('get_ppmap() not available')


class VacuousContextManager (object):
    def __init__ (self, value):
        self.value = value
    def __enter__ (self):
        return self.value
    def __exit__ (self, etype, evalue, etb):
        return False


def serial_ppmap (func, fixed_arg, var_arg_iter):
    """Partially-pickling map (serial version).

    Arguments:

    func
      A function.
    fixed_arg
      Any value.
    var_arg_iter
      An iterable that generates values.

    Returns: `[func (i, fixed_arg, x) for i, x in enumerate (var_arg_iter)]`

    This variant of the standard map() function exists to allow the
    parallel-processing system to work around Pickle-related limitations in
    the multiprocessing library. This particular incarnation operates serially
    and doesn't pickle anything at all, but its calling convention is the same
    as the parallelized version. In the parallel version, `func` and
    `fixed_arg` need not be Pickle-able, while `var_arg_iter` needs to
    generate Pickle-able values. The return values need to be Pickle-able too.

    """
    return [func (i, fixed_arg, x) for i, x in enumerate (var_arg_iter)]


class SerialHelper (ParallelHelper):
    """A `ParallelHelper` that actually does serial processing."""

    def __init__ (self, chunksize=None):
        # We accept and discard some of the multiprocessing kwargs that turn
        # into noops so that we can present a uniform API.
        pass

    def get_map (self):
        return VacuousContextManager (map)

    def get_ppmap (self):
        return VacuousContextManager (serial_ppmap)


def multiprocessing_ppmap_worker (in_queue, out_queue, func, fixed_arg):
    """Worker for the multiprocessing ppmap implementation. Strongly derived from
    code posted on StackExchange by "klaus se":
    `<http://stackoverflow.com/a/16071616/3760486>`_.

    """
    while True:
        i, var_arg = in_queue.get ()
        if i is None:
            break
        out_queue.put ((i, func (i, fixed_arg, var_arg)))


class MultiprocessingPoolHelper (ParallelHelper):
    """A `ParallelHelper` that parallelizes computations using Python's
    `multiprocessing.Pool` with a configurable number of processes. Actually,
    we use a wrapped version of `Pool` that handles KeyboardInterrupts more
    helpfully.

    """
    class InterruptiblePoolContextManager (object):
        def __init__ (self, methodname, methodkwargs={}, **kwargs):
            self.methodname = methodname
            self.methodkwargs = methodkwargs
            self.kwargs = kwargs

        def __enter__ (self):
            from functools import partial
            self.pool = InterruptiblePool (**self.kwargs)
            func = getattr (self.pool, self.methodname)
            return partial (func, **self.methodkwargs)

        def __exit__ (self, etype, evalue, etb):
            self.pool.terminate ()
            self.pool.join ()
            return False


    def __init__ (self, chunksize=None, **pool_kwargs):
        self.chunksize = chunksize
        self.pool_kwargs = pool_kwargs

    def get_map (self):
        return self.InterruptiblePoolContextManager ('map',
                                                     {'chunksize': self.chunksize},
                                                     **self.pool_kwargs)


    def _ppmap (self, func, fixed_arg, var_arg_iter):
        """The multiprocessing implementation of the partially-Pickling "ppmap"
        function. This doesn't use a Pool like map() does, because the whole
        problem is that Pool chokes on un-Pickle-able values. Strongly derived
        from code posted on StackExchange by "klaus se":
        `<http://stackoverflow.com/a/16071616/3760486>`_.

        This implementation could definitely be improved -- that's basically
        what the Pool class is all about -- but this gets us off the ground
        for those cases where the Pickle limitation is important.

        XXX This deadlocks if a child process crashes!!! XXX
        """
        n_procs = self.pool_kwargs.get ('processes')
        if n_procs is None:
            # Logic copied from multiprocessing.pool.Pool.__init__()
            try:
                from multiprocessing import cpu_count
                n_procs = cpu_count ()
            except NotImplementedError:
                n_procs = 1

        in_queue = Queue (1)
        out_queue = Queue ()
        procs = [Process (target=multiprocessing_ppmap_worker,
                          args=(in_queue, out_queue, func, fixed_arg))
                 for _ in xrange (n_procs)]

        for p in procs:
            p.daemon = True
            p.start ()

        i = -1

        for i, var_arg in enumerate (var_arg_iter):
            in_queue.put ((i, var_arg))

        n_items = i + 1
        result = [None] * n_items

        for p in procs:
            in_queue.put ((None, None))

        for _ in xrange (n_items):
            i, value = out_queue.get ()
            result[i] = value

        for p in procs:
            p.join ()

        return result

    def get_ppmap (self):
        return VacuousContextManager (self._ppmap)


[docs]def make_parallel_helper (parallel_arg, **kwargs):
    """Return a `ParallelHelper` object that can be used for easy parallelization
    of computations. `parallel_arg` is an object that lets the caller easily
    specify the kind of parallelization they are interested in. Allowed values
    are:

    False
      Serial processing only.
    True
      Parallel processing using all available cores.
    1
      Equivalent to `False`.
    (other positive integer)
      Parallel processing using the specified number of cores.
    x, 0 < x < 1
      Parallel processing using about (x*N) cores,
      where N is the total number of cores in the
      system. Note that the meanings of `0.99` and
      `1` as arguments are very different.
    (ParallelHelper instance)
      Returns the instance.

    The ``**kwargs`` are passed on to the appropriate ParallelHelper constructor,
    if the caller wants to do something tricky.

    Expected usage is::

        from pwkit.parallel import make_parallel_helper

        def sub_operation (arg):
            ... do some computation ...
            return result

        def my_parallelizable_function (arg1, arg2, parallel=True):
            phelp = make_parallel_helper (parallel)

            with phelp.get_map () as map:
                op_results = map (sub_operation, args)

            ... reduce "op_results" in some way ...
            return final_result

    This means that `my_parallelizable_function` doesn't have to worry about
    all of the various fancy things the caller might want to do in terms of
    special parallel magic.

    Note that `sub_operation` above must be defined in a stand-alone fashion
    because of the way Python's `multiprocessing` module works. This can be
    worked around somewhat with the special `get_ppmap` variant. This returns
    a "partially-Pickling" map operation -- with a different calling signature
    -- that allows un-Pickle-able values to be used. See the documentation for
    `pwkit.parallel.serial_ppmap` for usage information.

    """
    if parallel_arg is True: # note: (True == 1) is True
        return MultiprocessingPoolHelper (**kwargs)

    if parallel_arg is False or parallel_arg == 1:
        return SerialHelper (**kwargs)

    if parallel_arg > 0 and parallel_arg < 1:
        from multiprocessing import cpu_count
        n = int (round (parallel_arg * cpu_count ()))
        return MultiprocessingPoolHelper (processes=n, **kwargs)

    if isinstance (parallel_arg, ParallelHelper):
        return parallel_arg

    if isinstance (parallel_arg, (int, long)):
        return MultiprocessingPoolHelper (processes=parallel_arg, **kwargs)

    raise ValueError ('don\'t understand make_parallel_helper() argument %r'
                      % parallel_arg)
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  Source code for pwkit.ellipses

# -*- mode: python; coding: utf-8 -*-
# Copyright 2012-2015 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.ellipses - utilities for manipulating 2D Gaussians and ellipses

XXXXXXX
XXX this code is in an incomplete state of being vectorized!!!
XXXXXXX

Useful for sources and bivariate error distributions. We can express the shape
of the function in several ways, which have different strengths and
weaknesses:

* "biv", as in Gaussian bivariate: sigma x, sigma y, cov(x,y)
* "ell", as in ellipse: major, minor, PA [*]
* "abc": coefficients such that z = exp (ax² + bxy + cy²)

[*] Any slice through a 2D Gaussian is an ellipse. Ours is defined such it is
the same as a Gaussian bivariate when major = minor.

Note that when considering astronomical position angles, conventionally
defined as East from North, the Dec/lat axis should be considered the X axis
and the RA/long axis should be considered the Y axis.

NOTE: Pineau et al 2011A&A...527A.126P has some relevant equations, including
ones for computing the overlap of two error ellipses, which is something I've
had trouble figuring out in the past.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = b'''F2S S2F sigmascale clscale bivell bivnorm bivabc databiv bivrandom bivplot
           ellnorm ellpoint elld2 ellbiv ellabc ellplot abcell abcd2
           abcplot'''.split ()

import numpy as np

from .numutil import broadcastize

# Some utilities for scaling ellipse axis lengths

F2S = 1 / np.sqrt (8 * np.log (2)) # FWHM to sigma; redundant w/ astutil
S2F = np.sqrt (8 * np.log (2))


@broadcastize(1)
[docs]def sigmascale (nsigma):
    """Say we take a Gaussian bivariate and convert the parameters of the
    distribution to an ellipse (major, minor, PA). By what factor should we
    scale those axes to make the area of the ellipse correspond to the n-sigma
    confidence interval?

    Negative or zero values result in NaN.

    """
    from scipy.special import erfc
    return np.sqrt (-2 * np.log (erfc (nsigma / np.sqrt (2))))



@broadcastize(1)
[docs]def clscale (cl):
    """Say we take a Gaussian bivariate and convert the parameters of the
    distribution to an ellipse (major, minor, PA). By what factor should we
    scale those axes to make the area of the ellipse correspond to the
    confidence interval CL? (I.e. 0 < CL < 1)

    """
    rv = np.sqrt (-2 * np.log (1 - cl))
    rv[np.where (cl <= 0)] = np.nan
    return rv


# Bivariate form: sigma x, sigma y, cov(x,y)


def _bivcheck (sx, sy, cxy):
    if sx <= 0:
        raise ValueError ('negative sx (%.10e)' % sx)
    if sy <= 0:
        raise ValueError ('negative sy (%.10e)' % sy)
    if abs (cxy) >= sx * sy:
        raise ValueError ('illegal covariance (sx=%.10e, sy=%.10e, cxy=%.10e, '
                          'cxy/sxsy=%.16f)' % (sx, sy, cxy, cxy / (sx * sy)))
    return sx, sy, cxy # convenience


[docs]def bivell (sx, sy, cxy):
    """Given the parameters of a Gaussian bivariate distribution, compute the
    parameters for the equivalent 2D Gaussian in ellipse form (major, minor,
    pa).

    Inputs:

    * sx: standard deviation (not variance) of x var
    * sy: standard deviation (not variance) of y var
    * cxy: covariance (not correlation coefficient) of x and y

    Outputs:

    * mjr: major axis of equivalent 2D Gaussian (sigma, not FWHM)
    * mnr: minor axis
    * pa: position angle, rotating from +x to +y

    Lots of sanity-checking because it's obnoxiously easy to have numerics
    that just barely blow up on you.

    """
    # See CfA notebook #1 pp. 129-133.
    _bivcheck (sx, sy, cxy)
    from numpy import arctan2, sqrt

    sx2, sy2, cxy2 = sx**2, sy**2, cxy**2

    pa = 0.5 * arctan2 (2 * cxy, sx2 - sy2)
    h = sqrt ((sx2 - sy2)**2 + 4*cxy2)

    t = 2 * (sx2 * sy2 - cxy2) / (sx2 + sy2 - h)
    if t < 0:
        raise ValueError ('covariance just barely out of bounds [1] '
                          '(sx=%.10e, sy=%.10e, cxy=%.10e, cxy/sxsy=%.16f)' %
                          (sx, sy, cxy, cxy / (sx * sy)))
    mjr = sqrt (t)

    t = 2 * (sx2 * sy2 - cxy2) / (sx2 + sy2 + h)
    if t < 0: # if we got this far, shouldn't happen, but ...
        raise ValueError ('covariance just barely out of bounds [2] '
                          '(sx=%.10e, sy=%.10e, cxy=%.10e, cxy/sxsy=%.16f)' %
                          (sx, sy, cxy, cxy / (sx * sy)))
    mnr = sqrt (t)

    return ellnorm (mjr, mnr, pa)



[docs]def bivnorm (sx, sy, cxy):
    """Given the parameters of a Gaussian bivariate distribution, compute the
    correct normalization for the equivalent 2D Gaussian. It's 1 / (2 pi sqrt
    (sx**2 sy**2 - cxy**2). This function adds a lot of sanity checking.

    Inputs:

    * sx: standard deviation (not variance) of x var
    * sy: standard deviation (not variance) of y var
    * cxy: covariance (not correlation coefficient) of x and y

    Returns: the scalar normalization

    """
    _bivcheck (sx, sy, cxy)
    from numpy import pi, sqrt

    t = (sx * sy)**2 - cxy**2
    if t <= 0:
        raise ValueError ('covariance just barely out of bounds '
                          '(sx=%.10e, sy=%.10e, cxy=%.10e, cxy/sxsy=%.16f)' %
                          (sx, sy, cxy, cxy / (sx * sy)))
    return (2 * pi * sqrt (t))**-1



[docs]def bivabc (sx, sy, cxy):
    """Compute nontrivial parameters for evaluating a bivariate distribution
    as a 2D Gaussian. Inputs:

    * sx: standard deviation (not variance) of x var
    * sy: standard deviation (not variance) of y var
    * cxy: covariance (not correlation coefficient) of x and y

    Returns: (a, b, c), where z = k exp (ax² + bxy + cy²)

    The proper value for k can be obtained from bivnorm().

    """
    _bivcheck (sx, sy, cxy)

    sx2, sy2, cxy2 = sx**2, sy**2, cxy**2
    t = 1. / (sx2 * sy2 - cxy2)
    if t <= 0:
        raise ValueError ('covariance just barely out of bounds '
                          '(sx=%.10e, sy=%.10e, cxy=%.10e, cxy/sxsy=%.16f)' %
                          (sx, sy, cxy, cxy / (sx * sy)))

    a = -0.5 * sy2 * t
    c = -0.5 * sx2 * t
    b = cxy * t
    return _abccheck (a, b, c)



[docs]def databiv (xy, coordouter=False, **kwargs):
    """Compute the main parameters of a bivariate distribution from data. The
    parameters are returned in the same format as used in the rest of this
    module.

    * xy: a 2D data array of shape (2, nsamp) or (nsamp, 2)
    * coordouter: if True, the coordinate axis is the outer axis; i.e.
      the shape is (2, nsamp). Otherwise, the coordinate axis is the
      inner axis; i.e. shape is (nsamp, 2).

    Returns: (sx, sy, cxy)

    In both cases, the first slice along the coordinate axis gives the X data
    (i.e., xy[0] or xy[:,0]) and the second slice gives the Y data (xy[1] or
    xy[:,1]).

    """
    xy = np.asarray (xy)
    if xy.ndim != 2:
        raise ValueError ('"xy" must be a 2D array')

    if coordouter:
        if xy.shape[0] != 2:
            raise ValueError ('if "coordouter" is True, first axis of "xy" '
                              'must have size 2')
    else:
        if xy.shape[1] != 2:
            raise ValueError ('if "coordouter" is False, second axis of "xy" '
                              'must have size 2')

    cov = np.cov (xy, rowvar=coordouter, **kwargs)
    sx, sy = np.sqrt (np.diag (cov))
    cxy = cov[0,1]
    return _bivcheck (sx, sy, cxy)



[docs]def bivrandom (x0, y0, sx, sy, cxy, size=None):
    """Compute random values distributed according to the specified bivariate
    distribution.

    Inputs:

    * x0: the center of the x distribution (i.e. its intended mean)
    * y0: the center of the y distribution
    * sx: standard deviation (not variance) of x var
    * sy: standard deviation (not variance) of y var
    * cxy: covariance (not correlation coefficient) of x and y
    * size (optional): the number of values to compute

    Returns: array of shape (size, 2); or just (2, ), if size was not
      specified.

    The bivariate parameters of the generated data are approximately
    recoverable by calling 'databiv(retval)'.

    """
    from numpy.random import multivariate_normal as mvn
    p0 = np.asarray ([x0, y0])
    cov = np.asarray ([[sx**2, cxy],
                       [cxy, sy**2]])
    return mvn (p0, cov, size)



def bivplot (sx, sy, cxy, **kwargs):
    _bivcheck (sx, sy, cxy)
    return ellplot (*bivell (sx, sy, cxy), **kwargs)


# Ellipse form: major, minor, pa

def _ellcheck (mjr, mnr, pa):
    if mjr <= 0:
        raise ValueError ('mjr must be positive (%.10e)' % mjr)
    if mnr <= 0:
        raise ValueError ('mnr must be positive (%.10e)' % mnr)
    if mnr > mjr:
        raise ValueError ('mnr must be less than mjr (mnr=%.10e, '
                          'mjr=%.10e)' % (mnr, mjr))
    return mjr, mnr, pa


@broadcastize (3, ret_spec=(0, 0, 0))
def ellnorm (mjr, mnr, pa):
    bad = (mjr <= 0) | (mnr <= 0)
    half_pi = 0.5 * np.pi

    # swap major and minor if minor is bigger
    swap = np.where (mnr > mjr)
    temp = mnr[swap]
    mnr[swap] = mjr[swap]
    mjr[swap] = temp
    pa[swap] += half_pi

    # center PA in [-pi/2, +pi/2]
    pa = ((pa + half_pi) % np.pi) - half_pi

    mjr[bad] = np.nan
    mnr[bad] = np.nan
    pa[bad] = np.nan

    return mjr, mnr, pa


[docs]def ellpoint (mjr, mnr, pa, th):
    """Compute a point on an ellipse parametrically. Inputs:

    * mjr: major axis (sigma not FWHM) of the ellipse
    * mnr: minor axis (sigma not FWHM) of the ellipse
    * pa: position angle (from +x to +y) of the ellipse, radians
    * th: the parameter, 0 <= th < 2pi: the eccentric anomaly

    Returns: (x, y)

    th may be a vector, in which case x and y will be as well.
    """
    _ellcheck (mjr, mnr, pa)
    from numpy import cos, sin

    ct, st = cos (th), sin (th)
    cp, sp = cos (pa), sin (pa)
    x = mjr * cp * ct - mnr * sp * st
    y = mjr * sp * ct + mnr * cp * st
    return x, y



[docs]def elld2 (x0, y0, mjr, mnr, pa, x, y):
    """Given an 2D Gaussian expressed as an ellipse (major, minor, pa), compute a
    "squared distance parameter" such that

       z = exp (-0.5 * d2)

    Inputs:

    * x0: position of Gaussian center on x axis
    * y0: position of Gaussian center on y axis
    * mjr: major axis (sigma not FWHM) of the Gaussian
    * mnr: minor axis (sigma not FWHM) of the Gaussian
    * pa: position angle (from +x to +y) of the Gaussian, radians
    * x: x coordinates of the locations for which to evaluate d2
    * y: y coordinates of the locations for which to evaluate d2

    Returns: d2, distance parameter defined as above.

    x0, y0, mjr, and mnr may be in any units so long as they're consistent. x
    and y may be arrays (of the same shape), in which case d2 will be an array
    as well.

    """
    _ellcheck (mjr, mnr, pa)

    dx, dy = x - x0, y - y0
    c, s = np.cos (pa), np.sin (pa)
    a = c * dx + s * dy
    b = -s * dx + c * dy
    return (a / mjr)**2 + (b / mnr)**2



[docs]def ellbiv (mjr, mnr, pa):
    """Given a 2D Gaussian expressed as an ellipse (major, minor, pa), compute the
    equivalent parameters for a Gaussian bivariate distribution. We assume
    that the ellipse is normalized so that the functions evaluate identicall
    for major = minor.

    Inputs:

    * mjr: major axis (sigma not FWHM) of the Gaussian
    * mnr: minor axis (sigma not FWHM) of the Gaussian
    * pa: position angle (from +x to +y) of the Gaussian, radians

    Returns:

    * sx: standard deviation (not variance) of x var
    * sy: standard deviation (not variance) of y var
    * cxy: covariance (not correlation coefficient) of x and y

    """
    _ellcheck (mjr, mnr, pa)

    cpa, spa = np.cos (pa), np.sin (pa)
    q = np.asarray ([[cpa, -spa],
                     [spa, cpa]])
    cov = np.dot (q, np.dot (np.diag ([mjr**2, mnr**2]), q.T))
    sx = np.sqrt (cov[0,0])
    sy = np.sqrt (cov[1,1])
    cxy = cov[0,1]

    return _bivcheck (sx, sy, cxy)



[docs]def ellabc (mjr, mnr, pa):
    """Given a 2D Gaussian expressed as an ellipse (major, minor, pa), compute the
    nontrivial parameters for its evaluation.

    * mjr: major axis (sigma not FWHM) of the Gaussian
    * mnr: minor axis (sigma not FWHM) of the Gaussian
    * pa: position angle (from +x to +y) of the Gaussian, radians

    Returns: (a, b, c), where z = exp (ax² + bxy + cy²)

    """
    _ellcheck (mjr, mnr, pa)

    cpa, spa = np.cos (pa), np.sin (pa)
    mjrm2, mnrm2 = mjr**-2, mnr**-2

    a = -0.5 * (cpa**2 * mjrm2 + spa**2 * mnrm2)
    c = -0.5 * (spa**2 * mjrm2 + cpa**2 * mnrm2)
    b = cpa * spa * (mnrm2 - mjrm2)

    return _abccheck (a, b, c)



def double_ell_distance (mjr0, mnr0, pa0, mjr1, mnr1, pa1, dx, dy):
    """Given two ellipses separated by *dx* and *dy*, compute their separation in
    terms of σ. Based on Pineau et al (2011A&A...527A.126P).

    The "0" ellipse is taken to be centered at (0, 0), while the "1"
    ellipse is centered at (dx, dy).

    """
    # 1. We need to rotate the frame so that ellipse 1 lies on the X axis.
    theta = -np.arctan2 (dy, dx)

    # 2. We also need to express these rotated ellipses in "biv" format.
    sx0, sy0, cxy0 = ellbiv (mjr0, mnr0, pa0 + theta)
    sx1, sy1, cxy1 = ellbiv (mjr1, mnr1, pa1 + theta)

    # 3. The separation between the centers is still just:
    d = np.sqrt (dx**2 + dy**2)

    # 4. When convolving Gaussians, covariance matrices just sum, but we work
    # with sigmas, not variances. Therefore the convolution of the two is:
    sx = np.sqrt (sx0**2 + sx1**2)
    sy = np.sqrt (sy0**2 + sy1**2)
    cxy = cxy0 + cxy1

    # 5. The effective sigma in the purely X direction, taking into account
    # the covariance term, is:
    sigma_eff = sx * np.sqrt (1 - (cxy / (sx * sy))**2)

    # 6. Therefore the answer is:
    return d / sigma_eff


[docs]def ellplot (mjr, mnr, pa):
    """Utility for debugging."""
    _ellcheck (mjr, mnr, pa)
    import omega as om

    th = np.linspace (0, 2 * np.pi, 200)
    x, y = ellpoint (mjr, mnr, pa, th)
    return om.quickXY (x, y, 'mjr=%f mnr=%f pa=%f' %
                       (mjr, mnr, pa * 180 / np.pi))


# "ABC" form (maybe better called polynomial form): exp (Ax² + Bxy + Cy²)


@broadcastize (3)
def _abccheck (a, b, c):
    "This returns a boolean array; True indicates bad values."
    return (a >= 0) | (c >= 0) | (b**2 >= 4 * a * c)


@broadcastize (3, ret_spec=(0, 0, 0))
[docs]def abcell (a, b, c):
    """Given the nontrivial parameters for evaluation a 2D Gaussian as a
    polynomial, compute the equivalent ellipse parameters (major, minor, pa)

    Inputs: (a, b, c), where z = exp (ax² + bxy + cy²)

    Returns:

    * mjr: major axis (sigma not FWHM) of the Gaussian
    * mnr: minor axis (sigma not FWHM) of the Gaussian
    * pa: position angle (from +x to +y) of the Gaussian, radians

    """
    from numpy import arctan2, sqrt

    bad = _abccheck (a, b, c)
    pa = 0.5 * arctan2 (b, a - c)

    t1 = np.sqrt ((a - c)**2 + b**2)
    t2 = -t1 - a - c
    bad |= (t2 <= 0)
    mjr = t2**-0.5

    t2 = t1 - a - c
    bad |= (t2 <= 0)
    mnr = t2**-0.5

    w = np.where (bad)
    mjr[w] = np.nan
    mnr[w] = np.nan
    pa[w] = np.nan

    return ellnorm (mjr, mnr, pa)



[docs]def abcd2 (x0, y0, a, b, c, x, y):
    """Given an 2D Gaussian expressed as the ABC polynomial coefficients, compute
    a "squared distance parameter" such that

       z = exp (-0.5 * d2)

    Inputs:

    * x0: position of Gaussian center on x axis
    * y0: position of Gaussian center on y axis
    * a: such that z = exp (ax² + bxy + cy²)
    * b: see above
    * c: see above
    * x: x coordinates of the locations for which to evaluate d2
    * y: y coordinates of the locations for which to evaluate d2

    Returns: d2, distance parameter defined as above.

    This is pretty trivial.

    """
    _abccheck (a, b, c)
    dx, dy = x - x0, y - y0
    return -2 * (a * dx**2 + b * dx * dy + c * dy**2)



def abcplot (a, b, c, **kwargs):
    _abccheck (a, b, c)
    return ellplot (*abcell (a, b, c), **kwargs)
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  Source code for pwkit.astimage

# -*- mode: python; coding: utf-8 -*-
# Copyright 2012-2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.astimage -- generic loading of (radio) astronomical images

Use `open (path, mode)` to open an astronomical image, regardless of its file
format.

The emphasis of this module is on getting 90%-good-enough semantics and a
really, genuinely, uniform interface. This can be tough to achieve.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

# Developer notes:
"""Note that CASA allegedly supports HDF5, FITS, and MIRIAD format images too.
Frankly, I don't trust it, I don't like its API, and I don't want to rely on
some variant of casacore being installed.

TODO: axis types (ugh standardizing these would be a bear)
      Some kind of way to get generic formatting of RA/Dec, glat/glon,
      etc would be nice.

TODO: image units (ie, "set units to Jy/px"; standardization also a pain)

"""
__all__ = (b'UnsupportedError AstroImage MIRIADImage PyrapImage '
           b'FITSImage SimpleImage open').split ()

import numpy as np
from numpy import pi

from . import PKError
from .astutil import D2R, R2D


class UnsupportedError (PKError):
    pass


def _load_fits_module ():
    try:
        from astropy.io import fits
        return fits
    except ImportError:
        pass

    try:
        import pyfits
        import warnings

        # YARRRRGGHH. Some versionfs of Pyfits override functions in the
        # warnings module for no good reason. (The motivation seems to be
        # compat with Python <2.6.) Part of what it does is to make warnings
        # be printed to stdout, rather than stderr, which breaks things if
        # you're printing specially-formatted output to stdout and a random
        # warning comes up. Hypothetically. At least the original routines are
        # backed up.

        if hasattr (pyfits.core, '_formatwarning'):
            warnings.formatwarning = pyfits.core._formatwarning

        if hasattr (pyfits.core, '_showwarning'):
            warnings.showwarning = pyfits.core._showwarning

        return pyfits
    except ImportError:
        pass

    raise UnsupportedError ('cannot open FITS images without either the '
                            '"astropy.io.fits" or "pyfits" modules')


def _load_wcs_module ():
    try:
        from astropy import wcs
        return wcs
    except ImportError:
        pass

    try:
        import pywcs
        return pywcs
    except ImportError:
        pass

    raise UnsupportedError ('cannot open this image without either the '
                            '"astropy.wcs" or "pywcs" modules')


def _create_wcs (fitsheader):
    """For compatibility between astropy and pywcs."""
    wcsmodule = _load_wcs_module ()
    is_pywcs = hasattr (wcsmodule, 'UnitConverter')

    wcs = wcsmodule.WCS (fitsheader)
    wcs.wcs.set ()
    wcs.wcs.fix () # I'm interested in MJD computation via datfix()

    if hasattr (wcs, 'wcs_pix2sky'):
        wcs.wcs_pix2world = wcs.wcs_pix2sky
        wcs.wcs_world2pix = wcs.wcs_sky2pix

    return wcs


[docs]class AstroImage (object):
    """An astronomical image.

    path
      The filesystem path of the image.
    mode
      Its access mode: 'r' for read, 'rw' for read/write.
    shape
      The data shape, like numpy.ndarray.shape.
    bmaj
      If not None, the restoring beam FWHM major axis in radians.
    bmin
      If not None, the restoring beam FWHM minor axis in radians.
    bpa
      If not None, the restoring beam position angle (east from celestial
      north) in radians.
    units
      Lower-case string describing image units (e.g., jy/beam, jy/pixel).
      Not standardized between formats.
    pclat
      Latitude (usually dec) of the pointing center in radians.
    pclon
      Longitude (usually RA) of the pointing center in radians.
    charfreq
      Characteristic observing frequency of the image in GHz.
    mjd
      Mean MJD of the observations.
    axdescs
      If not None, list of strings describing the axis types.
      Not standardized.
    size
      The number of pixels in the image (=shape.prod ()).

    Methods:

    close
      Close the image.
    read
      Read all of the data.
    write
      Rewrite all of the data.
    toworld
      Convert pixel coordinates to world coordinates.
    topixel
      Convert world coordinates to pixel coordinates.
    simple
      Convert to a 2D lat/lon image.
    subimage
      Extract a sub-cube of the image.
    save_copy
      Save a copy of the image.
    save_as_fits
      Save a copy of the image in FITS format.
    delete
      Delete the on-disk image.

    """
    path = None
    mode = None
    _handle = None

    _latax = None # index of the spatial latitude axis
    _lonax = None # ditto for longitude
    _specax = None # ditto for spectral axis (may be freq or velocity!)

    shape = None
    "An integer ndarray of the image shape"

    bmaj = None
    "If not None, the restoring beam FWHM major axis in radians"

    bmin = None
    "If not None, the restoring beam FWHM minor axis in radians"

    bpa = None
    """If not None, the restoring beam position angle (east
    from celestial north) in radians"""

    units = None
    "Lower-case string describing image units (e.g., jy/beam, jy/pixel)"

    pclat = None
    "Latitude of the pointing center in radians"

    pclon = None
    "Longitude of the pointing center in radians"

    charfreq = None
    "Characteristic observing frequency of the image in GHz"
    # NOTE: we get this from evaluating the spectral axis in its middle
    # pixel, not the reference value.

    mjd = None
    "Mean MJD of the observations"

    axdescs = None
    """If not None, list of strings describing the axis types;
    no standard format."""

    def __init__ (self, path, mode):
        self.path = path
        self.mode = mode


    def __del__ (self):
        self.close ()


    def close (self):
        if self._handle is not None:
            self._close_impl ()
            self._handle = None


    def __enter__ (self):
        return self


    def __exit__ (self, etype, evalue, traceback):
        self.close ()
        return False # raise any exception that may have happened


    def _checkOpen (self):
        if self._handle is None:
            raise UnsupportedError ('this operation cannot be performed on the '
                                    'closed image at "%s"', self.path)


    def _checkWriteable (self):
        if self.mode == 'r':
            raise UnsupportedError ('this operation cannot be performed on the '
                                    'read-only image at "%s"', self.path)


    @property
    def size (self):
        return np.prod (self.shape)


    def read (self, squeeze=False, flip=False):
        raise NotImplementedError ()


    def write (self, data):
        raise NotImplementedError ()


    def toworld (self, pixel):
        raise NotImplementedError ()


    def topixel (self, world):
        raise NotImplementedError ()


    def simple (self):
        if self._latax == 0 and self._lonax == 1 and self.shape.size == 2:
            return self # noop
        return SimpleImage (self)


[docs]    def subimage (self, pixofs, shape):
        """Extract a sub-cube of this image.

        Both `pixofs` and `shape` should be integer arrays with as many
        elements as this image has axes. Thinking of this operation as taking
        a Python slice of an N-dimensional cube, the i'th axis of the
        sub-image is slices from `pixofs[i]` to `pixofs[i] + shape[i]`.

        """
        return NaiveSubImage (self, pixofs, shape)



    def save_copy (self, path, overwrite=False, openmode=None):
        raise NotImplementedError ()


    def save_as_fits (self, path, overwrite=False, openmode=None):
        raise NotImplementedError ()


    def delete (self):
        raise NotImplementedError ()



def maybescale (x, a):
    if x is None:
        return None
    return a * x


def maybelower (x):
    if x is None:
        return None
    return x.lower ()


# We use astropy.wcs/WCSLIB/pywcs for coordinates for both FITS and MIRIAD
# images. It does two things that we don't like. First of all, it stores axes
# in Fortran style, with the first axis being the most rapidly varying.
# Secondly, it does all of its angular work in degrees, not radians (why??).
# We fix these up as best we can.

def _get_wcs_scale (wcs, naxis):
    wcsmodule = _load_wcs_module ()
    wcscale = np.ones (naxis)

    is_pywcs = hasattr (wcsmodule, 'UnitConverter')
    if not is_pywcs:
        from astropy.units import UnitsError, rad

    for i in xrange (naxis):
        u = wcs.wcs.cunit[wcscale.size - 1 - i]

        if is_pywcs:
            try:
                uc = wcsmodule.UnitConverter (u.strip (), 'rad')
                wcscale[i] = uc.scale
            except SyntaxError: # !! pywcs 1.10
                pass # not an angle unit; don't futz.
            except ValueError: # pywcs 1.11
                pass
        else:
            try:
                wcscale[i] = u.to (rad)
            except UnitsError:
                pass # not an angle unit

    return wcscale


def _wcs_toworld (wcs, pixel, wcscale, naxis):
    # TODO: we don't allow the usage of "SIP" or "Paper IV"
    # transformations, let alone a concatenation of these, because
    # they're not invertible.

    pixel = np.asarray (pixel)
    if pixel.shape != (naxis, ):
        raise ValueError ('pixel coordinate must be a %d-element vector', naxis)

    pixel = pixel.reshape ((1, naxis))[:,::-1]
    world = wcs.wcs_pix2world (pixel, 0)
    return world[0,::-1] * wcscale


def _wcs_topixel (wcs, world, wcscale, naxis):
    world = np.asarray (world)
    if world.shape != (naxis, ):
        raise ValueError ('world coordinate must be a %d-element vector', naxis)

    world = (world / wcscale)[::-1].reshape ((1, naxis))
    pixel = wcs.wcs_world2pix (world, 0)
    return pixel[0,::-1]


def _wcs_axes (wcs, naxis):
    lat = lon = spec = None

    if wcs.wcs.lat >= 0:
        lat = naxis - 1 - wcs.wcs.lat
    if wcs.wcs.lng >= 0:
        lon = naxis - 1 - wcs.wcs.lng
    if wcs.wcs.spec >= 0:
        spec = naxis - 1 - wcs.wcs.spec

    return lat, lon, spec


def _wcs_get_freq (wcs, specval):
    from mirtask._miriad_c import mirwcs_compute_freq
    assert wcs.wcs.spec >= 0
    spectype = wcs.wcs.ctype[wcs.wcs.spec][:4]
    return mirwcs_compute_freq (spectype, specval, wcs.wcs.restfrq) * 1e-9


[docs]class MIRIADImage (AstroImage):
    """A MIRIAD format image. Requires the `mirtask` module from miriad-python."""

    _modemap = {'r': 'rw', # no true read-only option
                'rw': 'rw'
                }

    def __init__ (self, path, mode):
        try:
            from mirtask import XYDataSet
        except ImportError:
            raise UnsupportedError ('cannot open MIRIAD images without the '
                                    'Python module "mirtask"')

        super (MIRIADImage, self).__init__ (path, mode)

        self._handle = h = XYDataSet (path, self._modemap[mode])
        self._wcs, warnings = h.wcs ()

        if hasattr (self._wcs, 'wcs_pix2sky'):
            self._wcs.wcs_pix2world = self._wcs.wcs_pix2sky
            self._wcs.wcs_world2pix = self._wcs.wcs_sky2pix

        for w in warnings:
            # Whatever.
            import sys
            print ('irregularity in coordinates of "%s": %s' % (self.path, w),
                   file=sys.stderr)

        naxis = h.getScalarItem ('naxis', 0)
        self.shape = np.empty (naxis, dtype=np.int)
        self.axdescs = []

        for i in xrange (naxis):
            q = naxis - i
            self.shape[i] = h.getScalarItem ('naxis%d' % q, 1)
            self.axdescs.append (h.getScalarItem ('ctype%d' % q, '???'))

        self.units = maybelower (h.getScalarItem ('bunit'))

        self.bmaj = h.getScalarItem ('bmaj')
        if self.bmaj is not None:
            self.bmin = h.getScalarItem ('bmin', self.bmaj)
            self.bpa = h.getScalarItem ('bpa', 0) * D2R

        self.pclat = h.getScalarItem ('obsdec')
        if self.pclat is not None:
            self.pclon = h.getScalarItem ('obsra')
        else:
            try:
                import mirtask.mostable
            except ImportError:
                pass
            else:
                mt = mirtask.mostable.readDataSet (h)[0] # ignore WCS warnings here
                if mt.radec.shape[0] == 1:
                    self.pclat = mt.radec[0,1]
                    self.pclon = mt.radec[0,0]

        self._wcscale = _get_wcs_scale (self._wcs, self.shape.size)
        self._latax, self._lonax, self._specax = _wcs_axes (self._wcs, self.shape.size)

        if self._specax is not None:
            try:
                from mirtask._miriad_c import mirwcs_compute_freq
            except ImportError:
                pass
            else:
                specval = self.toworld (0.5 * (self.shape - 1))[self._specax]
                self.charfreq = _wcs_get_freq (self._wcs, specval)

        jd = h.getScalarItem ('obstime')
        if jd is not None:
            self.mjd = jd - 2400000.5


    def _close_impl (self):
        self._handle.close ()


    def read (self, squeeze=False, flip=False):
        self._checkOpen ()
        nonplane = self.shape[:-2]

        if nonplane.size == 0:
            data = self._handle.readPlane ([], topIsZero=flip)
        else:
            data = np.ma.empty (self.shape, dtype=np.float32)
            data.mask = np.zeros (self.shape, dtype=np.bool)
            n = np.prod (nonplane)
            fdata = data.reshape ((n, self.shape[-2], self.shape[-1]))

            for i in xrange (n):
                # Must convert from C to Fortran indexing convention
                axes = np.unravel_index (i, nonplane)[::-1]
                self._handle.readPlane (axes, fdata[i], topIsZero=flip)

        if squeeze:
            data = data.squeeze ()

        return data


    def write (self, data):
        data = np.ma.asarray (data)

        if data.shape != tuple (self.shape):
            raise ValueError ('"data" is wrong shape: got %s, want %s' \
                                  % (data.shape, tuple (self.shape)))

        self._checkOpen ()
        self._checkWriteable ()
        nonplane = self.shape[:-2]

        if nonplane.size == 0:
            self._handle.writePlane (data, [])
        else:
            n = np.prod (nonplane)
            fdata = data.reshape ((n, self.shape[-2], self.shape[-1]))

            for i in xrange (n):
                axes = np.unravel_index (i, nonplane)
                self._handle.writePlane (fdata[i], axes)

        return self


    def toworld (self, pixel):
        # self._wcs is still valid if we've been closed, so no need
        # to _checkOpen().

        if self._wcs is None:
            raise UnsupportedError ('world coordinate information is required '
                                    'but not present in "%s"', self.path)

        return _wcs_toworld (self._wcs, pixel, self._wcscale, self.shape.size)


    def topixel (self, world):
        if self._wcs is None:
            raise UnsupportedError ('world coordinate information is required '
                                    'but not present in "%s"', self.path)

        return _wcs_topixel (self._wcs, world, self._wcscale, self.shape.size)


    def save_copy (self, path, overwrite=False, openmode=None):
        import shutil, os.path

        # FIXME: race conditions and such in overwrite checks.
        # Too lazy to do a better job.

        if os.path.exists (path):
            if overwrite:
                if os.path.isdir (path):
                    shutil.rmtree (path)
                else:
                    os.unlink (path)
            else:
                raise UnsupportedError ('refusing to copy "%s" to "%s": '
                                        'destination already exists' % (self.path, path))

        shutil.copytree (self.path, path, symlinks=False)

        if openmode is None:
            return None
        return open (path, openmode)


    def save_as_fits (self, path, overwrite=False, openmode=None):
        from mirexec import TaskFits
        import os.path

        if os.path.exists (path):
            if overwrite:
                os.unlink (path)
            else:
                raise UnsupportedError ('refusing to export "%s" to "%s": '
                                        'destination already exists' % (self.path, path))

        TaskFits (op='xyout', in_=self.path, out=path).runsilent ()

        if openmode is None:
            return None
        return FITSImage (path, openmode)


    def delete (self):
        if self._handle is not None:
            raise UnsupportedError ('cannot delete the image at "%s" without '
                                    'first closing it', self.path)
        self._checkWriteable ()

        import shutil, os.path

        if os.path.isdir (self.path):
            shutil.rmtree (self.path)
        else:
            os.unlink (self.path) # may be a symlink; rmtree rejects this


# CASA images. We need either casac or pyrap.


class _CasaUnsupportedImage (AstroImage):
    def __init__ (self, path, mode):
        raise UnsupportedError ('no modules are available for reading CASA images')


def _pyrap_convert (d, unitstr):
    from pyrap.quanta import quantity
    return quantity (d['value'], d['unit']).get_value (unitstr)


[docs]class PyrapImage (AstroImage):
    """A CASA-format image loaded with the 'pyrap' Python module."""

    def __init__ (self, path, mode):
        try:
            from pyrap.images import image
        except ImportError:
            raise UnsupportedError ('cannot open CASAcore images in Pyrap mode without '
                                    'the Python module "pyrap.images"')

        super (PyrapImage, self).__init__ (path, mode)

        # no mode specifiable
        self._handle = image (path)

        allinfo = self._handle.info ()
        self.units = maybelower (allinfo.get ('unit'))
        self.shape = np.asarray (self._handle.shape (), dtype=np.int)
        self.axdescs = []

        if 'coordinates' in allinfo:
            pc = allinfo['coordinates'].get ('pointingcenter')
            # initial=True signifies that the pointing center information
            # hasn't actually been initialized.
            if pc is not None and not pc['initial']:
                # This bit of info doesn't have any metadata about units or
                # whatever; appears to be fixed as RA/Dec in radians.
                self.pclat = pc['value'][1]
                self.pclon = pc['value'][0]

        ii = self._handle.imageinfo ()

        if 'restoringbeam' in ii:
            self.bmaj = _pyrap_convert (ii['restoringbeam']['major'], 'rad')
            self.bmin = _pyrap_convert (ii['restoringbeam']['minor'], 'rad')
            self.bpa = _pyrap_convert (ii['restoringbeam']['positionangle'], 'rad')

        # Make sure that angular units are always measured in radians,
        # because anything else is ridiculous.

        from pyrap.quanta import quantity
        self._wcscale = wcscale = np.ones (self.shape.size)
        c = self._handle.coordinates ()
        radian = quantity (1., 'rad')

        for item in c.get_axes ():
            if isinstance (item, basestring):
                self.axdescs.append (item.replace (' ', '_'))
            else:
                for subitem in item:
                    self.axdescs.append (subitem.replace (' ', '_'))

        def getconversion (text):
            q = quantity (1., text)
            if q.conforms (radian):
                return q.get_value ('rad')
            return 1

        i = 0

        for item in c.get_unit ():
            if isinstance (item, basestring):
                wcscale[i] = getconversion (item)
                i += 1
            elif len (item) == 0:
                wcscale[i] = 1 # null unit
                i += 1
            else:
                for subitem in item:
                    wcscale[i] = getconversion (subitem)
                    i += 1

        # Figure out which axes are lat/long/spec. We have some
        # paranoia code the give up in case there are multiple axes
        # that appear to be of the same type. This stuff could
        # be cleaned up.

        lat = lon = spec = -1

        try:
            logspecidx = c.get_names ().index ('spectral')
        except ValueError:
            specaxname = None
        else:
            specaxname = c.get_axes ()[logspecidx]

        for i, name in enumerate (self.axdescs):
            # These symbolic direction names obtained from
            # casacore/coordinates/Coordinates/DirectionCoordinate.cc
            # Would be nice to have a better system for determining
            # this a la what wcslib provides.
            if name == specaxname:
                spec = i
            elif name in ('Right_Ascension', 'Hour_Angle', 'Longitude'):
                if lon == -1:
                    lon = i
                else:
                    lon = -2
            elif name in ('Declination', 'Latitude'):
                if lat == -1:
                    lat = i
                else:
                    lat = -2

        if lat >= 0:
            self._latax = lat
        if lon >= 0:
            self._lonax = lon
        if spec >= 0:
            self._specax = spec

        # Phew, that was gross.

        if self._specax is not None:
            sd = c.get_coordinate ('spectral').dict ()
            wi = sd.get ('wcs')
            if wi is not None:
                try:
                    from mirtask._miriad_c import mirwcs_compute_freq
                except ImportError:
                    pass
                else:
                    spectype = wi['ctype'].replace ('\x00', '')[:4]
                    restfreq = sd.get ('restfreq', 0.)
                    specval = self.toworld (0.5 * (self.shape - 1))[self._specax]
                    self.charfreq = mirwcs_compute_freq (spectype, specval, restfreq) * 1e-9

        # TODO: any unit weirdness or whatever here?
        self.mjd = c.get_obsdate ()['m0']['value']


    def _close_impl (self):
        # No explicit close method provided here. Annoying.
        del self._handle


    def read (self, squeeze=False, flip=False):
        self._checkOpen ()
        data = self._handle.get ()

        if flip:
            data = data[...,::-1,:]
        if squeeze:
            data = data.squeeze ()
        return data


    def write (self, data):
        data = np.ma.asarray (data)

        if data.shape != tuple (self.shape):
            raise ValueError ('data is wrong shape: got %s, want %s' \
                                  % (data.shape, tuple (self.shape)))

        self._checkOpen ()
        self._checkWriteable ()
        self._handle.put (data)
        return self


    def toworld (self, pixel):
        self._checkOpen ()
        pixel = np.asarray (pixel)
        return self._wcscale * np.asarray (self._handle.toworld (pixel))


    def topixel (self, world):
        self._checkOpen ()
        world = np.asarray (world)
        return np.asarray (self._handle.topixel (world / self._wcscale))


    def save_copy (self, path, overwrite=False, openmode=None):
        self._checkOpen ()
        self._handle.saveas (path, overwrite=overwrite)

        if openmode is None:
            return None
        return open (path, openmode)


    def save_as_fits (self, path, overwrite=False, openmode=None):
        self._checkOpen ()
        self._handle.tofits (path, overwrite=overwrite)

        if openmode is None:
            return None
        return FITSImage (path, openmode)


    def delete (self):
        if self._handle is not None:
            raise UnsupportedError ('cannot delete the image at "%s" without '
                                    'first closing it', self.path)
        self._checkWriteable ()

        import shutil, os.path

        if os.path.isdir (self.path):
            shutil.rmtree (self.path)
        else:
            os.unlink (self.path) # may be a symlink; rmtree rejects this


# 'casac' images.


def _casac_convert (d, unitstr):
    from .environments.casa.util import tools
    qa = tools.quanta ()
    x = qa.quantity (d['value'], d['unit'])
    return qa.convert (x, unitstr)['value']


def _casac_findwcoord (cs, kind):
    v = cs.findcoordinate (kind)
    if 'world' in v:
        return np.atleast_1d (v['world'])
    return v[2]

class CasaCImage (AstroImage):
    """A CASA-format image loaded with the 'casac' Python module."""

    # casac uses Fortran-style axis ordering, with innermost first. casac
    # coordinate systems have two axis orderings, "world" and "pixel", and
    # generally default to world. We want to keep things in pixel terms so we
    # have to undo the mapping.

    def __init__ (self, path, mode):
        super (CasaCImage, self).__init__ (path, mode)
        from .environments.casa.util import tools
        self._handle = tools.image ()
        self._handle.open (path) # no mode specifiable.
        self.shape = np.asarray (self._handle.shape ())[::-1].copy ()

        cs = self._handle.coordsys ()
        naxis = self.shape.size
        # for world-to-pixel, we reverse the values in the array:
        w2p = self._wax2pax = naxis - 1 - np.asarray (cs.axesmap (toworld=False))
        # for pixel-to-world, we reverse the array ordering:
        p2w = self._pax2wax = np.asarray (cs.axesmap (toworld=True))[::-1].copy ()
        assert p2w.size == self.shape.size

        self._specax = w2p[_casac_findwcoord (cs, b'spectral')[0]]
        #self._polax = w2p[_casac_findwcoord (cs, b'stokes')[0]]
        self._lonax = w2p[_casac_findwcoord (cs, b'direction')[0]]
        self._latax = w2p[_casac_findwcoord (cs, b'direction')[1]]

        self.axdescs = [None] * naxis
        names = cs.names ()
        for i in xrange (naxis):
            self.axdescs[i] = names[p2w[i]]

        self.charfreq = _casac_convert (cs.referencevalue (format=b'm', type=b'spectral')
                                        ['measure']['spectral']['frequency']['m0'], 'GHz')
        self.units = maybelower (self._handle.brightnessunit ())

        rb = self._handle.restoringbeam ()
        if 'major' in rb:
            self.bmaj = _casac_convert (rb['major'], 'rad')
            self.bmin = _casac_convert (rb['minor'], 'rad')
            self.bpa = _casac_convert (rb['positionangle'], 'rad')

        # pclat, pclon?

        # this is the *start* of the observation, annoyingly. The timescale is
        # available but we ignore it. Generally is in UTC :-(
        self.mjd = cs.epoch ()['m0']['value']


    def _close_impl (self):
        self._handle.close ()


    def read (self, squeeze=False, flip=False):
        self._checkOpen ()

        # Older casac doesn't accept ndarrays, and we need to be careful to
        # change from Numpy types to Python ints.
        blc = [0] * self.shape.size
        trc = [int (x) for x in (self.shape[::-1] - 1)]

        data = self._handle.getchunk (blc, trc, dropdeg=squeeze, getmask=False)
        data = data.T # does the right thing and gives us C-contiguous data
        mask = self._handle.getchunk (blc, trc, dropdeg=squeeze, getmask=True)
        np.logical_not (mask, mask) # CASA image masking is opposite of CASA UV flagging: T -> OK
        mask = mask.T

        data = np.ma.MaskedArray (data, mask=mask)

        if flip:
            data = data[...,::-1,:]

        return data


    def write (self, data):
        self._checkOpen ()
        self._checkWriteable ()

        data = np.ma.asarray (data)
        if data.shape != tuple (self.shape):
            raise ValueError ('data is wrong shape: got %s, want %s' \
                                  % (data.shape, tuple (self.shape)))

        data = data.T # back to CASA convention
        # putchunk can't do the mask:
        self._handle.putregion (pixels=data.data, pixelmask=data.mask,
                                usemask=True)
        return self


    def toworld (self, pixel):
        # TODO: CASA quantities seem to be spat out in radians and Hz,
        # which work well enough for us. But this might not be
        # reliable. And perhaps we'll want to enforce units for
        # frequency and/or velocity axes.

        self._checkOpen ()
        pixel = np.asarray (pixel)[::-1] # reverse to CASA's ordering
        qtys = self._handle.toworld (pixel, format=b'q')['quantity']

        # Our "world" coordinates are still in what CASA would call
        # its "pixel" ordering. This will probably all go down in
        # flames if anyone ever reorders or removes axes.

        naxis = self.shape.size
        world = np.empty (naxis)
        for i in xrange (naxis):
            s = '*%d' % (self._pax2wax[i] + 1)
            world[i] = qtys[s]['value']

        return world


    def topixel (self, world):
        self._checkOpen ()
        myworld = np.asarray (world)
        ncwa = self._wax2pax.size # num of CASA world axes
        casaworld = np.zeros (ncwa)

        for i in xrange (ncwa):
            casaworld[self._pax2wax[i]] = myworld[i]

        casapixel = self._handle.topixel (casaworld)['numeric']
        return casapixel[::-1].copy ()


    def save_copy (self, path, overwrite=False, openmode=None):
        self._checkOpen ()

        # In theory we could be more efficient and reuse this tool if openmode
        # is not None. In practice, I'd have to mess with __init__() and who
        # cares?

        from .environments.casa.util import tools
        ia = tools.image ()
        ia.newimagefromimage (self.path, path, overwrite=overwrite)
        ia.close ()

        if openmode is None:
            return None
        return open (path, openmode)


    def save_as_fits (self, path, overwrite=False, openmode=None):
        self._checkOpen ()

        self._handle.tofits (path, overwrite=overwrite)

        if openmode is None:
            return None
        return FITSImage (path, openmode)


    def delete (self):
        if self._handle is not None:
            raise UnsupportedError ('cannot delete the image at "%s" without '
                                    'first closing it', self.path)
        self._checkWriteable ()

        import shutil, os.path

        if os.path.isdir (self.path):
            shutil.rmtree (self.path)
        else:
            os.unlink (self.path) # may be a symlink; rmtree rejects this


try:
    import casac
    CASAImage = CasaCImage
except ImportError:
    try:
        from pyrap.images import image
        CASAImage = PyrapImage
    except ImportError:
        CASAImage = _CasaUnsupportedImage


[docs]class FITSImage (AstroImage):
    """A FITS format image."""

    _modemap = {'r': 'readonly',
                'rw': 'update' # ???
                }

    def __init__ (self, path, mode):
        fitsmodule = _load_fits_module ()
        wcsmodule = _load_wcs_module ()

        super (FITSImage, self).__init__ (path, mode)

        self._handle = fitsmodule.open (path, self._modemap[mode])
        header = self._handle[0].header
        self._wcs = _create_wcs (header)

        self.units = maybelower (header.get ('bunit'))

        naxis = header.get ('naxis', 0)
        self.shape = np.empty (naxis, dtype=np.int)
        self.axdescs = []

        for i in xrange (naxis):
            q = naxis - i
            self.shape[i] = header.get ('naxis%d' % q, 1)
            self.axdescs.append (header.get ('ctype%d' % q, '???'))

        self.bmaj = maybescale (header.get ('bmaj'), D2R)
        if self.bmaj is None:
            bmindefault = None
        else:
            bmindefault = self.bmaj * R2D
        self.bmin = maybescale (header.get ('bmin', bmindefault), D2R)
        self.bpa = maybescale (header.get ('bpa', 0), D2R)

        self.pclat = maybescale (header.get ('obsdec'), D2R)
        self.pclon = maybescale (header.get ('obsra'), D2R)

        self._wcscale = _get_wcs_scale (self._wcs, self.shape.size)
        self._latax, self._lonax, self._specax = _wcs_axes (self._wcs, self.shape.size)

        if self._specax is not None:
            try:
                from mirtask._miriad_c import mirwcs_compute_freq
            except ImportError:
                pass
            else:
                specval = self.toworld (0.5 * (self.shape - 1))[self._specax]
                self.charfreq = _wcs_get_freq (self._wcs, specval)

        if np.isfinite (self._wcs.wcs.mjdavg):
            self.mjd = self._wcs.wcs.mjdavg
        elif np.isfinite (self._wcs.wcs.mjdobs):
            # close enough
            self.mjd = self._wcs.wcs.mjdobs


    def _close_impl (self):
        self._handle.close ()


    def read (self, squeeze=False, flip=False):
        self._checkOpen ()
        data = np.ma.asarray (self._handle[0].data)
        # Are there other standards for expressing masking in FITS?
        data.mask = -np.isfinite (data.data)

        if flip:
            data = data[...,::-1,:]
        if squeeze:
            data = data.squeeze ()
        return data


    def write (self, data):
        data = np.ma.asarray (data)

        if data.shape != tuple (self.shape):
            raise ValueError ('data is wrong shape: got %s, want %s' \
                                  % (data.shape, tuple (self.shape)))

        self._checkOpen ()
        self._checkWriteable ()
        self._handle[0].data[:] = data
        self._handle.flush ()
        return self


    def toworld (self, pixel):
        if self._wcs is None:
            raise UnsupportedError ('world coordinate information is required '
                                    'but not present in "%s"', self.path)
        return _wcs_toworld (self._wcs, pixel, self._wcscale, self.shape.size)


    def topixel (self, world):
        if self._wcs is None:
            raise UnsupportedError ('world coordinate information is required '
                                    'but not present in "%s"', self.path)
        return _wcs_topixel (self._wcs, world, self._wcscale, self.shape.size)


    def save_copy (self, path, overwrite=False, openmode=None):
        self._checkOpen ()
        self._handle.writeto (path, output_verify='fix', clobber=overwrite)

        if openmode is None:
            return None
        return open (path, openmode)


    def save_as_fits (self, path, overwrite=False, openmode=None):
        return self.save_copy (path, overwrite=overwrite, openmode=openmode)


    def delete (self):
        if self._handle is not None:
            raise UnsupportedError ('cannot delete the image at "%s" without '
                                    'first closing it', self.path)
        self._checkWriteable ()

        os.unlink (self.path)



[docs]class SimpleImage (AstroImage):
    """A 2D, latitude/longitude image, referenced to a parent image."""

    def __init__ (self, parent):
        platax, plonax = parent._latax, parent._lonax

        if platax is None or plonax is None or platax == plonax:
            raise UnsupportedError ('the image "%s" does not have both latitude '
                                    'and longitude axes', parent.path)

        self._handle = parent
        self._platax = platax
        self._plonax = plonax

        self._latax = 0
        self._lonax = 1

        checkworld1 = parent.toworld (parent.shape * 0.) # need float!
        checkworld2 = parent.toworld (parent.shape - 1.) # (for pyrap)
        self._topixelok = True

        for i in xrange (parent.shape.size):
            # Two things to check. Firstly, that all non-lat/lon axes have
            # only one pixel; this limitation can be relaxed if we add a
            # mechanism for choosing which non-spatial pixels to work with.
            #
            # Secondly, check that non-lat/lon world coordinates don't vary
            # over the image; otherwise topixel() will be broken.
            if i in (platax, plonax):
                continue
            if parent.shape[i] != 1:
                raise UnsupportedError ('cannot simplify an image with '
                                        'nondegenerate nonspatial axes')
            if checkworld2[i] == 0:
                if checkworld1[i] == 0:
                    pass
                elif np.abs (checkworld1[i]) > 1e-6:
                    self._topixelok = False
            elif np.abs (1 - checkworld1[i] / checkworld2[i]) > 1e-6:
                self._topixelok = False

        self.path = '<subimage of %s>' % parent.path
        self.shape = np.asarray ([parent.shape[platax], parent.shape[plonax]])
        self.axdescs = [parent.axdescs[platax], parent.axdescs[plonax]]
        self.bmaj = parent.bmaj
        self.bmin = parent.bmin
        self.bpa = parent.bpa
        self.units = parent.units
        self.pclat = parent.pclat
        self.pclon = parent.pclon
        self.charfreq = parent.charfreq
        self.mjd = parent.mjd

        self._pctmpl = np.zeros (parent.shape.size)
        self._wctmpl = parent.toworld (self._pctmpl)


    def _close_impl (self):
        pass


    def read (self, squeeze=False, flip=False):
        self._checkOpen ()
        data = self._handle.read (flip=flip)
        idx = list (self._pctmpl)
        idx[self._platax] = slice (None)
        idx[self._plonax] = slice (None)
        data = data[tuple (idx)]

        if self._platax > self._plonax:
            # Ensure that order is (lat, lon). Note that unlike the
            # above operations, this forces a copy of data.
            data = data.T

        if squeeze:
            data = data.squeeze () # could be 1-by-N ...

        return data


    def write (self, data):
        data = np.ma.asarray (data)

        if data.shape != tuple (self.shape):
            raise ValueError ('data is wrong shape: got %s, want %s' \
                                  % (data.shape, tuple (self.shape)))

        self._checkOpen ()
        self._checkWriteable ()

        fulldata = np.ma.empty (self._handle.shape, dtype=data.dtype)
        idx = list (self._pctmpl)
        idx[self._platax] = slice (None)
        idx[self._plonax] = slice (None)

        if self._platax > self._plonax:
            fulldata[tuple (idx)] = data.T
        else:
            fulldata[tuple (idx)] = data

        self._handle.write (fulldata)
        return self


    def toworld (self, pixel):
        pixel = np.asarray (pixel)
        if pixel.shape != (2,):
            raise ValueError ('"pixel" must be a single pair of numbers')

        self._checkOpen ()
        p = self._pctmpl.copy ()
        p[self._platax] = pixel[0]
        p[self._plonax] = pixel[1]
        w = self._handle.toworld (p)
        world = np.empty (2)
        world[0] = w[self._platax]
        world[1] = w[self._plonax]
        return world


    def topixel (self, world):
        world = np.asarray (world)
        if world.shape != (2,):
            raise ValueError ('"world" must be a single pair of numbers')

        self._checkOpen ()
        if not self._topixelok:
            raise UnsupportedError ('mixing in the coordinate system of '
                                    'this subimage prevents mapping from '
                                    'world to pixel coordinates')

        w = self._wctmpl.copy ()
        w[self._platax] = world[0]
        w[self._plonax] = world[1]
        p = self._handle.topixel (w)
        pixel = np.empty (2)
        pixel[0] = p[self._platax]
        pixel[1] = p[self._plonax]
        return pixel


    def simple (self):
        return self


    def save_copy (self, path, overwrite=False, openmode=None):
        raise UnsupportedError ('cannot save a copy of a subimage')


    def save_as_fits (self, path, overwrite=False, openmode=None):
        raise UnsupportedError ('cannot save subimage as FITS')



class NaiveSubImage (AstroImage):
    """A subset of a parent image, implemented naively."""

    def __init__ (self, parent, pixofs, shape):
        pixofs = np.asarray (pixofs)
        shape = np.asarray (shape)

        if pixofs.shape != parent.shape.shape:
            raise UnsupportedError ('sub-image pixofs must match parent shape')
        if shape.shape != parent.shape.shape:
            raise UnsupportedError ('sub-image shape must match parent shape')
        if np.any (pixofs < 0):
            raise UnsupportedError ('sub-image pixofs must be nonnegative; '
                                    'got %r' % pixofs)
        if np.any (pixofs + shape > parent.shape):
            raise UnsupportedError ('sub-image may not extend past parent; '
                                    'got pixofs=%r subshape=%r vs shape=%r'
                                    % (pixofs, shape, parent.shape))

        self._handle = parent
        self._pixofs = pixofs
        self.shape = shape

        self.path = '<subimage of %s>' % parent.path
        self.axdescs = parent.axdescs
        self.bmaj = parent.bmaj
        self.bmin = parent.bmin
        self.bpa = parent.bpa
        self.units = parent.units
        self.pclat = parent.pclat
        self.pclon = parent.pclon
        self.charfreq = parent.charfreq
        self.mjd = parent.mjd


    def _close_impl (self):
        pass


    def read (self, squeeze=False, flip=False):
        self._checkOpen ()
        data = self._handle.read (flip=flip)
        slices = tuple (slice (self._pixofs[i], self._pixofs[i] + self.shape[i])
                        for i in xrange (self.shape.size))
        data = data[slices]

        if squeeze:
            data = data.squeeze ()

        return data


    def write (self, data):
        raise UnsupportedError ('writing a subimage is not supported')


    def toworld (self, pixel):
        self._checkOpen ()
        return self._handle.toworld (pixel + self._pixofs)


    def topixel (self, world):
        self._checkOpen ()
        return self._handle.topixel (world) - self._pixofs


    def save_copy (self, path, overwrite=False, openmode=None):
        raise UnsupportedError ('cannot save a copy of a subimage')


    def save_as_fits (self, path, overwrite=False, openmode=None):
        raise UnsupportedError ('cannot save subimage as FITS')


def open (path, mode):
    import io
    from os.path import exists, join, isdir

    if mode not in ('r', 'rw'):
        raise ValueError ('mode must be "r" or "rw"; got "%s"' % mode)

    if exists (join (path, 'image')):
        return MIRIADImage (path, mode)

    if exists (join (path, 'table.dat')):
        return CASAImage (path, mode)

    if isdir (path):
        raise UnsupportedError ('cannot infer format of image "%s"' % path)

    with io.open (path, 'rb') as f:
        sniff = f.read (9)

    if sniff.startswith ('SIMPLE  ='):
        return FITSImage (path, mode)

    raise UnsupportedError ('cannot infer format of image "%s"' % path)
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  Source code for pwkit.cli

# -*- mode: python; coding: utf-8 -*-
# Copyright 2012-2015 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.cli - miscellaneous utilities for command-line programs.

Functions:

backtrace_on_usr1 - Make it so that a Python backtrace is printed on SIGUSR1.
check_usage       - Print usage and exit if --help is in argv.
die               - Print an error and exit.
pop_option        - Check for a single command-line option.
propagate_sigint  - Ensure that calling shells know when we die from SIGINT.
show_usage        - Print a usage message.
unicode_stdio     - Ensure that sys.std{in,out,err} accept unicode strings.
warn              - Print a warning.
wrong_usage       - Print an error about wrong usage and the usage help.

Context managers:

print_tracebacks  - Catch exceptions and print tracebacks without reraising them.

Submodules:

multitool - Framework for command-line programs with sub-commands.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'''check_usage die pop_option print_tracebacks propagate_sigint show_usage
unicode_stdio warn wrong_usage''').split ()

import codecs, os, signal, sys, traceback
from .. import text_type


[docs]def unicode_stdio ():
    """Make sure that the standard I/O streams accept Unicode.

    The standard I/O streams accept bytes, not Unicode characters. This means
    that in principle every Unicode string that we want to output should be
    encoded to utf-8 before print()ing. But Python 2.X has a hack where, if
    the output is a terminal, it will automatically encode your strings, using
    UTF-8 in most cases.

    BUT this hack doesn't kick in if you pipe your program's output to another
    program. So it's easy to write a tool that works fine in most cases but then
    blows up when you log its output to a file.

    The proper solution is just to do the encoding right. This function sets
    things up to do this in the most sensible way I can devise. This approach
    sets up compatibility with Python 3, which has the stdio streams be in
    text mode rather than bytes mode to begin with.

    Basically, every command-line Python program should call this right at
    startup. I'm tempted to just invoke this code whenever this module is
    imported since I foresee many accidentally omissions of the call.

    """
    enc = sys.stdin.encoding or 'utf-8'
    sys.stdin = codecs.getreader (enc) (sys.stdin)
    enc = sys.stdout.encoding or enc
    sys.stdout = codecs.getwriter (enc) (sys.stdout)
    enc = sys.stderr.encoding or enc
    sys.stderr = codecs.getwriter (enc) (sys.stderr)



class _InterruptSignalPropagator (object):
    """Ensure that calling shells know when we die from SIGINT.

    Imagine that a shell script is running a long-running subprogram and the
    user hits control-C to interrupt the program. What happens is that both
    the shell and the subprogram are sent SIGINT, which usually causes the
    subprogram to die immediately. However, the shell's behavior is more
    complicated. Certain subprograms might handle the SIGINT and *not* die
    immediately, and the shell needs to be prepared to handle that situation.
    Therefore the shell notes the SIGINT and sees what happens next. If the
    subprogram dies from the SIGINT, then the shell dies too. If not, the
    shell continues. The shell can determine this by using the POSIX-defined C
    macros WIFSIGNALED() and WTERMSIG() to see how the subprogram exited.

    A problem comes in to view. Python programs trap SIGINT and turn it into
    a KeyboardInterrupt. Uncaught KeyboardInterrupts cause the program to exit,
    but *not* through the death-by-signal route. Therefore, interrupting
    Python programs will not cause parent shells to exit as desired. This can
    be seen by control-C'ing the following shell script:

       for x in 1 2 3 4 5 ; do
         echo $x
         python -c "import time; time.sleep (5)"
       done

    This function fixes this behavior by causing uncaught KeyboardInterrupts
    to trigger death-by-SIGINT. Importantly, you can't fool the shell by
    exiting with the right code; you have to kill yourself with an
    honest-to-God uncaught SIGINT.

    This is all accomplished by placing in a shim sys.excepthook() handler for
    KeyboardInterrupt exceptions. The previous excepthook can be accessed as
    `pwkit.cli.propagate_sigint.inner_excepthook`.

    """
    inner_excepthook = None

    def __call__ (self):
        """Set sys.excepthook to our special version.

        It chains to the previous excepthook, of course. This value can be
        accessed as `pwkit.cli.propagate_sigint.inner_excepthook`.

        """
        if self.inner_excepthook is None:
            self.inner_excepthook = sys.excepthook
            sys.excepthook = self.excepthook

    def excepthook (self, etype, evalue, etb):
        """Handle an uncaught exception. We always forward the exception on to
        whatever `sys.excepthook` was present upon setup. However, if the
        exception is a KeyboardInterrupt, we additionally kill ourselves with
        an uncaught SIGINT, so that invoking programs know what happened.

        """
        self.inner_excepthook (etype, evalue, etb)

        if issubclass (etype, KeyboardInterrupt):
            # Don't try this at home, kids. On some systems os.kill (0, ...)
            # signals our entire progress group, which is not what we want,
            # so we use os.getpid ().
            signal.signal (signal.SIGINT, signal.SIG_DFL)
            os.kill (os.getpid (), signal.SIGINT)

propagate_sigint = _InterruptSignalPropagator ()


def _print_backtrace_signal_handler (signum, frame):
    try:
        import traceback
        print ('*** Printing traceback due to receipt of signal #%d' % signum,
               file=sys.stderr)
        for fn, line, func, text in traceback.extract_stack (frame):
            print ('***   %s (%s:%d): %s' % (fn, func, line, text or '??'),
                   file=sys.stderr)
        print ('*** End of traceback (innermost call is last)',
               file=sys.stderr)
        assert False
    except StandardError as e:
        print ('*** Failed to print traceback on receipt of signal #%d: %s (%s)'
               % (signum, e, e.__class__.__name__), file=sys.stderr)


def backtrace_on_usr1 ():
    """Install a signal handler such that this program prints a Python traceback
    upon receipt of SIGUSR1. This could be useful for checking that
    long-running programs are behaving properly, or for discovering where an
    infinite loop is occurring.

    Note, however, that the Python interpreter does not invoke Python signal
    handlers exactly when the process is signaled. For instance, a signal
    delivered in the midst of a time.sleep() call will only be seen by Python
    code after that call completes. This means that this feature may not be as
    helpful as one might like for debugging certain kinds of problems.

    """
    import signal
    try:
        signal.signal (signal.SIGUSR1, _print_backtrace_signal_handler)
    except StandardError as e:
        warn ('failed to set up Python backtraces on SIGUSR1: %s', e)


[docs]def die (fmt, *args):
    """Raise a :exc:`SystemExit` exception with a formatted error message.

    :arg str fmt: a format string
    :arg args: arguments to the format string

    If *args* is empty, a :exc:`SystemExit` exception is raised with the
    argument ``'error: ' + str (fmt)``. Otherwise, the string component is
    ``fmt % args``. If uncaught, the interpreter exits with an error code and
    prints the exception argument.

    Example::

       if ndim != 3:
          die ('require exactly 3 dimensions, not %d', ndim)

    """
    if not len (args):
        raise SystemExit ('error: ' + text_type (fmt))
    raise SystemExit ('error: ' + (fmt % args))



def warn (fmt, *args):
    if not len (args):
        s = text_type (fmt)
    else:
        s = fmt % args

    print ('warning:', s, file=sys.stderr)


[docs]class print_tracebacks (object):
    """Context manager that catches exceptions and prints their tracebacks without
    reraising them. Intended for robust programs that want to continue
    execution even if something bad happens; this provides the infrastructure
    to swallow exceptions while still preserving exception information for
    later debugging.

    You can specify which exception classes to catch with the `types` keyword
    argument to the constructor. The `header` keyword will be printed if
    specified; this could be used to add contextual information. The `file`
    keyword specifies the destination for the printed output; default is
    sys.stderr.

    Instances preserve the exception information in the fields 'etype',
    'evalue', and 'etb' if your program in fact wants to do something with the
    information. One basic use would be checking whether an exception did, in
    fact, occur.

    """
    header = 'Swallowed exception:'

    def __init__ (self, types=(Exception,), header=None, file=None):
        self.types = types
        self.file = file

        if header is not None:
            self.header = header

    def __enter__ (self):
        self.etype = self.evalue = self.etb = None
        return self

    def __exit__ (self, etype, evalue, etb):
        if etype is None:
            return False # all good, woohoo

        if not isinstance (evalue, self.types):
            # Exception happened but not something of the kind we expect. Reraise.
            return False

        # Exception happened and we should do our thing.
        self.etype = etype
        self.evalue = evalue
        self.etb = etb

        if self.header is not None:
            print (self.header, file=self.file or sys.stderr)

        from traceback import print_exception
        print_exception (etype, evalue, etb, file=self.file)
        return True # swallow this exception


# Simple-minded argument handling -- see also kwargv.


[docs]def pop_option (ident, argv=None):
    """A lame routine for grabbing command-line arguments. Returns a boolean
    indicating whether the option was present. If it was, it's removed from
    the argument string. Because of the lame behavior, options can't be
    combined, and non-boolean options aren't supported. Operates on sys.argv
    by default.

    Note that this will proceed merrily if argv[0] matches your option.

    """
    if argv is None:
        from sys import argv

    if len (ident) == 1:
        ident = '-' + ident
    else:
        ident = '--' + ident

    found = ident in argv
    if found:
        argv.remove (ident)

    return found



[docs]def show_usage (docstring, short, stream, exitcode):
    """Print program usage information and exit.

    :arg str docstring: the program help text

    This function just prints *docstring* and exits. In most cases, the
    function :func:`check_usage` should be used: it automatically checks
    :data:`sys.argv` for a sole "-h" or "--help" argument and invokes this
    function.

    This function is provided in case there are instances where the user
    should get a friendly usage message that :func:`check_usage` doesn't catch.
    It can be contrasted with :func:`wrong_usage`, which prints a terser usage
    message and exits with an error code.

    """
    if stream is None:
        from sys import stdout as stream

    if not short:
        print ('Usage:', docstring.strip (), file=stream)
    else:
        intext = False
        for l in docstring.splitlines ():
            if intext:
                if not len (l):
                    break
                print (l, file=stream)
            elif len (l):
                intext = True
                print ('Usage:', l, file=stream)

        print ('\nRun with a sole argument --help for more detailed '
               'usage information.', file=stream)

    raise SystemExit (exitcode)



[docs]def check_usage (docstring, argv=None, usageifnoargs=False):
    """Check if the program has been run with a --help argument; if so,
    print usage information and exit.

    :arg str docstring: the program help text
    :arg argv: the program arguments; taken as :data:`sys.argv` if
        given as :const:`None` (the default). (Note that this implies
        ``argv[0]`` should be the program name and not the first option.)
    :arg bool usageifnoargs: if :const:`True`, usage information will be
        printed and the program will exit if no command-line arguments are
        passed. If "long", print long usasge. Default is :const:`False`.

    This function is intended for small programs launched from the command
    line. The intention is for the program help information to be written in
    its docstring, and then for the preamble to contain something like::

        \"\"\"myprogram - this is all the usage help you get\"\"\"
        import sys
        ... # other setup
        check_usage (__doc__)
        ... # go on with business

    If it is determined that usage information should be shown,
    :func:`show_usage` is called and the program exits.

    See also :func:`wrong_usage`.

    """
    if argv is None:
        from sys import argv

    if len (argv) == 1 and usageifnoargs:
        show_usage (docstring, (usageifnoargs != 'long'), None, 0)
    if len (argv) == 2 and argv[1] in ('-h', '--help'):
        show_usage (docstring, False, None, 0)



[docs]def wrong_usage (docstring, *rest):
    """Print a message indicating invalid command-line arguments and exit with an
    error code.

    :arg str docstring: the program help text
    :arg rest: an optional specific error message

    This function is intended for small programs launched from the command
    line. The intention is for the program help information to be written in
    its docstring, and then for argument checking to look something like
    this::

        \"\"\"mytask <input> <output>

        Do something to the input to create the output.
        \"\"\"
        ...
        import sys
        ... # other setup
        check_usage (__doc__)
        ... # more setup
        if len (sys.argv) != 3:
           wrong_usage (__doc__, "expect exactly 2 arguments, not %d",
                        len (sys.argv))

    When called, an error message is printed along with the *first stanza* of
    *docstring*. The program then exits with an error code and a suggestion to
    run the program with a --help argument to see more detailed usage
    information. The "first stanza" of *docstring* is defined as everything up
    until the first blank line, ignoring any leading blank lines.

    The optional message in *rest* is treated as follows. If *rest* is empty,
    the error message "invalid command-line arguments" is printed. If it is a
    single item, the stringification of that item is printed. If it is more
    than one item, the first item is treated as a format string, and it is
    percent-formatted with the remaining values. See the above example.

    See also :func:`check_usage` and :func:`show_usage`.

    """
    intext = False

    if len (rest) == 0:
        detail = 'invalid command-line arguments'
    elif len (rest) == 1:
        detail = rest[0]
    else:
        detail = rest[0] % tuple (rest[1:])

    print ('error:', detail, '\n', file=sys.stderr) # extra NL
    show_usage (docstring, True, sys.stderr, 1)
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  Source code for pwkit.environments.casa.scripting

# -*- mode: python; coding: utf-8 -*-
# Copyright 2015 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.environments.casa.scripting - scripted invocation of casapy.

The "casapy" program is extremely resistant to encapsulated scripting -- it
pops up GUI windows and child processes, leaves log files around, provides a
non-vanilla Python environment, and so on. However, sometimes scripting CASA
is what we need to do. This tool enables that.

We provide a single-purpose CLI tool for this functionality, so that you can
write standalone scripts with a hashbang line of "#! /usr/bin/env
pkcasascript" -- hashbang lines support only one extra command-line
argument, so if we're using "env" we can't take a multitool approach.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'CasapyScript commandline').split ()

import os.path, shutil, signal, sys, tempfile
from ... import PKError, cli, reraise_context
from . import CasaEnvironment


casapy_argv = ['casapy', '--log2term', '--nogui', '-c']

signals_for_child = [
    signal.SIGHUP,
    signal.SIGINT,
    signal.SIGQUIT,
    signal.SIGTERM,
    signal.SIGUSR1,
    signal.SIGUSR2,
]


[docs]class CasapyScript (object):
    """Context manager for launching a script in the casapy environment. This
    involves creating a temporary wrapper and then using the CasaEnvironment
    to run it in a temporary directory.

    When this context manager is entered, the script is launched and the
    calling process waits until it finishes. This object is returned. The
    `with` statement body is then executed so that information can be
    extracted from the results of the casapy invocation. When the context
    manager is exited, the casapy files are (usually) cleaned up.

    Attributes:

    args
      the arguments to passed to the script.
    env
      the CasaEnvironment used to launch the casapy process.
    exitcode
      the exit code of the casapy process. 0 is success. 127 indicates
      an intentional error exit by the script; additional diagnostics
      don't need printing and the work directory doesn't need
      preservation. Negative values indicate death from a signal.
    proc
      the `subprocess.Popen` instance of casapy; inside the context
      manager body it's already exited.
    rmtree
      boolean; whether to delete the working tree upon context manager
      exit.
    script
      the path to the script to be invoked.
    workdir
      the working directory in which casapy was started.
    wrapped
      the path to the wrapper script run inside casapy.

    There is a very large overhead to running casapy scripts. The outer Python
    code sleeps for at least 5 seconds to allow various cleanups to happen.

    """
    def __init__ (self, script, raise_on_error=True, **kwargs):
        self.script = script
        self.kwargs = kwargs
        self.raise_on_error = raise_on_error


    def __enter__ (self):
        # We read in the entire script and save it in the wrapper. That way we
        # don't have to worry about dealing with file-not-found errors inside
        # casapy, where exception handling is annoying and the startup time is
        # significant.

        try:
            with open (self.script) as f:
                text = f.read ()
        except Exception:
            reraise_context ('while trying to read %r', self.script)

        self.workdir = tempfile.mkdtemp (prefix='casascript', dir='.')
        self.wrapped = os.path.join (self.workdir, 'wrapped.py')

        with open (self.wrapped, 'wb') as wrapper:
            print ('_pkcs_script = ' + repr (self.script), file=wrapper)
            print ('_pkcs_text = ' + repr (text), file=wrapper)
            print ('_pkcs_kwargs = ' + repr (self.kwargs), file=wrapper)
            print ('_pkcs_origcwd = ' + repr (os.getcwd ()), file=wrapper)

            driver = __file__.replace ('.pyc', '.py').replace ('.py', '_driver.py')
            with open (driver) as driver:
                for line in driver:
                    print (line, end='', file=wrapper)

        def preexec ():
            # Start new session and process groups so that the module can kill all
            # CASA-related processes as best we can.
            os.setsid ()

            # We want to direct casapy's stdout and stderr to separate files since
            # they're full of chatter, while still giving the script access to
            # intentional output on the wrapper's stdout and stderr. At this
            # point, FD's 1 and 2 are the latter. We want to move them to FD's 3
            # and 4, while changing 1 and 2 to the temp files. The close_fds logic
            # of subprocess runs after this function, so we have to set close_fds
            # to False.

            os.dup2 (1, 3) # dup2 closes target fd if needed.
            os.dup2 (2, 4)

            with open ('casa_stdout', 'wb') as stdout:
                os.dup2 (stdout.fileno (), 1)

            with open ('casa_stderr', 'wb') as stderr:
                os.dup2 (stderr.fileno (), 2)

        self.env = CasaEnvironment ()
        self.proc = self.env.launch (casapy_argv + ['wrapped.py'],
                                     cwd=self.workdir,
                                     stdin=open (os.devnull, 'rb'),
                                     preexec_fn=preexec,
                                     close_fds=False)

        # Set up signal handlers to propagate to the child process. Copied from
        # wrapout.py.
        prev_handlers = {}

        def handle (signum, frame):
            self.proc.send_signal (signum)

        for signum in signals_for_child:
            prev_handlers[signum] = signal.signal (signum, handle)

        self.exitcode = self.proc.wait ()

        for signum, prev_handler in prev_handlers.iteritems ():
            signal.signal (signum, prev_handler)

        # default: delte workdir on success or intentional script abort
        self.rmtree = (self.exitcode == 0 or self.exitcode == 127)

        if self.raise_on_error and self.exitcode != 0:
            # Note that we have to raise the exception here to prevent the
            # `with` statement body from executing. In that case __exit__
            # isn't called so we need to do that too.
            self._cleanup ()

            if self.exitcode < 0:
                raise PKError ('casapy was killed by signal %d', -self.exitcode)
            elif self.exitcode == 127:
                raise PKError ('the casapy script signaled an internal error')
            else:
                raise PKError ('casapy exited with error code %d', self.exitcode)

        return self


    def __exit__ (self, etype, evalue, etb):
        if etype is not None:
            self.rmtree = False

        self._cleanup ()
        return False # propagate exceptions


    def _cleanup (self):
        # Ugh, I hate having a hardcoded sleep, but it seems to be necessary
        # to let the watchdog clean everything up. Or something. The casapy
        # process tree is a mess several process groups being created, and I
        # think the only way we can really contain it is with cgroups, which
        # would be difficult and make us Linux-specific. Grrr.
        import time
        time.sleep (4)

        # If I'm interpreting things correctly, this bit is needed to kill
        # the "watchdog" process.

        try:
            os.killpg (self.proc.pid, signal.SIGTERM)
        except Exception as e:
            pass

        time.sleep (1)

        try:
            os.killpg (self.proc.pid, signal.SIGKILL)
        except Exception as e:
            pass

        # OK, blow away the directory.

        if not self.rmtree:
            cli.warn ('preserving directory tree %r since script %r failed',
                      self.workdir, self.script)
        else:
            shutil.rmtree (self.workdir, ignore_errors=True)



cli_usage = """pkcasascript <scriptfile> [more args...]

Run a specially-designed script inside a CASA environment. This program is not
meant for regular users. See the documentation of the module
`pwkit.environments.casa.scripting` for more information."""

def commandline (argv=None):
    if argv is None:
        argv = sys.argv
        cli.propagate_sigint ()
        cli.unicode_stdio ()
        cli.backtrace_on_usr1 ()

    cli.check_usage (cli_usage, argv, usageifnoargs='long')
    script = argv[1]
    args = argv[2:]

    try:
        with CasapyScript (script, cli_args=args) as cs:
            pass
    except Exception:
        reraise_context ('when running casapy script %r', script)

    if cs.exitcode < 0:
        signum = -cs.exitcode
        print ('casascript error: casapy died with signal %d' % signum)
        signal.signal (signum, signal.SIG_DFL)
        os.kill (os.getpid (), signum)
    elif cs.exitcode:
        if cs.exitcode != 127:
            print ('casascript error: casapy died with exit code %d' % cs.exitcode)
        sys.exit (cs.exitcode)
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  Source code for pwkit.environments.casa.spwglue

# -*- mode: python; coding: utf-8 -*-
# Copyright 2013-2015 Peter Williams <peter@newton.cx> and collaborators
# Licensed under the MIT License

"""pwkit.environments.casa.spwglue - merge spectral windows in a MeasurementSet

I find that merging windows in this way offers a lot of advantages. This
procesing step is very slow, however.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'Progress Config spwglue spwglue_cli').split ()

import numpy as np
from ... import binary_type, text_type
from ...kwargv import ParseKeywords, Custom
from ...cli import check_usage, die
from . import util
from .util import sanitize_unicode as b

def _sfmt (t):
    # Format timespan (t in seconds)
    if t < 90:
        return '%.0fs' % t
    if t < 4000:
        return '%.1fm' % (t / 60)
    if t < 90000:
        return '%.1fh' % (t / 3600)
    return '%.1fd' % (t / 86400)


[docs]class Progress (object):
    """This could be split out; it's useful."""
    elapsed = None

    prefix = None
    totitems = None
    tstart = None
    unbufout = None
    tlastprint = None

    def __enter__ (self):
        return self


    def __exit__ (self, etype, eval, etb):
        if self.tstart is not None:
            self.finish (etype is None)
        return False


    def start (self, totitems, prefix=''):
        import time, os
        self.totitems = totitems
        self.prefix = prefix
        self.tstart = time.time ()
        self.tlastprint = 0
        self.unbufout = os.fdopen (os.dup (1), 'w', 0)


    def progress (self, curitems):
        import time
        now = time.time ()
        if now - self.tlastprint < 1:
            return

        elapsed = now - self.tstart
        li = len (str (self.totitems))

        if curitems == 0:
            msg = '%5.1f%% (%*d/%d) elapsed %s ETA %s total %s' % \
                  (0., li, 0, self.totitems, _sfmt (elapsed), '?', '?')
        else:
            pct = 100. * curitems / self.totitems
            total = 1. * elapsed * self.totitems / curitems
            eta = total - elapsed
            msg = '%5.1f%% (%*d/%d) elapsed %s ETA %s total %s' % \
                  (pct, li, curitems, self.totitems, _sfmt (elapsed),
                   _sfmt (eta), _sfmt (total))

        print (self.prefix, msg.ljust (60), end='\r', file=self.unbufout)
        self.tlastprint = now


    def finish (self, success=True):
        import time
        now = time.time ()
        self.elapsed = now - self.tstart

        if not success:
            print (file=self.unbufout)
        else:
            msg = '100.0%% (%d/%d) elapsed %s ETA 0s total %s' % \
                  (self.totitems, self.totitems, _sfmt (self.elapsed),
                   _sfmt (self.elapsed))
            print (self.prefix, msg.ljust (60), file=self.unbufout)

        self.unbufout.close ()
        self.tstart = self.unbufout = None
        self.tlastprint = self.totitems = None



spwglue_doc = \
"""
casatask spwglue vis=MS out=MS mapping=SPWi-SPWj[,SPWl-SPWm,...]

vis=
  The input MS.

out=
  The output MS. Will be created. If the value contains a comma, it is treated
  as a list of MSes, and the "field" keyword should be provided and contain
  an equal number of values. The single input MS will be split into different
  output MSes for each field.

mapping=
  A comma-separated list of spectral window mappings. Each entry takes the
  form <j>-<k>, where <j> and <k> are integers, k >= j. The input spectral
  windows in this range (inclusive, unlike Python) are glued into a single
  output spectral window, with the order matching the order of the keyword.
  For most wideband VLA datasets you want
    mapping=0-7,8-15

field=
  Optional field ID number. If specified, the new MS will contain data
  for only this field. If the value contains a comma, it is treated as a list
  of fields, and the "out" keyword should be a list of MS names.

hackfield=
  Another optional field ID number, used for fixing up MSes where one
  pointing is accidentally assigned two field IDs. Both "field" and
  "hackfield" are extracted from the dataset, but the output is changed
  so that all the records refer to "field" only. Disallowed if "field" is
  a list of fields.

meanbp=
  Path to a pickled numpy array giving the mean amplitude bandpass of the
  *glued* SPWs. The data are divided by the square of this array, thereby
  taking out this effect. (Each visibility is affected by the bandpasses of
  the two antennas contributing to its baseline, which is why we square the
  bandpass solution.) This makes it easier to run automated RFI flaggers on
  the data without losing excessive numbers of edge channels.

loglevel=
  Logging detail level. Default is info. Options are
    severe warn info info1 info2 info3 info4 info5 debug1 debug2 debugging
"""

class Config (ParseKeywords):
    vis = Custom (str, required=True)
    out = Custom ([str], required=True)

    @Custom ([str], required=True)
    def mapping (bits):
        def parse (item):
            t1, t2 = map (int, item.split ('-'))
            assert t2 >= t1, 'can\'t do reverse-order mappings'
            return range (t1, t2 + 1)
        try:
            return [parse (b) for b in bits]
        except Exception as e:
            die ('unparseable or illegal "mapping" value "%s": %s', ','.join (bits), e)

    field = [int]
    hackfield = int
    meanbp = str

    loglevel = 'info' # XXXXXX


# Different things that we do with columns in the SPECTRAL_WINDOW table:
# match  - scalar values that should all agree
# first  - scalar values and we'll keep the first
# scsum  - scalar values and we'll keep the sum
# concat - vectors that we'll concatenate
# empty  - column should be empty (ndim = -1)
_spw_match_cols = frozenset ('MEAS_FREQ_REF FLAG_ROW FREQ_GROUP FREQ_GROUP_NAME '
                             'IF_CONV_CHAIN NET_SIDEBAND BBC_NO'.split ())
_spw_first_cols = frozenset ('REF_FREQUENCY NAME'.split ())
_spw_scsum_cols = frozenset ('NUM_CHAN TOTAL_BANDWIDTH'.split ())
_spw_concat_cols = frozenset ('CHAN_FREQ CHAN_WIDTH EFFECTIVE_BW RESOLUTION'.split ())
_spw_empty_cols = frozenset ('ASSOC_SPW_ID ASSOC_NATURE'.split ())


def _spwproc_match (spwtb, colname, inspws, outdata):
    theval = None

    for inspw in inspws:
        v = spwtb.getcell (b(colname), inspw)
        if theval is None:
            theval = v
        elif theval != v:
            die ('glued spws should all have same value of %s column but don\'t', colname)

    outdata[colname] = theval


def _spwproc_first (spwtb, colname, inspws, outdata):
    outdata[colname] = spwtb.getcell (b(colname), inspws[0])


def _spwproc_scsum (spwtb, colname, inspws, outdata):
    sum = 0
    for inspw in inspws:
        sum += spwtb.getcell (b(colname), inspw)
    outdata[colname] = sum


def _spwproc_concat (spwtb, colname, inspws, outdata):
    clist = []
    for inspw in inspws:
        clist += list (spwtb.getcell (b(colname), inspw))
    outdata[colname] = clist


# Similar info for the main visibility data
_vis_ident_cols = 'ARRAY_ID FIELD_ID TIME ANTENNA1 ANTENNA2'.split ()
_vis_smatch_cols = frozenset ('EXPOSURE FEED1 FEED2 INTERVAL '
                              'OBSERVATION_ID PROCESSOR_ID SCAN_NUMBER '
                              'STATE_ID TIME_CENTROID'.split ())
_vis_vmatch_cols = frozenset ('UVW WEIGHT SIGMA'.split ())
_vis_or_cols = frozenset ('FLAG_ROW'.split ())
_vis_pconcat_cols = frozenset ('FLAG DATA MODEL_DATA CORRECTED_DATA'.split ())
_vis_data_cols = frozenset ('DATA MODEL_DATA CORRECTED_DATA'.split ())
_vis_empty_cols = frozenset ('FLAG_CATEGORY WEIGHT_SPECTRUM'.split ())
_vis_pconcat_dtypes = {'FLAG': np.bool, 'DATA': np.complex128, 'MODEL_DATA': np.complex128,
                       'CORRECTED_DATA': np.complex128}

_np_converters = {
    np.bool_: bool,
    np.int32: int,
    np.float64: float,
    np.ndarray: lambda x: x,
    int: int,
}

def spwglue (cfg):
    nout = len (cfg.out)
    nfield = len (cfg.field)

    if (nout != 1 or nfield != 0) and (nout != nfield):
        die ('%d outputs requested, but only %d fields listed', nout, nfield)
    if nout != 1 and cfg.hackfield is not None:
        die ('"hackfield" keyword is not compatible with multiple output sets')

    if nfield == 0:
        cfg.field = [None]

    with Progress () as p:
        for idx, (out, field) in enumerate (zip (cfg.out, cfg.field)):
            _spwglue (cfg, p, out, field, nfield, idx)


def fillsmall (path, rows):
    tb = util.tools.table ()
    tb.open (b(path), nomodify=False)
    tb.addrows (len (rows))

    try:
        for i, data in enumerate (rows):
            for col, val in data.iteritems ():
                tb.putcell (b(col), i, val)
    except StandardError as e:
        raise Exception ('error putting: %d %s %s (%s): %s' % (i, col, val, val.__class__, e))

    tb.close ()


def _spwglue (cfg, prog, thisout, thisfield, nfields, fieldidx):
    import os.path

    if cfg.hackfield is not None:
        assert thisfield is not None

    nout = len (cfg.mapping)

    if cfg.meanbp is None:
        invsqmeanbp = None
    else:
        try:
            invsqmeanbp = np.load (cfg.meanbp)
        except Exception as e:
            die ('couldn\'t open bandpass file "%s": %s (%s)', cfg.meanbp,
                 e, e.__class__.__name__)

        if np.any (invsqmeanbp <= 0):
            die ('illegal bandpass file "%s": some values are nonpositive',
                 cfg.meanbp)

        invsqmeanbp **= -2

    # Read in spw and dd info and make sure everything is in order.

    tb = util.tools.table ()
    tb.open (b(os.path.join (cfg.vis, 'SPECTRAL_WINDOW')))
    spwcols = tb.colnames ()
    spwout = [dict () for i in xrange (nout)]

    for col in spwcols:
        if col in _spw_match_cols:
            for i in xrange (nout):
                _spwproc_match (tb, col, cfg.mapping[i], spwout[i])
        elif col in _spw_first_cols:
            for i in xrange (nout):
                _spwproc_first (tb, col, cfg.mapping[i], spwout[i])
        elif col in _spw_scsum_cols:
            for i in xrange (nout):
                _spwproc_scsum (tb, col, cfg.mapping[i], spwout[i])
        elif col in _spw_concat_cols:
            for i in xrange (nout):
                _spwproc_concat (tb, col, cfg.mapping[i], spwout[i])
        elif col in _spw_empty_cols:
            pass
        else:
            die ('don\'t know how to handle SPECTRAL_WINDOW column "%s" in %s"',
                 col, cfg.vis)

    numchans = tb.getcol (b'NUM_CHAN')
    tb.close ()
    inspw2outspw = {}

    for i in xrange (nout):
        ofs = 0

        for inspw in cfg.mapping[i]:
            if inspw in inspw2outspw:
                die ('spw %d gets duplicated in mapping', inspw)
            inspw2outspw[inspw] = (i, ofs)
            ofs += numchans[inspw]

    # We only handle 1:1 mappings between DD and SPW.
    tb.open (b(os.path.join (cfg.vis, 'DATA_DESCRIPTION')))
    ddflagrows = np.asarray (tb.getcol (b'FLAG_ROW'))
    ddpids = np.asarray (tb.getcol (b'POLARIZATION_ID'))
    ddspws = np.asarray (tb.getcol (b'SPECTRAL_WINDOW_ID'))
    tb.close ()
    indd2outdd = {}
    ddout = [{'SPECTRAL_WINDOW_ID': i} for i in xrange (nout)]

    for i in xrange (ddspws.size):
        inspw = ddspws[i]

        if inspw not in inspw2outspw:
            continue # this dd gets dropped in the processing

        outspw, outofs = inspw2outspw[inspw]
        indd2outdd[i] = (outspw, outofs)

        fr = ddout[outspw].get ('FLAG_ROW')
        if fr is None:
            ddout[outspw]['FLAG_ROW'] = int (ddflagrows[i]) # hack: have to convert bool->int for some reason
        elif ddflagrows[i] != fr:
            die ('dd %d glued into output spw %d has different FLAG_ROW ident', i, outspw)

        pid = ddout[outspw].get ('POLARIZATION_ID')
        if pid is None:
            ddout[outspw]['POLARIZATION_ID'] = int (ddpids[i]) # np.int32 -> int
        elif ddpids[i] != pid:
            die ('dd %d glued into output spw %d has different POLARIZATION ident', i, outspw)

    # We don't actually do any sanity checking with the SOURCE table, but we
    # do need to modify it. Let's just load it up here while we're loading up
    # all of the other small tables.

    tb = util.tools.table ()
    tb.open (b(os.path.join (cfg.vis, 'SOURCE')))
    srccols = [c for c in tb.colnames ()
               if tb.iscelldefined (c, 0)] # at least POSITION is undefined
    srckeys = set ()
    srcout = []

    for i in xrange (tb.nrows ()):
        data = dict ((c, tb.getcell (b(c), i)) for c in srccols)
        m = inspw2outspw.get (data['SPECTRAL_WINDOW_ID'])
        if m is None:
            continue # this spw is being dropped

        data['SPECTRAL_WINDOW_ID'] = m[0]
        key = (data['SOURCE_ID'], data['TIME'], data['INTERVAL'], m[0])

        if key in srckeys:
            # XXX: should verify that rest of data are identical, but too lazy.
            continue

        srcout.append (data)
        srckeys.add (key)

    # Need this for buffer prealloc

    tb.open (b(os.path.join (cfg.vis, 'POLARIZATION')))
    numcorrs = tb.getcol (b'NUM_CORR')
    tb.close ()

    # We've done all the preparation we can. Time to start copying. tb.copy()
    # will clobber existing tables, so do our best to ensure that there isn't
    # anything preexisting so far. Of course someone could put a table in the
    # destination between this mkdir and the actual copy.

    os.mkdir (thisout)

    # Copy the overall table structure without contents.

    tb.open (b(cfg.vis))
    tb.copy (newtablename=b(thisout), deep=True, valuecopy=True,
             norows=True).close () # copy() returns the new table.
    tb.close ()

    for item in os.listdir (cfg.vis):
        if not os.path.exists (os.path.join (cfg.vis, item, 'table.dat')):
            continue
        if item in 'SPECTRAL_WINDOW DATA_DESCRIPTION SOURCE'.split ():
            continue # will handle these manually
        if item == 'SYSPOWER':
            continue # XXX; large and unused
        if item == 'SORTED_TABLE':
            continue # XXX; copies main data rows; not sure what to do about it

        tb.open (b(os.path.join (cfg.vis, item)))
        tb.copy (b(os.path.join (thisout, item)), deep=False, valuecopy=True,
                 norows=False).close ()
        tb.close ()

    # The rewritten small tables.

    fillsmall (os.path.join (thisout, 'SPECTRAL_WINDOW'), spwout)
    fillsmall (os.path.join (thisout, 'DATA_DESCRIPTION'), ddout)
    fillsmall (os.path.join (thisout, 'SOURCE'), srcout)

    # Rewriting the main table.

    tb.open (b(cfg.vis))
    colnames = [c for c in tb.colnames ()
                if c not in _vis_empty_cols]
    nchunk = 1024

    dt = util.tools.table ()
    dt.open (b(thisout), nomodify=False)
    outrow = 0

    for outspw in xrange (nout):
        q = ' or '.join ('DATA_DESC_ID == %d' % t[0] for t in indd2outdd.iteritems ()
                         if t[1][0] == outspw)
        if cfg.hackfield is not None:
            q = '(FIELD_ID == %s or FIELD_ID == %s) and (%s)' % (thisfield, cfg.hackfield, q)
        elif thisfield is not None:
            q = 'FIELD_ID == %s and (%s)' % (thisfield, q)
        if cfg.hackfield is not None:
            sortlist = 'ARRAY_ID, TIME, ANTENNA1, ANTENNA2, DATA_DESC_ID'
        else:
            sortlist = 'ARRAY_ID, FIELD_ID, TIME, ANTENNA1, ANTENNA2, DATA_DESC_ID'
        st = tb.query (b(q), sortlist=b(sortlist))
        inrow = 0
        nq = st.nrows ()

        ncorr = numcorrs[ddout[outspw]['POLARIZATION_ID']]
        nchan = spwout[outspw]['NUM_CHAN']
        curident = None
        curout = {}

        if invsqmeanbp is not None and nchan != invsqmeanbp.size:
            die ('need to apply bandpass of %d channels, but output spw %d has '
                 '%d channels', invsqmeanbp.size, outspw, nchan)

        for col in colnames:
            if col in _vis_pconcat_cols:
                curout[col] = np.zeros ((ncorr, nchan), dtype=_vis_pconcat_dtypes[col])
            else:
                curout[col] = None

        def dump ():
            # increment outrow after calling.
            dt.addrows (1)
            for col in colnames:
                v = curout[col]
                v = _np_converters[v.__class__] (v)

                if invsqmeanbp is not None and col in _vis_data_cols:
                    v *= invsqmeanbp

                dt.putcell (b(col), outrow, v)

                if isinstance (v, np.ndarray):
                    v.fill (0)
                else:
                    curout[col] = None

        prog.start (nq, '%d/%d' % (nout * fieldidx + outspw + 1, nout * nfields))

        while inrow < nq:
            prog.progress (inrow)

            vdata = {}
            for col in colnames:
                vdata[col] = st.getcol (col, inrow, nchunk)

            nread = vdata['TIME'].size

            if cfg.hackfield is not None:
                vdata['FIELD_ID'].fill (thisfield)

            for i in xrange (nread):
                outspw, outofs = indd2outdd[vdata['DATA_DESC_ID'][i]]
                newident = tuple (vdata[c][i] for c in _vis_ident_cols)

                if newident != curident:
                    # Starting a new record
                    if curident is not None:
                        dump ()
                        outrow += 1
                    curident = newident

                    for col in colnames:
                        if (col in _vis_ident_cols or
                            col in _vis_smatch_cols or
                            col in _vis_or_cols):
                            curout[col] = vdata[col][i]
                        elif col in _vis_vmatch_cols:
                            curout[col] = vdata[col][...,i]
                        elif col in _vis_pconcat_cols:
                            d = vdata[col][...,i]
                            curout[col][:,outofs:outofs+d.shape[1]] = d
                        elif col == 'DATA_DESC_ID':
                            curout['DATA_DESC_ID'] = outspw
                        else:
                            die ('unhandled vis column %s', col)
                else:
                    # Continuing an existing record
                    for col in colnames:
                        if col in _vis_ident_cols or col == 'DATA_DESC_ID' or col == 'WEIGHT' \
                               or col == 'SIGMA':
                            pass
                        elif col in _vis_smatch_cols:
                            if vdata[col][i] != curout[col]:
                                die ('changing value for column %s within a glued record', col)
                        elif col in _vis_vmatch_cols:
                            if not np.all (vdata[col][...,i] == curout[col]):
                                die ('changing value for column %s within a glued record: %r , %r', col,
                                     vdata[col][...,i], curout[col])
                        elif col in _vis_or_cols:
                            curout[col] |= vdata[col][i]
                        elif col in _vis_pconcat_cols:
                            d = vdata[col][...,i]
                            curout[col][:,outofs:outofs+d.shape[1]] = d
                        else:
                            die ('unhandled vis column %s', col)

            inrow += nread

        if curout['TIME'] is not None:
            dump () # finish this last record.
            outrow += 1

        prog.finish ()

    dt.close ()
    tb.close ()


def spwglue_cli (argv):
    check_usage (spwglue_doc, argv, usageifnoargs=True)
    cfg = Config ().parse (argv[1:])
    util.logger (cfg.loglevel)
    spwglue (cfg)
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  Source code for pwkit.numutil

# -*- mode: python; coding: utf-8 -*-
# Copyright 2014-2015 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""numutil - NumPy and generic numerical utilities.

Functions:

dfsmooth          - Convolve data series in a pandas DataFrame with a window.
fits_recarray_to_data_frame
                  - Convert a FITS data table to a Pandas DataFrame
make_step_lcont   - Return a step function that is left-continuous.
make_step_rcont   - Return a step function that is right-continuous.
make_tophat_ee    - Return a tophat function operating on an exclusive/exclusive range.
make_tophat_ei    - Return a tophat function operating on an exclusive/inclusive range.
make_tophat_ie    - Return a tophat function operating on an inclusive/exclusive range.
make_tophat_ii    - Return a tophat function operating on an inclusive/inclusive range.
reduce_data_frame - Reduce rows of a DataFrame in chunks
reduce_data_frame_evenly_with_gaps
                  - Reduce DataFrame rows in approximately even-sized chunks.
rms               - Calculate the square root of the mean of the squares of x.
parallel_newton   - Parallelized invocation of `scipy.optimize.newton`.
parallel_quad     - Parallelized invocation of `scipy.integrate.quad`.
slice_around_gaps - Slice an ordered array into chunks separated by gaps.
slice_evenly_with_gaps
                  - Generate approximately same-sized slices of an ordered array.
unit_tophat_ee    - Tophat function on (0,1).
unit_tophat_ei    - Tophat function on (0,1].
unit_tophat_ie    - Tophat function on [0,1).
unit_tophat_ii    - Tophat function on [0,1].
usmooth           - Convolve data series with a window, with uncertainties.
weighted_mean     - Compute a weighted mean from values and their uncertainties.
weighted_mean_df  - Convenience wrapper to call weighted_mean on a DataFrame.
weighted_variance - Estimate the variance of a weighted sampled.

Decorators:

broadcastize - Make a Python function automatically broadcast arguments.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'''broadcastize dfsmooth fits_recarray_to_data_frame make_step_lcont
           make_step_rcont make_tophat_ee make_tophat_ei make_tophat_ie
           make_tophat_ii parallel_newton parallel_quad rms unit_tophat_ee
           unit_tophat_ei unit_tophat_ie unit_tophat_ii usmooth weighted_mean
           weighted_mean_df weighted_variance''').split ()

import functools
import numpy as np

from .method_decorator import method_decorator


def _broadcastize_spec_to_scalar_filter (s):
    if s is None:
        # This return value is independent of the inputs altogether.
        return lambda x: x
    if s == 0:
        # This return value has the same shape as the input(s). If we
        # promoted to a 1-element vector, we need to demote.
        return np.asscalar
    if s == 1:
        # This return value is a larger vector of the input(s). If we promoted
        # from a scalar, we drop the final axis. We asarray() the result for
        # convenience/robustness.
        return lambda x: np.asarray (x)[...,0]

    raise ValueError ('unrecognized @broadcastize ret_spec value %r' % s)


class _Broadcaster (method_decorator):
    # _BroadcasterDecorator must set self._n_arr and _scalar_ret_filter on creation.

    def fixup (self, newobj):
        # This function is used by the method_decorator superclass.
        newobj._n_arr = object.__getattribute__ (self, '_n_arr')
        newobj._force_float = object.__getattribute__ (self, '_force_float')
        newobj._scalar_ret_filter = object.__getattribute__ (self, '_scalar_ret_filter')

    def __call__ (self, *args, **kwargs):
        n_arr = object.__getattribute__ (self, '_n_arr')
        force_float = object.__getattribute__ (self, '_force_float')

        if len (args) < n_arr:
            raise TypeError ('expected at least %d arguments, got %d'
                             % (n_arr, len (args)))

        bc_raw = np.broadcast_arrays (*args[:n_arr])
        if force_float:
            bc_raw = tuple (np.asfarray (a) for a in bc_raw)
        bc_1d = tuple (np.atleast_1d (a) for a in bc_raw)
        rest = args[n_arr:]
        result = super (_Broadcaster, self).__call__ (*(bc_1d + rest), **kwargs)

        if bc_raw[0].ndim == 0:
            # Inputs were all scalars. We need to filter the output(s) to
            # remove extra axes.
            scalar_ret_filter = object.__getattribute__ (self, '_scalar_ret_filter')
            result = scalar_ret_filter (result)

        return result


class _BroadcasterDecorator (object):
    """Decorator to make functions automatically work on vectorized arguments.

    @broadcastize (3) # myfunc's first 3 arguments should be arrays.
    def myfunc (arr1, arr2, arr3, non_vec_arg1, non_vec_arg2):
        ...

    This decorator makes it so that the child function's arguments are assured
    to be Numpy arrays of at least 1 dimension, and all having the same shape.
    The child can then perform vectorized computations without having to
    special-case scalar-vs.-vector possibilities or worry about manual
    broadcasting. If the inputs to the function are indeed all scalars, the output
    is converted back to scalar upon return.

    Therefore, for the caller, the function appears to have magic broadcasting
    rules equivalent to a Numpy ufunc. Meanwhile the implementer can get
    broadcasting behavior without having to special case the actual inputs.

    """
    def __init__ (self, n_arr, ret_spec=0, force_float=True):
        """Decorator for making a auto-broadcasting function. Arguments:

        n_arr - The number of array arguments accepted by the decorated function.
                These arguments come at the beginning of the argument list.

        """
        self._n_arr = int (n_arr)
        if self._n_arr < 1:
            raise ValueError ('broadcastiz\'ed function must take at least 1 '
                              'array argument')

        self._force_float = bool (force_float)

        if isinstance (ret_spec, tuple):
            filters = tuple (_broadcastize_spec_to_scalar_filter (s) for s in ret_spec)
            self._scalar_ret_filter = lambda r: tuple (f (v) for f, v in zip (filters, r))
        else:
            self._scalar_ret_filter = _broadcastize_spec_to_scalar_filter (ret_spec)


    def __call__ (self, subfunc):
        b = _Broadcaster (subfunc)
        b._n_arr = self._n_arr
        b._force_float = self._force_float
        b._scalar_ret_filter = self._scalar_ret_filter
        return b

broadcastize = _BroadcasterDecorator


# Very misc.

[docs]def fits_recarray_to_data_frame (recarray, drop_nonscalar_ok=True):
    """Convert a FITS data table, stored as a Numpy record array, into a Pandas
    DataFrame object. Non-scalar columns are discarded.

    FITS data are big-endian, whereas nowadays almost everything is
    little-endian. This seems to be an issue for Pandas DataFrames, where
    df[['col1', 'col2']] triggers an assertion for me if the underlying data
    are not native-byte-ordered. While we're at it, we lower-case the column
    names.

    """
    from pandas import DataFrame

    def normalize ():
        for column in recarray.columns:
            n = column.name
            d = recarray[n]

            if d.ndim != 1:
                if not drop_nonscalar_ok:
                    raise ValueError ('input must have only scalar columns')
                continue

            if d.dtype.isnative:
                yield (n.lower (), d)
            else:
                yield (n.lower (), d.byteswap (True).newbyteorder ())

    return DataFrame (dict (normalize ()))



[docs]def data_frame_to_astropy_table (dataframe):
    """This is basically a copy of astropy.tables.table.Table.from_pandas();
    Anaconda currently only has astropy 1.0 which doesn't contain this.

    """
    from astropy.utils import OrderedDict
    from astropy.table import Table, Column, MaskedColumn
    from astropy.extern import six

    out = OrderedDict()

    for name in dataframe.columns:
        column = dataframe[name]
        mask = np.array (column.isnull ())
        data = np.array (column)

        if data.dtype.kind == 'O':
            # If all elements of an object array are string-like or np.nan
            # then coerce back to a native numpy str/unicode array.
            string_types = six.string_types
            if six.PY3:
                string_types += (bytes,)
            nan = np.nan
            if all(isinstance(x, string_types) or x is nan for x in data):
                # Force any missing (null) values to b''.  Numpy will
                # upcast to str/unicode as needed.
                data[mask] = b''

                # When the numpy object array is represented as a list then
                # numpy initializes to the correct string or unicode type.
                data = np.array([x for x in data])

        if np.any(mask):
            out[name] = MaskedColumn(data=data, name=name, mask=mask)
        else:
            out[name] = Column(data=data, name=name)

    return Table(out)



[docs]def page_data_frame (df, pager_argv=['less'], **kwargs):
    """Render a DataFrame as text and send it to a terminal pager program (e.g.
    `less`), so that one can browse a full table conveniently.

    df
      The DataFrame to view
    pager_argv: default ``['less']``
      A list of strings passed to :class:`subprocess.Popen` that launches
      the pager program
    kwargs
      Additional keywords are passed to :meth:`pandas.DataFrame.to_string`.

    Returns ``None``. Execution blocks until the pager subprocess exits.

    """
    import codecs, subprocess, sys

    pager = subprocess.Popen (pager_argv, shell=False,
                              stdin=subprocess.PIPE,
                              close_fds=True)

    try:
        enc = codecs.getwriter (sys.stdout.encoding or 'utf8') (pager.stdin)
        df.to_string (enc, **kwargs)
    finally:
        enc.close ()
        pager.stdin.close ()
        pager.wait ()


# Chunked averaging of data tables


[docs]def slice_around_gaps (values, maxgap):
    """Given an ordered array of values, generate a set of slices that traverse
    all of the values. Within each slice, no gap between adjacent values is
    larger than `maxgap`. In other words, these slices break the array into
    chunks separated by gaps of size larger than maxgap.

    """
    if not (maxgap > 0):
        # above test catches NaNs, other weird cases
        raise ValueError ('maxgap must be positive; got %r' % maxgap)

    values = np.asarray (values)
    delta = values[1:] - values[:-1]

    if np.any (delta < 0):
        raise ValueError ('values must be in nondecreasing order')

    whgap = np.where (delta > maxgap)[0] + 1
    prev_idx = None

    for gap_idx in whgap:
        yield slice (prev_idx, gap_idx)
        prev_idx = gap_idx

    yield slice (prev_idx, None)



[docs]def slice_evenly_with_gaps (values, target_len, maxgap):
    """Given an ordered array of values, generate a set of slices that traverse
    all of the values. Each slice contains about `target_len` items. However,
    no slice contains a gap larger than `maxgap`, so a slice may contain only
    a single item (if it is surrounded on both sides by a large gap). If a
    non-gapped run of values does not divide evenly into `target_len`, the
    algorithm errs on the side of making the slices contain more than
    `target_len` items, rather than fewer. It also attempts to keep the slice
    size uniform within each non-gapped run.

    """
    if not (target_len > 0):
        raise ValueError ('target_len must be positive; got %r' % target_len)

    values = np.asarray (values)
    l = values.size

    for gapslice in slice_around_gaps (values, maxgap):
        start, stop, ignored_stride = gapslice.indices (l)
        num_elements = stop - start
        nsegments = int (np.floor (float (num_elements) / target_len))
        nsegments = max (nsegments, 1)
        nsegments = min (nsegments, num_elements)
        segment_len = num_elements / nsegments
        offset = 0.
        prev = start

        for _ in xrange (nsegments):
            offset += segment_len
            next = start + int (round (offset))
            if next > prev:
                yield slice (prev, next)
            prev = next



[docs]def reduce_data_frame (df, chunk_slicers,
                       avg_cols=(),
                       uavg_cols=(),
                       minmax_cols=(),
                       nchunk_colname='nchunk',
                       uncert_prefix='u',
                       min_points_per_chunk=3):
    """"Reduce" a DataFrame by collapsing rows in grouped chunks. Returns another
    DataFrame with similar columns but fewer rows.

    `chunk_slicers` is an iterable that returns values that are used to slice
    `df` with its `iloc()` method. An example value might be the generator
    returned from `slice_evenly_with_gaps`.

       avg_cols - Reduced by taking the mean
      uavg_cols - Reduced by taking a weighted mean
    minmax_cols - Reduced by reporting the min and max values in each chunk.

    """
    subds = [df.iloc[idx] for idx in chunk_slicers]
    subds = [sd for sd in subds if sd.shape[0] >= min_points_per_chunk]

    chunked = df.__class__ ({nchunk_colname: np.zeros (len (subds), dtype=np.int)})

    # Some future-proofing: allow possibility of different ways of mapping
    # from a column giving a value to a column giving its uncertainty.

    uncert_col_name = lambda c: uncert_prefix + c

    for i, subd in enumerate (subds):
        label = chunked.index[i]
        chunked.loc[label,nchunk_colname] = subd.shape[0]

        for col in avg_cols:
            chunked.loc[label,col] = subd[col].mean ()

        for col in uavg_cols:
            ucol = uncert_col_name (col)
            v, u = weighted_mean (subd[col], subd[ucol])
            chunked.loc[label,col] = v
            chunked.loc[label,ucol] = u

        for col in minmax_cols:
            chunked.loc[label, 'min_'+col] = subd[col].min ()
            chunked.loc[label, 'max_'+col] = subd[col].max ()

    return chunked



[docs]def reduce_data_frame_evenly_with_gaps (df, valcol, target_len, maxgap, **kwargs):
    return reduce_data_frame (df,
                              slice_evenly_with_gaps (df[valcol], target_len, maxgap),
                              **kwargs)


# Smooth a timeseries with uncertainties


[docs]def usmooth (window, uncerts, *data, **kwargs):
    """Smooth data series according to a window, weighting based on uncertainties.
    Arguments:

    window  - the window
    uncerts - an array of uncertainties used to weight the smoothing
    *data   - the data series, same size as `uncerts`
    k=None  - Only keep every `k`th point of the results; if k is None,
              it is set to window.size.

    Returns: (s_uncerts, s_data[0], s_data[1], ...) - the smoothed uncertainties
    and data series.

    Example:

        u, x, y = numutil.usmooth (np.hamming (7), u, x, y)

    """
    window = np.asarray (window)
    uncerts = np.asarray (uncerts)

    # Hacky keyword argument handling because you can't write "def foo (*args,
    # k=0)".

    k = kwargs.pop ('k', None)

    if len (kwargs):
        raise TypeError ("smooth() got an unexpected keyword argument '%s'"
                         % kwargs.keys ()[0])

    # Done with kwargs futzing.

    if k is None:
        k = window.size

    conv = lambda q, r: np.convolve (q, r, mode='valid')

    if uncerts is None:
        w = np.ones_like (x)
    else:
        w = uncerts ** -2

    cw = conv (w, window)
    cu = np.sqrt (conv (w, window**2)) / cw
    result = [cu] + [conv (w * np.asarray (x), window) / cw for x in data]

    if k != 1:
        result = [x[::k] for x in result]
    return result



[docs]def dfsmooth (window, df, ucol, k=None):
    """Smooth a Pandas DataFrame according to a window, weighting based on
    uncertainties. Arguments:

    window  - the window.
    df      - the data frame.
    ucol    - the name of the column in `df` that contains the uncertainties
              to weight by.
    k=None  - Only keep every `k`th point of the results; if k is None,
              it is set to window.size.

    Returns: a smoothed data frame.

    The returned data frame has a default integer index.

    Example:

        sdata = numutil.dfsmooth (np.hamming (7), data, 'u_temp')

    """
    import pandas as pd

    if k is None:
        k = window.size

    conv = lambda q, r: np.convolve (q, r, mode='valid')
    w = df[ucol] ** -2
    invcw = 1. / conv (w, window)

    # XXX: we're not smoothing the index.

    res = {}

    for col in df.columns:
        if col == ucol:
            res[col] = np.sqrt (conv (w, window**2)) * invcw
        else:
            res[col] = conv (w * df[col], window) * invcw

    res = pd.DataFrame (res)
    return res[::k]


# Parallelized versions of various routines that don't operate vectorially
# even though sometimes it'd be nice to pretend that they do.


[docs]def parallel_newton (func, x0, fprime=None, par_args=(), simple_args=(), tol=1.48e-8,
                     maxiter=50, parallel=True, **kwargs):
    """A parallelized version of `scipy.optimize.newton`.

    Arguments:

    func        - The function to search for zeros, called as f(x, [*par_args...], [*simple_args...])
    x0          - The initial point for the zero search.
    fprime      - (Optional) The first derivative of `func`, called the same way.
    par_args    - Tuple of additional parallelized arguments.
    simple_args - Tuple of additional arguments passed identically to every invocation.
    tol         - The allowable error of the zero value.
    maxiter     - Maximum number of iterations.
    parallel    - Controls parallelization; default uses all available cores.
                  See `pwkit.parallel.make_parallel_helper`.
    **kwargs    - Passed to `scipy.optimize.newton`.

    Returns: locations of zeros.

    Finds zeros in parallel. The values `x0`, `tol`, `maxiter`, and the items
    of `par_args` should all be numeric, and may be N-dimensional Numpy
    arrays. They are all broadcast to a common shape, and one zero-finding run
    is performed for each element in the resulting array. The return value is
    an array of zero locations having the same shape as the common broadcast
    of the parameters named above.

    The `simple_args` are passed to each function identically for each
    integration. They do not need to be Pickle-able.

    Example:

    >>> parallel_newton (lambda x, a: x - 2 * a, 2,
                         par_args=(np.arange (6),))
    <<< array([  0.,   2.,   4.,   6.,   8.,  10.])

    >>> parallel_newton (lambda x: np.sin (x), np.arange (6))
    <<< array([  0.00000000e+00,   3.65526589e-26,   3.14159265e+00,
                 3.14159265e+00,   3.14159265e+00,   6.28318531e+00])

    """
    from scipy.optimize import newton

    from .parallel import make_parallel_helper
    phelp = make_parallel_helper (parallel)

    if not isinstance (par_args, tuple):
        raise ValueError ('par_args must be a tuple')

    if not isinstance (simple_args, tuple):
        raise ValueError ('simple_args must be a tuple')

    bc_raw = np.broadcast_arrays (x0, tol, maxiter, *par_args)
    bc_1d = tuple (np.atleast_1d (a) for a in bc_raw)

    def gen_var_args ():
        for i in xrange (bc_1d[0].size):
            yield tuple (x.flat[i] for x in bc_1d)

    def helper (i, _, var_args):
        x0, tol, maxiter = var_args[:3]
        args = var_args[3:] + simple_args
        return newton (func, x0, fprime=fprime, args=args, tol=tol,
                       maxiter=maxiter, **kwargs)

    with phelp.get_ppmap () as ppmap:
        result = np.asarray (ppmap (helper, None, gen_var_args ()))

    if bc_raw[0].ndim == 0:
        return np.asscalar (result)
    return result



[docs]def parallel_quad (func, a, b, par_args=(), simple_args=(), parallel=True, **kwargs):
    """A parallelized version of `scipy.integrate.quad`.

    Arguments:

    func        - The function to integrate, called as f(x, [*par_args...], [*simple_args...])
    a           - The lower limit(s) of integration.
    b           - The upper limits(s) of integration.
    par_args    - Tuple of additional parallelized arguments.
    simple_args - Tuple of additional arguments passed identically to every invocation.
    parallel    - Controls parallelization; default uses all available cores.
                  See `pwkit.parallel.make_parallel_helper`.
    **kwargs    - Passed to `scipy.integrate.quad`. Don't set 'full_output' to True.

    Returns: integrals and errors, see below.

    Computes many integrals in parallel. The values `a`, `b`, and the items of
    `par_args` should all be numeric, and may be N-dimensional Numpy arrays.
    They are all broadcast to a common shape, and one integral is performed
    for each element in the resulting array. If this common shape is (X,Y,Z),
    the return value has shape (2,X,Y,Z), where the subarray [0,...] contains
    the computed integrals and the subarray [1,...] contains the absolute
    error estimates. If `a`, `b`, and the items in `par_args` are all scalars,
    the return value has shape (2,).

    The `simple_args` are passed to each integrand function identically for each
    integration. They do not need to be Pickle-able.

    Example:

    >>> parallel_quad (lambda x, u, v, q: u * x + v,
                       0, # a
                       [3, 4], # b
                       (np.arange (6).reshape ((3,2)), np.arange (3).reshape ((3,1))), # par_args
                       ('hello',),)

    Computes six integrals and returns an array of shape (2,3,2). The
    functions that are evaluated are

      [[ 0*x + 0, 1*x + 0 ],
       [ 2*x + 1, 3*x + 1 ],
       [ 4*x + 2, 5*x + 2 ]]

    and the bounds of the integrals are

      [[ (0, 3), (0, 4) ],
       [ (0, 3), (0, 4) ],
       [ (0, 3), (0, 4) ]]

    In all cases the unused fourth parameter 'q' is 'hello'.

    """
    from scipy.integrate import quad

    from .parallel import make_parallel_helper
    phelp = make_parallel_helper (parallel)

    if not isinstance (par_args, tuple):
        raise ValueError ('par_args must be a tuple')

    if not isinstance (simple_args, tuple):
        raise ValueError ('simple_args must be a tuple')

    bc_raw = np.broadcast_arrays (a, b, *par_args)
    bc_1d = tuple (np.atleast_1d (a) for a in bc_raw)

    def gen_var_args ():
        for i in xrange (bc_1d[0].size):
            yield tuple (x.flat[i] for x in bc_1d)

    def helper (i, _, var_args):
        a, b = var_args[:2]
        return quad (func, a, b, var_args[2:] + simple_args, **kwargs)

    with phelp.get_ppmap () as ppmap:
        result_list = ppmap (helper, None, gen_var_args ())

    if bc_raw[0].ndim == 0:
        return np.asarray (result_list[0])

    result_arr = np.empty ((2,) + bc_raw[0].shape)
    for i in xrange (bc_1d[0].size):
        result_arr[0].flat[i], result_arr[1].flat[i] = result_list[i]
    return result_arr


# Some miscellaneous numerical tools


[docs]def rms (x):
    """Return the square root of the mean of the squares of ``x``."""
    return np.sqrt (np.square (x).mean ())



[docs]def weighted_mean (values, uncerts, **kwargs):
    values = np.asarray (values)
    uncerts = np.asarray (uncerts)
    weights = uncerts ** -2
    wt_mean, wt_sum = np.average (values, weights=weights, returned=True, **kwargs)
    return wt_mean, wt_sum ** -0.5



[docs]def weighted_mean_df (df, **kwargs):
    """Compute a weighted mean from a two-column Pandas DataFrame, where the first
    column gives values and the second gives their uncertainties. Returns
    (weighted_mean, uncertainty_in_mean).

    """
    return weighted_mean (df[df.columns[0]], df[df.columns[1]], **kwargs)



[docs]def weighted_variance (x, weights):
    """Return the variance of a weighted sample.

    The weighted sample mean is calculated and subtracted off, so the returned
    variance is upweighted by ``n / (n - 1)``. If the sample mean is known to
    be zero, you should just compute ``np.average (x**2, weights=weights)``.

    """
    n = len (x)
    if n < 3:
        raise ValueError ('cannot calculate meaningful variance of fewer '
                          'than three samples')
    wt_mean = np.average (x, weights=weights)
    return np.average (np.square (x - wt_mean), weights=weights) * n / (n - 1)


# Tophat functions -- numpy doesn't have anything built-in (that I know of)
# that does this in a convenient way that I'd like. These are useful for
# defining functions in a piecewise-ish way, although also pay attention to
# the existence of np.piecewise!
#
# We're careful with inclusivity/exclusivity of the bounds since that can be
# important.


[docs]def unit_tophat_ee (x):
    """Tophat function on the unit interval, left-exclusive and right-exclusive.
    Returns 1 if 0 < x < 1, 0 otherwise.

    """
    x = np.asarray (x)
    x1 = np.atleast_1d (x)
    r = ((0 < x1) & (x1 < 1)).astype (x.dtype)
    if x.ndim == 0:
        return np.asscalar (r)
    return r



[docs]def unit_tophat_ei (x):
    """Tophat function on the unit interval, left-exclusive and right-inclusive.
    Returns 1 if 0 < x <= 1, 0 otherwise.

    """
    x = np.asarray (x)
    x1 = np.atleast_1d (x)
    r = ((0 < x1) & (x1 <= 1)).astype (x.dtype)
    if x.ndim == 0:
        return np.asscalar (r)
    return r



[docs]def unit_tophat_ie (x):
    """Tophat function on the unit interval, left-inclusive and right-exclusive.
    Returns 1 if 0 <= x < 1, 0 otherwise.

    """
    x = np.asarray (x)
    x1 = np.atleast_1d (x)
    r = ((0 <= x1) & (x1 < 1)).astype (x.dtype)
    if x.ndim == 0:
        return np.asscalar (r)
    return r



[docs]def unit_tophat_ii (x):
    """Tophat function on the unit interval, left-inclusive and right-inclusive.
    Returns 1 if 0 <= x <= 1, 0 otherwise.

    """
    x = np.asarray (x)
    x1 = np.atleast_1d (x)
    r = ((0 <= x1) & (x1 <= 1)).astype (x.dtype)
    if x.ndim == 0:
        return np.asscalar (r)
    return r



[docs]def make_tophat_ee (lower, upper):
    """Return a ufunc-like tophat function on the defined range, left-exclusive
    and right-exclusive. Returns 1 if lower < x < upper, 0 otherwise.

    """
    if not np.isfinite (lower):
        raise ValueError ('"lower" argument must be finite number; got %r' % lower)
    if not np.isfinite (upper):
        raise ValueError ('"upper" argument must be finite number; got %r' % upper)

    def range_tophat_ee (x):
        x = np.asarray (x)
        x1 = np.atleast_1d (x)
        r = ((lower < x1) & (x1 < upper)).astype (x.dtype)
        if x.ndim == 0:
            return np.asscalar (r)
        return r

    range_tophat_ee.__doc__ = ('Ranged tophat function, left-exclusive and '
                               'right-exclusive. Returns 1 if %g < x < %g, '
                               '0 otherwise.') % (lower, upper)
    return range_tophat_ee



[docs]def make_tophat_ei (lower, upper):
    """Return a ufunc-like tophat function on the defined range, left-exclusive
    and right-inclusive. Returns 1 if lower < x <= upper, 0 otherwise.

    """
    if not np.isfinite (lower):
        raise ValueError ('"lower" argument must be finite number; got %r' % lower)
    if not np.isfinite (upper):
        raise ValueError ('"upper" argument must be finite number; got %r' % upper)

    def range_tophat_ei (x):
        x = np.asarray (x)
        x1 = np.atleast_1d (x)
        r = ((lower < x1) & (x1 <= upper)).astype (x.dtype)
        if x.ndim == 0:
            return np.asscalar (r)
        return r

    range_tophat_ei.__doc__ = ('Ranged tophat function, left-exclusive and '
                               'right-inclusive. Returns 1 if %g < x <= %g, '
                               '0 otherwise.') % (lower, upper)
    return range_tophat_ei



[docs]def make_tophat_ie (lower, upper):
    """Return a ufunc-like tophat function on the defined range, left-inclusive
    and right-exclusive. Returns 1 if lower <= x < upper, 0 otherwise.

    """
    if not np.isfinite (lower):
        raise ValueError ('"lower" argument must be finite number; got %r' % lower)
    if not np.isfinite (upper):
        raise ValueError ('"upper" argument must be finite number; got %r' % upper)

    def range_tophat_ie (x):
        x = np.asarray (x)
        x1 = np.atleast_1d (x)
        r = ((lower <= x1) & (x1 < upper)).astype (x.dtype)
        if x.ndim == 0:
            return np.asscalar (r)
        return r

    range_tophat_ie.__doc__ = ('Ranged tophat function, left-inclusive and '
                               'right-exclusive. Returns 1 if %g <= x < %g, '
                               '0 otherwise.') % (lower, upper)
    return range_tophat_ie



[docs]def make_tophat_ii (lower, upper):
    """Return a ufunc-like tophat function on the defined range, left-inclusive
    and right-inclusive. Returns 1 if lower < x < upper, 0 otherwise.

    """
    if not np.isfinite (lower):
        raise ValueError ('"lower" argument must be finite number; got %r' % lower)
    if not np.isfinite (upper):
        raise ValueError ('"upper" argument must be finite number; got %r' % upper)

    def range_tophat_ii (x):
        x = np.asarray (x)
        x1 = np.atleast_1d (x)
        r = ((lower <= x1) & (x1 <= upper)).astype (x.dtype)
        if x.ndim == 0:
            return np.asscalar (r)
        return r

    range_tophat_ii.__doc__ = ('Ranged tophat function, left-inclusive and '
                               'right-inclusive. Returns 1 if %g <= x <= %g, '
                               '0 otherwise.') % (lower, upper)
    return range_tophat_ii


# Step functions


[docs]def make_step_lcont (transition):
    """Return a ufunc-like step function that is left-continuous. Returns 1 if
    x > transition, 0 otherwise.

    """
    if not np.isfinite (transition):
        raise ValueError ('"transition" argument must be finite number; got %r' % transition)

    def step_lcont (x):
        x = np.asarray (x)
        x1 = np.atleast_1d (x)
        r = (x1 > transition).astype (x.dtype)
        if x.ndim == 0:
            return np.asscalar (r)
        return r

    step_lcont.__doc__ = ('Left-continuous step function. Returns 1 if x > %g, '
                          '0 otherwise.') % (transition,)
    return step_lcont



[docs]def make_step_rcont (transition):
    """Return a ufunc-like step function that is right-continuous. Returns 1 if
    x >= transition, 0 otherwise.

    """
    if not np.isfinite (transition):
        raise ValueError ('"transition" argument must be finite number; got %r' % transition)

    def step_rcont (x):
        x = np.asarray (x)
        x1 = np.atleast_1d (x)
        r = (x1 >= transition).astype (x.dtype)
        if x.ndim == 0:
            return np.asscalar (r)
        return r

    step_rcont.__doc__ = ('Right-continuous step function. Returns 1 if x >= '
                          '%g, 0 otherwise.') % (transition,)
    return step_rcont
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  Source code for pwkit.environments.casa.util

# -*- mode: python; coding: utf-8 -*-
# Copyright 2015 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.environments.casa.util - core utilities for the CASA Python libraries

Variables are:

INVERSE_C_SM
  Inverse of C in s/m (useful for wavelength to time conversion)
INVERSE_C_NSM
  Inverse of C in ns/m (ditto).
pol_names
  Dict mapping CASA polarization codes to their string names.
pol_to_miriad
  Dict mapping CASA polarization codes to their MIRIAD equivalents.
msselect_keys
  A set of the keys supported by the CASA ms-select subsystem.
tools
  An object for constructing CASA tools: ``ia = tools.image ()``.

Functions are:

datadir
  Return the CASA data directory.
logger
  Create a CASA logger that prints to stderr without leaving a
  casapy.log file around.
forkandlog
  Run a function in a subprocess, returning the text it outputs
  via the CASA logging subsystem.
sanitize_unicode
  Encode Unicode strings as bytes for interfacing with casac
  functions.

"""

from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'''INVERSE_C_MS INVERSE_C_MNS pol_names pol_to_miriad msselect_keys
datadir logger forkandlog sanitize_unicode tools''').split ()

from ... import binary_type, text_type

# Some constants that can be useful.

INVERSE_C_MS  = 3.3356409519815204e-09 # inverse speed of light in m/s
INVERSE_C_MNS = 3.3356409519815204 # inverse speed of light in m/ns

pol_names = {
    0: '?',
    1: 'I', 2: 'Q', 3: 'U', 4: 'V',
    5: 'RR', 6: 'RL', 7: 'LR', 8: 'LL',
    9: 'XX', 10: 'XY', 11: 'YX', 12: 'YY',
    13: 'RX', 14: 'RY', 15: 'LX', 16: 'LY',
    17: 'XR', 18: 'XL', 19: 'YR', 20: 'YL',
    21: 'PP', 22: 'PQ', 23: 'QP', 24: 'QQ',
    25: 'RCirc', 26: 'Lcirc', 27: 'Lin', 28: 'Ptot', 29: 'Plin',
    30: 'PFtot', 31: 'PFlin', 32: 'Pang',
}

pol_to_miriad = {
    # see mirtask.util for the MIRIAD magic numbers.
    1: 1, 2: 2, 3: 3, 4: 4, # IQUV
    5: -1, 6: -3, 7: -4, 8: -2, # R/L
    9: -5, 10: -7, 11: -8, 12: -6, # X/Y
    # rest are inexpressible
}

# "polarization" is technically valid as an MS selection, but it pretty much
# doesn't do what you'd want since records generally contain multiple pols.
# ms.selectpolarization() should be used instead. Maybe ditto for spw?

msselect_keys = frozenset ('array baseline field observation '
                           'scan scaninent spw taql time uvdist'.split ())


[docs]def sanitize_unicode (item):
    """The Python bindings to CASA tasks expect to receive all string values
    as binary data (Python 2.X "str" or 3.X "bytes") and not Unicode (Python
    2.X "unicode" or 3.X "str"). To prep for Python 3 (not that CASA will ever
    be compatible with it ...) I true to use the unicode_literals everywhere,
    and other Python modules are getting better about using Unicode
    consistently, so this causes problems. This helper converts Unicode into
    UTF-8 encoded bytes, handling the common data structures that are passed
    to CASA functions.

    I usually import this as just 'b' and write tool.method (b(arg)), in
    analogy with the b'' byte string syntax.

    """
    if isinstance (item, text_type):
        return item.encode ('utf8')
    if isinstance (item, dict):
        return dict ((sanitize_unicode (k), sanitize_unicode (v)) for k, v in item.iteritems ())
    if isinstance (item, (list, tuple)):
        return item.__class__ (sanitize_unicode (x) for x in item)
    return item


# Finding the data directory


def datadir (*subdirs):
    import os.path
    data = None

    if 'CASAPATH' in os.environ:
        data = os.path.join (os.environ['CASAPATH'].split ()[0], 'data')

    if data is None:
        # The Conda CASA directory layout:
        try:
            import casadef
        except ImportError:
            pass
        else:
            data = os.path.join (os.path.dirname (casadef.task_directory), 'data')
            if not os.path.isdir (data):
                data = None

    if data is None:
        import casac

        prevp = None
        p = os.path.dirname (casac.__file__)
        while len (p) and p != prevp:
            data = os.path.join (p, 'data')
            if os.path.isdir (data):
                break
            prevp = p
            p = os.path.dirname (p)

    if not os.path.isdir (data):
        raise RuntimeError ('cannot identify CASA data directory')

    return os.path.join (data, *subdirs)


# Trying to use the logging facility in a sane way.
#
# As soon as you create a logsink, it creates a file called casapy.log.
# So we do some junk to not leave turds all around the filesystem.

def _rmtree_error (func, path, excinfo):
    from ...cli import warn
    warn ('couldn\'t delete temporary file %s: %s (%s)', path, excinfo[0], func)


def logger (filter='WARN'):
    import os, shutil, tempfile

    cwd = os.getcwd ()
    tempdir = None

    try:
        tempdir = tempfile.mkdtemp (prefix='casautil')

        try:
            os.chdir (tempdir)
            sink = tools.logsink ()
            sink.setlogfile (sanitize_unicode (os.devnull))
            os.unlink ('casapy.log')
        finally:
            os.chdir (cwd)
    finally:
        if tempdir is not None:
            shutil.rmtree (tempdir, onerror=_rmtree_error)

    sink.showconsole (True)
    sink.setglobal (True)
    sink.filter (sanitize_unicode (filter.upper ()))
    return sink


def forkandlog (function, filter='INFO5', debug=False):
    import sys, os

    readfd, writefd = os.pipe ()
    pid = os.fork ()

    if pid == 0:
        # Child process. We never leave this branch.
        #
        # Log messages of priority >WARN are sent to stderr regardless of the
        # status of log.showconsole(). The idea is for this subprocess to be
        # something super lightweight and constrained, so it seems best to
        # nullify stderr, and stdout, to not pollute the output of the calling
        # process.
        #
        # I thought of using the default logger() setup and dup2'ing stderr to
        # the pipe fd, but then if anything else gets printed to stderr (e.g.
        # Python exception info), it'll get sent along the pipe too. The
        # caller would have to be much more complex to be able to detect and
        # handle such output.

        os.close (readfd)

        if not debug:
            f = open (os.devnull, 'w')
            os.dup2 (f.fileno (), 1)
            os.dup2 (f.fileno (), 2)

        sink = logger (filter=filter)
        sink.setlogfile (b'/dev/fd/%d' % writefd)
        function (sink)
        sys.exit (0)

    # Original process.

    os.close (writefd)

    with os.fdopen (readfd) as readhandle:
        for line in readhandle:
            yield line

    info = os.waitpid (pid, 0)

    if info[1]:
        # Because we're a generator, this is the only way for us to signal if
        # the process died. We could be rewritten as a context manager.
        e = RuntimeError ('logging child process PID %d exited '
                          'with error code %d' % tuple (info))
        e.pid, e.exitcode = info
        raise e


# Tool factories.

class _Tools (object):
    """This class is structured so that it supports useful tab-completion
    interactively, but also so that new tools can be constructed if the
    underlying library provides them.

    """
    _builtinNames = '''agentflagger atmosphere calanalysis calibrater calplot
                     componentlist coordsys deconvolver fitter flagger
                     functional image imagepol imager logsink measures
                     msmetadata ms msplot mstransformer plotms regionmanager
                     simulator spectralline quanta table tableplot utils
                     vlafiller vpmanager'''.split ()

    def __getattribute__ (self, n):
        """Returns factories, not instances."""
        # We need to make this __getattribute__, not __getattr__, only because
        # we set the builtin names in the class __dict__ to enable tab-completion.
        import casac

        if hasattr (casac, 'casac'): # casapy >= 4.0?
            t = getattr (casac.casac, n, None)
            if t is None:
                raise AttributeError ('tool "%s" not present' % n)
            return t
        else:
            try:
                return casac.homefinder.find_home_by_name (n + 'Home').create
            except Exception:
                # raised exception is class 'homefinder.error'; it appears unavailable
                # on the Python layer
                raise AttributeError ('tool "%s" not present' % n)

for n in _Tools._builtinNames:
    setattr (_Tools, n, None) # ease autocompletion

tools = _Tools ()
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  Source code for pwkit.environments.casa.tasks

# -*- mode: python; coding: utf-8 -*-
# Copyright 2015 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.environments.casa.tasks - library of clones of CASA tasks

The way that the casapy code is written it's basically impossible to import
its tasks into a straight-Python environment (trust me, I've tried), so we're
more-or-less duplicating lots of CASA code. I try to provide saner semantics,
APIs, etc.

The goal is to make task-like functionality as a real Python library with no
side effects, so that we can actually script data processing. While we're at
it, we make them available on the command line.

"""

from __future__ import absolute_import, division, print_function, unicode_literals

import os.path, sys
import numpy as np

from . import util
from ... import binary_type, reraise_context, text_type, PKError
from ...cli import check_usage, wrong_usage, warn, die
from ...kwargv import ParseKeywords, Custom

# Keep the tasks alphabetized!

__all__ = (b'''
applycal applycal_cli ApplycalConfig
bpplot bpplot_cli BpplotConfig
clearcal clearcal_cli
concat concat_cli
delcal delcal_cli
delmod_cli
dftphotom_cli
extractbpflags extractbpflags_cli
flagmanager_cli
flaglist flaglist_cli FlaglistConfig
flagzeros flagzeros_cli FlagzerosConfig
fluxscale fluxscale_cli FluxscaleConfig
ft ft_cli FtConfig
gaincal gaincal_cli GaincalConfig
gencal gencal_cli GencalConfig
getopacities getopacities_cli
gpplot gpplot_cli GpplotConfig
image2fits image2fits_cli
importevla importevla_cli
listobs listobs_cli
mfsclean mfsclean_cli MfscleanConfig
mstransform mstransform_cli MstransformConfig
plotants plotants_cli
plotcal plotcal_cli PlotcalConfig
setjy setjy_cli SetjyConfig
split split_cli SplitConfig
spwglue_cli
uvsub uvsub_cli UvsubConfig
commandline
''').split ()


# Some utilities

from .util import sanitize_unicode as b

precal_doc = \
"""
*** Pre-applied calibrations:

gaintable=
  Comma-separated list of calibration tables to apply on-the-fly
  before solving

gainfield=
  SEMICOLON-separated list of field selections to apply for each gain table.
  If there are fewer items than there are gaintable items, the list is
  padded with blank items, implying no selection by field.

interp=
  COMMA-separated list of interpolation types to use for each gain
  table. If there are fewer items, the list is padded with 'linear'
  entries. Allowed values:
    nearest linear cubic spline

spwmap=
  SEMICOLON-separated list of spectral window mappings for each
  existing gain table; each record is a COMMA-separated list of
  integers. For the i'th spw in the dataset, spwmap[i] specifies
  the record in the gain table to use. For instance [0, 0, 1, 1]
  maps four spws in the UV data to just two spectral windows in
  the preexisting gain table.

opacity=
  Comma-separated list of opacities in nepers. One for each spw; if
  there are more spws than entries, the last entry is used for the
  remaining spws.

gaincurve=
  Whether to apply VLA-specific built in gain curve correction
  (default: false)

parang=
  Whether to apply parallactic angle rotation correction
  (default: false)
"""

stdsel_doc = \
"""
*** Standard data selection keywords:

antenna=
array=
correlation=
field=
intent=
observation=
scan=
spw=
taql=
timerange=
uvrange=
"""

loglevel_doc = \
"""
loglevel=
  Level of detail from CASA logging system. Default: warn; allowed:
    severe warn info info1 info2 info3 info4 info5 debug1 debug2 debugging
"""

def extractmsselect (cfg, havearray=False, havecorr=False, haveintent=True,
                     intenttoscanintent=False, taqltomsselect=True,
                     observationtoobs=False):
    # expects cfg to have:
    #  antenna [correlation] field intent observation scan spw taql timerange uvrange
    # fills a dict with:
    #  baseline [correlation] field intent (msselect|taql) observation scan spw time uvrange

    selkws = {}

    direct = 'field scan spw uvrange'.split ()
    indirect = 'antenna:baseline timerange:time'.split ()

    if havearray:
        indirect.append ('array:subarray')

    if havecorr:
        direct.append ('correlation')

    if haveintent:
        if intenttoscanintent:
            indirect.append ('intent:scanintent')
        else:
            direct.append ('intent')

    if observationtoobs:
        indirect.append ('observation:obs')
    else:
        direct.append ('observation')

    if taqltomsselect:
        indirect.append ('taql:msselect')
    else:
        direct.append ('taql')

    for k in direct:
        selkws[k] = getattr (cfg, k) or ''

    for p in indirect:
        ck, sk = p.split (':')
        selkws[sk] = getattr (cfg, ck) or ''

    return selkws


def applyonthefly (cb, cfg):
    # expects cfg to have:
    #   gaintable gainfield interp spwmap opacity gaincurve parang

    n = len (cfg.gaintable)

    # fill in missing values, taking care not to mutate cfg.

    gainfields = list (cfg.gainfield)
    interps = list (cfg.interp)
    spwmaps = list (cfg.spwmap)

    if len (gainfields) < n:
        gainfields += [''] * (n - len (gainfields))
    elif len (gainfields) > n:
        raise ValueError ('more "gainfield" entries than "gaintable" entries')

    if len (interps) < n:
        interps += ['linear'] * (n - len (interps))
    elif len (interps) > n:
        raise ValueError ('more "interp" entries than "gaintable" entries')

    if len (spwmaps) < n:
        spwmaps += [[-1]] * (n - len (spwmaps))
    elif len (spwmaps) > n:
        raise ValueError ('more "spwmap" entries than "gaintable" entries')

    for table, field, interp, spwmap in zip (cfg.gaintable, gainfields,
                                             interps, spwmaps):
        cb.setapply (table=b(table), field=b(field), interp=b(interp), spwmap=b(spwmap),
                     t=0., calwt=True)

    if len (cfg.opacity):
        cb.setapply (type=b'TOPAC', opacity=b(cfg.opacity), t=-1, calwt=True)

    if cfg.gaincurve:
        cb.setapply (type=b'GAINCURVE', t=-1, calwt=True)

    if cfg.parang:
        cb.setapply (type=b'P')


def makekwcli (doc, cfgclass, impl):
    def kwclifunc (argv):
        check_usage (doc, argv, usageifnoargs=True)
        cfg = cfgclass ().parse (argv[1:])
        util.logger (cfg.loglevel)
        impl (cfg)
    return kwclifunc


# applycal

applycal_doc = \
"""
casatask applycal vis=<MS> [keywords]

Fill in the CORRECTED_DATA column of a visibility dataset using
the raw data and a set of calibration tables.

vis=
  The MS to modify

calwt=
  Write out calibrated weights as well as calibrated visibilities.
  Default: false
""" + precal_doc + stdsel_doc + loglevel_doc


class ApplycalConfig (ParseKeywords):
    vis = Custom (str, required=True)
    calwt = False
    # skipping: flagbackup

    gaintable = [str]
    gainfield = Custom ([str], sep=';')
    interp = [str]
    @Custom ([str], sep=';')
    def spwmap (v):
        return [map (int, e.split (',')) for e in v]
    opacity = [float]
    gaincurve = False
    parang = False

    antenna = str
    field = str
    intent = str
    observation = str
    scan = str
    spw = str
    taql = str
    timerange = str
    uvrange = str

    applymode = 'calflag' # almost never want to change this

    loglevel = 'warn'


def applycal (cfg):
    cb = util.tools.calibrater ()
    cb.open (filename=b(cfg.vis), compress=False, addcorr=True, addmodel=False)

    selkws = extractmsselect (cfg)
    selkws['chanmode'] = 'none' # ?
    cb.selectvis (**b(selkws))

    applyonthefly (cb, cfg)

    cb.correct (b(cfg.applymode))
    cb.close ()


applycal_cli = makekwcli (applycal_doc, ApplycalConfig, applycal)


# bpplot
#
# plotcal() can do this, but it is slow, ugly, and has not-very-informative
# output. Yes, CASA is so crappy that I can even speed up bandpass plotting
# by an order of magnitude.

bpplot_doc = \
"""
casatask bpplot caltable= dest=

Plot a bandpass calibration table. Currently, the supported format is a series
of pages showing amplitude and phase against normalized channel number, with
each page showing a particular antenna and polarization. Polarizations are
always reported as "R" and "L" since the relevant information is not stored
within the bandpass data set.

caltable=MS
  The input calibration Measurement Set

dest=PATH
  If specified, plots are saved to this file -- the format is inferred
  from the extension, which must allow multiple pages to be saved. If
  unspecified, the plots are displayed using a Gtk3 backend.

dims=WIDTH,HEIGHT
  If saving to a file, the dimensions of a each page. These are in points
  for vector formats (PDF, PS) and pixels for bitmaps (PNG). Defaults to
  1000, 600.

margins=TOP,RIGHT,LEFT,BOTTOM
  If saving to a file, the plot margins in the same units as the dims.
  The default is 4 on every side.
""" + loglevel_doc


class BpplotConfig (ParseKeywords):
    caltable = Custom (str, required=True)
    dest = str
    dims = [1000, 600]
    margins = [4, 4, 4, 4]
    loglevel = 'warn'


def bpplot (cfg):
    import omega as om, omega.render
    from ... import numutil

    if isinstance (cfg.dest, omega.render.Pager):
        # This is for non-CLI invocation.
        pager = cfg.dest
    elif cfg.dest is None:
        import omega.gtk3
        pager = om.makeDisplayPager ()
    else:
        pager = om.makePager (cfg.dest,
                              dims=cfg.dims,
                              margins=cfg.margins,
                              style=om.styles.ColorOnWhiteVector ())

    tb = util.tools.table ()

    tb.open (binary_type (cfg.caltable), nomodify=True)
    spws = tb.getcol (b'SPECTRAL_WINDOW_ID')
    ants = tb.getcol (b'ANTENNA1')
    vals = tb.getcol (b'CPARAM')
    flags = tb.getcol (b'FLAG')
    tb.close ()

    tb.open (binary_type (os.path.join (cfg.caltable, 'ANTENNA')), nomodify=True)
    names = tb.getcol (b'NAME')
    tb.close ()

    npol, nchan, nsoln = vals.shape

    # see what we've got

    antpols = {}
    seenspws = set ()

    for ipol in xrange (npol):
        for isoln in xrange (nsoln):
            if not flags[ipol,:,isoln].all ():
                k = (ants[isoln], ipol)
                byspw = antpols.get (k)
                if byspw is None:
                    antpols[k] = byspw = []

                byspw.append ((spws[isoln], isoln))
                seenspws.add (spws[isoln])

    seenspws = sorted (seenspws)
    spw_to_offset = dict ((spwid, spwofs * nchan)
                          for spwofs, spwid in enumerate (seenspws))

    # normalize phases to avoid distracting wraps

    for iant, ipol in sorted (antpols.iterkeys ()):
        for ispw, isoln in antpols[iant,ipol]:
            f = flags[ipol,:,isoln]
            meanph = np.angle (vals[ipol,~f,isoln].mean ())
            vals[ipol,:,isoln] *= np.exp (-1j * meanph)

    # find plot limits

    okvals = vals[np.where (~flags)]

    max_am = np.abs (okvals).max ()
    min_am = np.abs (okvals).min ()
    span = max_am - min_am
    max_am += 0.05 * span
    min_am -= 0.05 * span

    max_ph = np.angle (okvals, deg=True).max ()
    min_ph = np.angle (okvals, deg=True).min ()
    span = max_ph - min_ph
    max_ph += 0.05 * span
    min_ph -= 0.05 * span
    if max_ph > 160:
        max_ph = 180
    if min_ph < -160:
        min_ph = -180

    polnames = 'RL' # XXX: identification doesn't seem to be stored in cal table

    # plot away

    for iant, ipol in sorted (antpols.iterkeys ()):
        p_am = om.RectPlot ()
        p_ph = om.RectPlot ()

        for ispw, isoln in antpols[iant,ipol]:
            f = flags[ipol,:,isoln]
            a = np.abs (vals[ipol,:,isoln])
            p = np.angle (vals[ipol,:,isoln], deg=True)
            w = np.where (~f)[0]

            for s in numutil.slice_around_gaps (w, 1):
                wsub = w[s]
                if wsub.size == 0:
                    continue # Should never happen, but eh.
                else:
                    # It'd also be pretty weird to have a spectral window
                    # containing just one (valid) channel, but it could
                    # happen.
                    lines = (wsub.size > 1)

                p_am.addXY (wsub + spw_to_offset[ispw], a[wsub], None,
                            lines=lines, dsn=ispw)
                p_ph.addXY (wsub + spw_to_offset[ispw], p[wsub], None,
                            lines=lines, dsn=ispw)

        p_am.setBounds (xmin=0,
                        xmax=len (seenspws) * nchan,
                        ymin=min_am,
                        ymax=max_am)
        p_ph.setBounds (xmin=0,
                        xmax=len (seenspws) * nchan,
                        ymin=min_ph,
                        ymax=max_ph)
        p_am.addKeyItem ('%s %s' % (names[iant], polnames[ipol]))

        p_am.bpainter.paintLabels = False
        p_am.setYLabel ('Amplitude')
        p_ph.setLabels ('Normalized channel', 'De-meaned Phase (deg)')

        vb = om.layout.VBox (2)
        vb[0] = p_am
        vb[1] = p_ph
        vb.setWeight (0, 2.5)
        pager.send (vb)

bpplot_cli = makekwcli (bpplot_doc, BpplotConfig, bpplot)


# clearcal

clearcal_doc = \
"""
casatask clearcal [-w] <vis1> [more vises...]

Fill the imaging and calibration columns (MODEL_DATA, CORRECTED_DATA,
IMAGING_WEIGHT) of each measurement set with default values, creating
the columns if necessary.

If you want to reset calibration models, these days you probably want
delmod. If you want to quickly make the columns go away, you probably
want delcal.

-w - only create and fill the IMAGING_WEIGHT column
"""

clearcal_imaging_col_tmpl = {'_c_order': True,
                             'comment': '',
                             'dataManagerGroup': '',
                             'dataManagerType': '',
                             'keywords': {},
                             'maxlen': 0,
                             'ndim': 1,
                             'option': 0,
                             'shape': None,
                             'valueType': 'float'}
clearcal_imaging_dminfo_tmpl = {'TYPE': 'TiledShapeStMan',
                                'SPEC': {'DEFAULTTILESHAPE': [32, 128]},
                                'NAME': 'imagingweight'}

def clearcal (vis, weightonly=False):
    tb = util.tools.table ()
    cb = util.tools.calibrater ()

    # cb.open() will create the tables if they're not present, so
    # if that's the case, we don't actually need to run initcalset()

    tb.open (b(vis), nomodify=False)
    colnames = tb.colnames ()
    needinit = ('MODEL_DATA' in colnames) or ('CORRECTED_DATA' in colnames)
    if 'IMAGING_WEIGHT' not in colnames:
        c = dict (clearcal_imaging_col_tmpl)
        c['shape'] = tb.getcell (b'DATA', 0).shape[-1:]
        tb.addcols ({b'IMAGING_WEIGHT': c}, clearcal_imaging_dminfo_tmpl)
    tb.close ()

    if not weightonly:
        cb.open (b(vis))
        if needinit:
            cb.initcalset ()
        cb.close ()


def clearcal_cli (argv):
    check_usage (clearcal_doc, argv, usageifnoargs=True)

    argv = list (argv)
    weightonly = '-w' in argv
    if weightonly:
        sys.argv.remove ('-w')

    if len (argv) < 2:
        wrong_usage (clearcal_doc, 'need at least one argument')

    util.logger ()
    for vis in argv[1:]:
        clearcal (b(vis), weightonly=weightonly)


# concat

concat_doc = \
"""
casatask concat [-s] <input vises ...> <output vis>

Concatenate the visibility measurement sets.

-s - sort the output in time
"""

concat_freqtol = 1e-5
concat_dirtol = 1e-5

def concat (invises, outvis, timesort=False):
    tb = util.tools.table ()
    ms = util.tools.ms ()

    if os.path.exists (outvis):
        raise RuntimeError ('output "%s" already exists' % outvis)

    for invis in invises:
        if not os.path.isdir (invis):
            raise RuntimeError ('input "%s" does not exist' % invis)

    tb.open (b(invises[0]))
    tb.copy (b(outvis), deep=True, valuecopy=True)
    tb.close ()

    ms.open (b(outvis), nomodify=False)

    for invis in invises[1:]:
        ms.concatenate (msfile=b(invis), freqtol=b(concat_freqtol),
                        dirtol=b(concat_dirtol))

    ms.writehistory (message=b'taskname=tasklib.concat', origin=b'tasklib.concat')
    ms.writehistory (message=b('vis = ' + ', '.join (invises)), origin=b'tasklib.concat')
    ms.writehistory (message=b('timesort = ' + 'FT'[int (timesort)]), origin=b'tasklib.concat')

    if timesort:
        ms.timesort ()

    ms.close ()


def concat_cli (argv):
    check_usage (concat_doc, argv, usageifnoargs=True)

    argv = list (argv)
    timesort = '-s' in argv
    if timesort:
        sys.argv.remove ('-s')

    if len (argv) < 3:
        wrong_usage (concat_doc, 'need at least two arguments')

    util.logger ()
    concat (argv[1:-1], argv[-1], timesort)


# delcal
#
# Not a CASA task. Delmod on steroids, at least when delmod
# is operating on scratch columns and not OTF models.

delcal_doc = \
"""
casatask delcal <ms> [mses...]

Delete the MODEL_DATA and CORRECTED_DATA columns from MSes.
"""


def delcal (mspath):
    wantremove = 'MODEL_DATA CORRECTED_DATA'.split ()
    tb = util.tools.table ()
    tb.open (b(mspath), nomodify=False)
    cols = frozenset (tb.colnames ())
    toremove = [b(c) for c in wantremove if c in cols]
    if len (toremove):
        tb.removecols (toremove)
    tb.close ()
    return toremove


def delcal_cli (argv):
    check_usage (delcal_doc, argv, usageifnoargs=True)
    util.logger ()

    for mspath in argv[1:]:
        removed = delcal (mspath)
        if len (removed):
            print ('%s: removed %s' % (mspath, ', '.join (removed)))
        else:
            print ('%s: nothing to remove' % mspath)


# delmod

delmod_doc = \
"""
casatask delmod <MS...>

Delete the "on-the-fly" model information from the specified
Measurement Set(s).

If you want to delete the scratch columns, use delcal. If you
want to clear the scratch columns, use clearcal. I'm torn
between wanting better terminology and not wanting to be
gratuitously different from CASA.
"""

def delmod_cli (argv, alter_logger=True):
    check_usage (delmod_doc, argv, usageifnoargs=True)
    if alter_logger:
        util.logger ()

    cb = util.tools.calibrater ()

    for mspath in argv[1:]:
        cb.open (b(mspath), addcorr=False, addmodel=False)
        cb.delmod (otf=True, scr=False)
        cb.close ()


# dftphotom
#
# Shim for a separate module

def dftphotom_cli (argv):
    from .dftphotom import dftphotom_cli
    dftphotom_cli (argv)


# extractbpflags
#
# Not a CASA task, but I've found this to be very useful.

extractbpflags_doc = \
"""
When CASA encounters flagged channels in bandpass calibration tables, it
interpolates over them as best it can -- even if interp='<any>,nearest'. This
means that if certain channels are unflagged in some target data but entirely
flagged in your BP cal, they'll get multiplied by some number that may or may
not be reasonable, not flagged. This is scary if, for instance, you're using
an automated system to find RFI, or you flag edge channels in some uneven way.

This script writes out a list of flagging commands corresponding to the
flagged channels in the bandpass table to ensure that the data without
bandpass solutions are flagged.

Note that, because we can't select by antpol, we can't express a situation in
which the R and L bandpass solutions have different flags. But in CASA the
flags seem to always be the same.

We're assuming that the channelization of the bandpass solution and the data
are the same.
"""

def extractbpflags (calpath, deststream):
    tb = util.tools.table ()
    tb.open (b(os.path.join (calpath, 'ANTENNA')))
    antnames = tb.getcol (b'NAME')
    tb.close ()

    tb.open (b(calpath))
    try:
        t = tb.getkeyword (b'VisCal')
    except RuntimeError:
        raise PKError ('no "VisCal" keyword in %s; it doesn\'t seem to be a '
                       'bandpass calibration table', calpath)

    if t != 'B Jones':
        raise PKError ('table %s doesn\'t seem to be a bandpass calibration '
                       'table; its type is "%s"', calpath, t)

    def emit (antidx, spwidx, chanstart, chanend):
        # Channel ranges are inclusive, unlike Python syntax.
        print ("antenna='%s&*' spw='%d:%d~%d' reason='BANDPASS_FLAGGED'" % \
               (antnames[antidx], spwidx, chanstart, chanend), file=deststream)

    for row in xrange (tb.nrows ()):
        ant = tb.getcell (b'ANTENNA1', row)
        spw = tb.getcell (b'SPECTRAL_WINDOW_ID', row)
        flag = tb.getcell (b'FLAG', row)

        # This is the logical 'or' of the two polarizations: i.e., anything that
        # is flagged in either poln is flagged in this.
        sqflag = ~((~flag).prod (axis=0, dtype=np.bool))

        runstart = None

        for i in xrange (sqflag.size):
            if sqflag[i]:
                # This channel is flagged. Start a run if not already in one.
                if runstart is None:
                    runstart = i
            elif runstart is not None:
                # The current run just ended.
                emit (ant, spw, runstart, i - 1)
                runstart = None

        if runstart is not None:
            emit (ant, spw, runstart, i)

    tb.close ()


def extractbpflags_cli (argv):
    check_usage (extractbpflags_doc, argv, usageifnoargs='long')

    if len (argv) != 2:
        wrong_usage (extractbpflags_doc, 'expect one MS name as an argument')

    extractbpflags (argv[1], sys.stdout)


# flagmanager. Not really complicated enough to make it worth making a
# modular implementation to be driven from the CLI.

flagmanager_doc = \
"""
casatask flagmanager list <ms>
casatask flagmanager save <ms> <name>
casatask flagmanager restore <ms> <name>
casatask flagmanager delete <ms> <name>
"""

def flagmanager_cli (argv, alter_logger=True):
    check_usage (flagmanager_doc, argv, usageifnoargs=True)

    if len (argv) < 3:
        wrong_usage (flagmanager_doc, 'expect at least a mode and an MS name')

    mode = argv[1]
    ms = argv[2]

    if alter_logger:
        if mode == 'list':
            util.logger ('info')
        elif mode == 'delete':
            # it WARNs 'deleting version xxx' ... yargh
            util.logger ('severe')
        else:
            util.logger ()

    try:
        factory = util.tools.agentflagger
    except AttributeError:
        factory = util.tools.testflagger

    af = factory ()
    af.open (b(ms))

    if mode == 'list':
        if len (argv) != 3:
            wrong_usage (flagmanager_doc, 'expect exactly one argument in list mode')
        af.getflagversionlist ()
    elif mode == 'save':
        if len (argv) != 4:
            wrong_usage (flagmanager_doc, 'expect exactly two arguments in save mode')
        from time import strftime
        name = argv[3]
        af.saveflagversion (versionname=b(name), merge=b'replace',
                            comment=b('created %s (casatask flagmanager)'
                                      % strftime ('%Y-%m-%dT%H:%M:%SZ')))
    elif mode == 'restore':
        if len (argv) != 4:
            wrong_usage (flagmanager_doc, 'expect exactly two arguments in restore mode')
        name = argv[3]
        af.restoreflagversion (versionname=b(name), merge=b'replace')
    elif mode == 'delete':
        if len (argv) != 4:
            wrong_usage (flagmanager_doc, 'expect exactly two arguments in delete mode')
        name = argv[3]

        if not os.path.isdir (os.path.join (ms + '.flagversions', 'flags.' + name)):
            # This condition only results in a WARN from deleteflagversion ()!
            raise RuntimeError ('version "%s" doesn\'t exist in "%s.flagversions"'
                                % (name, ms))

        af.deleteflagversion (versionname=b(name))
    else:
        wrong_usage (flagmanager_doc, 'unknown flagmanager mode "%s"' % mode)

    af.done ()


# flaglist. Not quite a CASA task; something like
# flagcmd (vis=, inpmode='list', inpfile=, flagbackup=False)
#
# We have to reproduce a lot of the dumb logic from the flaghelper.py module
# because we can't import it because it drags in the whole casapy pile of
# stuff.

flaglist_doc = \
"""
casatask flaglist vis= inpfile= [datacol=]

Flag data using a list of flagging commands stored in a text file. This
is approximately equivalent to 'flagcmd(vis=, inpfile=, inpmode='list',
flagbackup=False)'.

This implementation must emulate the CASA modules that load up the
flagging commands and may not be precisely compatible with the CASA
version.
"""

class FlaglistConfig (ParseKeywords):
    vis = Custom (str, required=True)
    inpfile = Custom (str, required=True)
    datacol = 'data'
    loglevel = 'warn'


def flaglist (cfg):
    from ast import literal_eval

    try:
        factory = util.tools.agentflagger
    except AttributeError:
        factory = util.tools.testflagger

    af = factory ()
    af.open (b(cfg.vis), 0.0)
    af.selectdata ()

    for row, origline in enumerate (open (cfg.inpfile)):
        origline = origline.rstrip ()
        if not len (origline):
            continue
        if origline[0] == '#':
            continue

        # emulating flaghelper.py here and elsewhere ...
        bits = origline.replace ('true', 'True').replace ('false', 'False').split (' ')
        params = {}
        lastkey = None

        for bit in bits:
            subbits = bit.split ('=', 1)

            if len (subbits) == 1:
                assert lastkey is not None, 'illegal flag list syntax'
                params[lastkey] += ' ' + bit
            else:
                params[subbits[0]] = subbits[1]
                lastkey = subbits[0]

        assert 'ntime' not in params, 'cannot handle "ntime" flag key'

        for key in params.keys ():
            val = params[key]

            try:
                val = literal_eval (val)
            except ValueError:
                val = val.strip ('\'"')

            params[key] = val

        params['name'] = 'agent_%d' % row
        params['datacolumn'] = cfg.datacol.upper ()
        params['apply'] = True

        params.setdefault ('mode', 'manual')

        if not af.parseagentparameters (b(params)):
            raise Exception ('cannot parse flag line: %s' % origline)

    af.init ()
    # A summary report would be nice. run() should return
    # info but I can't get it to do so. (I'm just trying to
    # copy the task_flagdata.py implementation.)
    af.run (True, True)
    af.done ()


flaglist_cli = makekwcli (flaglist_doc, FlaglistConfig, flaglist)


# flagzeros. Not quite a CASA task; something like
# flagdata (vis=, mode='clip', clipzeros=True, flagbackup=False)

flagzeros_doc = \
"""
casatask flagzeros vis= [datacol=]

Flag zero data points in the specified data column.
"""

class FlagzerosConfig (ParseKeywords):
    vis = Custom (str, required=True)
    datacol = 'data'
    loglevel = 'warn'


def flagzeros (cfg):
    try:
        factory = util.tools.agentflagger
    except AttributeError:
        factory = util.tools.testflagger

    af = factory ()
    af.open (b(cfg.vis), 0.0)
    af.selectdata ()
    pars = dict (datacolumn=cfg.datacol.upper (),
                 clipzeros=True, name='CLIP', mode='clip',
                 apply=True)
    af.parseagentparameters (pars)
    af.init ()
    # A summary report would be nice. run() should return
    # info but I can't get it to do so. (I'm just trying to
    # copy the task_flagdata.py implementation.)
    af.run (True, True)
    af.done ()


flagzeros_cli = makekwcli (flagzeros_doc, FlagzerosConfig, flagzeros)


# fluxscale

fluxscale_doc = \
"""
casatask fluxscale vis=<MS> caltable=<MS> fluxtable=<new MS> reference=<fields> transfer=<fields> [keywords]

Write a new calibation table determining the fluxes for intermediate calibrators
from known reference sources

vis=
  The visibility dataset. (Shouldn't be needed, but ...)

caltable=
  The preexisting calibration table with gains associated with more than one source.

fluxtable=
  The path of a new calibration table to create

reference=
  Comma-separated names of sources whose model fluxes are assumed to be well-known.

transfer=
  Comma-separated names of sources whose fluxes should be computed from the gains.

listfile=
  If specified, write out flux information to this path.

append=
  Boolean, default false. If true, append to existing cal table rather than
  overwriting.

refspwmap=
  Comma-separated list of integers. If gains are only available for some spws,
  map from the data to the gains. For instance, refspwmap=1,1,3,3 means that spw 0
  will have its flux calculated using the gains for spw 1.
""" + loglevel_doc

# Not supported in CASA 3.4:
#incremental=
#  Boolean, default false. If true, create an "incremental" table where the amplitudes
#  are correction factors, not absolute gains. (I.e., for the reference sources,
#  the amplitudes will be unity.)


class FluxscaleConfig (ParseKeywords):
    vis = Custom (str, required=True)
    caltable = Custom (str, required=True)
    fluxtable = Custom (str, required=True)
    reference = Custom ([str], required=True)
    transfer = Custom ([str], required=True)

    listfile = str
    append = False
    refspwmap = [int]
    #incremental = False

    loglevel = 'warn'


def fluxscale (cfg):
    cb = util.tools.calibrater ()

    reference = cfg.reference
    if isinstance (reference, (list, tuple)):
        reference = ','.join (reference)

    transfer = cfg.transfer
    if isinstance (transfer, (list, tuple)):
        transfer = ','.join (transfer)

    refspwmap = cfg.refspwmap
    if not len (refspwmap):
        refspwmap = [-1]

    cb.open (b(cfg.vis), compress=False, addcorr=False, addmodel=False)
    result = cb.fluxscale (tablein=b(cfg.caltable), tableout=b(cfg.fluxtable),
                           reference=b(reference), transfer=b(transfer),
                           listfile=b(cfg.listfile or ''),
                           append=cfg.append, refspwmap=b(refspwmap))
                           #incremental=cfg.incremental)
    cb.close ()
    return result


fluxscale_cli = makekwcli (fluxscale_doc, FluxscaleConfig, fluxscale)


# ft
#
# We derive 'nterms' from len(model), and always derive reffreq
# from the model images. These seem like safe constraints?

ft_doc = \
"""
casatask ft vis=<MS> [keywords]

Fill in (or update) the MODEL_DATA column of a Measurement Set with
visibilities computed from an image or list of components.

vis=
  The path to the measurement set

model=
  Comma-separated list of model images, each giving successive
  Taylor terms of a spectral model for each source. (It's fine
  to have just one model, and this will do what you want.) The
  reference frequency for the Taylor expansion is taken from
  the first image.

complist=
  Path to a CASA ComponentList Measurement Set to use in the modeling.
  I don't know what happens if you specify both this and "model".
  They might both get applied?

incremental=
  Bool, default false, meaning that the MODEL_DATA column will be
  replaced with the new values computed here. If true, the new values
  are added to whatever's already in MODEL_DATA.

wprojplanes=
  Optional integer. If provided, W-projection will be used in the computation
  of the model visibilities, using the specified number of planes. Note that
  this *does* make a difference even now that this task only embeds information
  in a MS to enable later on-the-fly computation of the UV model.

usescratch=
  Foo.
""" + stdsel_doc + loglevel_doc


class FtConfig (ParseKeywords):
    vis = Custom (str, required=True)
    model = [str]
    complist = str
    incremental = False
    wprojplanes = int
    usescratch = False

    antenna = str
    field = str
    observation = str
    scan = str
    spw = str
    taql = str
    timerange = str
    uvrange = str

    loglevel = 'warn'


def ft (cfg):
    im = util.tools.imager ()

    im.open (b(cfg.vis), usescratch=cfg.usescratch)
    im.selectvis (**b(extractmsselect (cfg, haveintent=False,
                                       taqltomsselect=False)))
    nmodel = len (cfg.model)

    if nmodel > 1:
        ia = util.tools.image ()
        ia.open (b(cfg.model[0]))
        # This gives Hz:
        reffreq = ia.coordsys ().referencevalue (type=b'spectral')['numeric'][0]
        ia.close ()
        im.settaylorterms (ntaylorterms=nmodel, reffreq=reffreq)

    if cfg.wprojplanes is not None:
        im.defineimage ()
        im.setoptions (ftmachine=b'wproject', wprojplanes=cfg.wprojplanes)

    im.ft (model=b(cfg.model),
           complist=b(cfg.complist or ''),
           incremental=cfg.incremental)
    im.close ()


ft_cli = makekwcli (ft_doc, FtConfig, ft)


# gaincal
#
# I've folded in the bandpass functionality since there's
# so much overlap. Some limitations that this leads to:
#
# - bandpass solint has a frequency component that we don't support
# - bandpass combine defaults to 'scan'

gaincal_doc = \
"""
casatask gaincal vis=<MS> caltable=<TBL> [keywords]

Compute calibration parameters from data. Encompasses the functionality
of CASA tasks 'gaincal' *and* 'bandpass'.

vis=
  Input dataset

caltable=
  Output calibration table (can exist if append=True)

gaintype=
  Kind of gain solution:
    G       - gains per poln and spw (default)
    T       - like G, but one value for all polns
    GSPLINE - like G, with a spline fit. "Experimental"
    B       - bandpass
    BPOLY   - bandpass with polynomial fit. "Somewhat experimental"
    K       - antenna-based delays
    KCROSS  - global cross-hand delay ; use parang=True
    D       - solve for instrumental leakage
    Df      - above with per-channel leakage terms
    D+QU    - solve for leakage and apparent source polarization
    Df+QU   - above with per-channel leakage terms
    X       - solve for absolute position angle phase term
    Xf      - above with per-channel phase terms
    D+X     - D and X. "Not normally done"
    Df+X    - Df and X. Presumably also not normally done.
    XY+QU   - ?
    XYf+QU  - ?

calmode=
  What parameters to solve for: amplitude ("a"), phase ("p"), or both
  ("ap"). Default is "ap". Not used in bandpass solutions.

solint=
  Solution interval; this is an upper bound, but solutions
  will be broken across certain boundaries according to "combine".
  'inf'    - solutions as long as possible (the default)
  'int'    - one solution per integration
  (str)    - a specific time with units (e.g. '5min')
  (number) - a specific time in seconds

combine=
  Comma-separated list of boundary types; solutions will NOT be
  broken across these boundaries. Types are:
    field scan spw

refant=
  Comma-separated list of reference antennas in decreasing
  priority order.

solnorm=
  Normalize solution amplitudes to 1 after solving (only applies
  to gaintypes G, T, B). Also normalizes bandpass phases to zero
  when solving for bandpasses. Default: false.

append=
  Whether to append solutions to an existing table. If the table
  exists and append=False, the table is overwritten! (Default: false)
""" + precal_doc + """
*** Low-level parameters:

minblperant=
  Number of baselines for each ant in order to solve (default: 4)

minsnr=
  Min. SNR for acceptable solutions (default: 3.0)

preavg=
  Interval for pre-averaging data within each solution interval,
  in seconds. Default is -1, meaning not to pre-average.
""" + stdsel_doc + loglevel_doc


class GaincalConfig (ParseKeywords):
    vis = Custom (str, required=True)
    caltable = Custom (str, required=True)
    gaintype = 'G'
    calmode = 'ap'

    solint = 'inf'
    combine = [str]
    refant = [str]
    solnorm = False
    append = False
    minblperant = 4
    minsnr = 3.0
    preavg = -1.0

    gaintable = [str]
    gainfield = Custom ([str], sep=';')
    interp = [str]
    opacity = [float]
    gaincurve = False
    parang = False

    @Custom ([str], sep=';')
    def spwmap (v):
        return [map (int, e.split (',')) for e in v]

    # gaincal keywords: splinetime npointaver phasewrap smodel
    # bandpass keywords: fillgaps degamp degphase visnorm maskcenter
    #   maskedge

    antenna = str
    field = str
    intent = str
    observation = str
    scan = str
    spw = str
    taql = str # msselect
    timerange = str
    uvrange = str

    loglevel = 'warn' # teeny hack for CLI


def gaincal (cfg):
    cb = util.tools.calibrater ()
    cb.open (filename=b(cfg.vis), compress=False, addcorr=False, addmodel=False)

    selkws = extractmsselect (cfg)
    selkws['chanmode'] = 'none' # ?
    cb.selectvis (**b(selkws))

    applyonthefly (cb, cfg)

    # Solve

    solkws = {}

    for k in 'append preavg minblperant minsnr solnorm'.split ():
        solkws[k] = getattr (cfg, k)

    for p in 'caltable:table calmode:apmode'.split ():
        ck, sk = p.split (':')
        solkws[sk] = getattr (cfg, ck)

    if isinstance (cfg.solint, (int, float)):
        solkws['t'] = '%fs' % cfg.solint # sugar
    else:
        solkws['t'] = str (cfg.solint)

    if isinstance (cfg.refant, basestring):
        solkws['refant'] = cfg.refant
    else:
        solkws['refant'] = ','.join (cfg.refant)

    solkws['combine'] = ','.join (cfg.combine)
    solkws['phaseonly'] = False
    solkws['type'] = cfg.gaintype.upper ()

    if solkws['type'] == 'GSPLINE':
        cb.setsolvegainspline (**b(solkws))
    elif solkws['type'] == 'BPOLY':
        cb.setsolvebandpoly (**b(solkws))
    else:
        cb.setsolve (**b(solkws))

    cb.solve ()
    cb.close ()


gaincal_cli = makekwcli (gaincal_doc, GaincalConfig, gaincal)


# gencal

gencal_doc = \
"""
casatask gencal vis=<MS> caltable=<TBL> caltype=<TYPE> [keywords...]

Generate certain calibration tables that don't need to be solved for from
the actual data.

vis=
  Input dataset

caltable=
  Output calibration table (appended to if preexisting)

caltype=
  The kind of table to generate:
  amp       - generic amplitude correction; needs parameter(s)
  ph        - generic phase correction; needs parameter(s)
  sbd       - single-band delay: phase slope for each SPW; needs parameter(s)
  mbd       - multi-band delay: phase slope for all SPWs; needs parameter(s)
  antpos    - antenna position corrections in ITRF; what you want; accepts parameter(s)
  antposvla - antenna position corrections in VLA frame; not what you want; accepts parameter(s)
  tsys      - tsys from ALMA syscal table
  swpow     - EVLA switched-power and requantizer gains ("experimental")
  opac      - tropospheric opacity; needs parameter
  gc        - (E)VLA elevation-dependent gain curve
  eff       - (E)VLA antenna efficiency correction
  gceff     - combination of "gc" and "eff"
  rq        - EVLA requantizer gains; not what you want
  swp/rq    - EVLA switched-power gains divided by "rq"; not what you want

parameter=
  Custom parameters for various caltypes. Dimensionality depends on selections applied.
  amp       - gain; dimensionless
  ph        - phase; degrees
  sbd       - delay; nanosec
  mbd       - delay; nanosec
  antpos    - position offsets; ITRF meters (or look up automatically for EVLA if unspecified)
  antposvla - position offsets; meters in VLA reference frame
  opac      - opacity; dimensionless (nepers?)

antenna=
pol=
spw=
  Selection keywords governing which solutions to generate and controlling shape
  of "parameter" keyword.
""" + loglevel_doc


class GencalConfig (ParseKeywords):
    vis = Custom (str, required=True)
    caltable = Custom (str, required=True)
    caltype = Custom (str, required=True)
    parameter = [float]

    antenna = str
    pol = str
    spw = str

    loglevel = 'warn'


def gencal (cfg):
    cb = util.tools.calibrater ()
    cb.open (filename=b(cfg.vis), compress=False, addcorr=False, addmodel=False)

    antenna = cfg.antenna or ''
    parameter = cfg.parameter

    if cfg.caltype == 'antpos' and cfg.antenna is None:
        # There's a Python module in casapy that implements this; I don't want
        # to shadow it entirely ...
        import cPickle as pickle
        from .scripting import CasapyScript

        script = os.path.join (os.path.dirname (__file__), 'cscript_genantpos.py')

        with CasapyScript (script, vis=cfg.vis) as cs:
            try:
                with open (os.path.join (cs.workdir, 'info.pkl'), 'rb') as f:
                    antenna = pickle.load (f)
                    parameter = pickle.load (f)
            except Exception:
                reraise_context ('interal casapy script seemingly failed; no info.pkl')

    cb.specifycal (caltable=b(cfg.caltable), time=b'', spw=b(cfg.spw or ''),
                   antenna=b(antenna), pol=b(cfg.pol or ''), caltype=b(cfg.caltype),
                   parameter=b(parameter))
    cb.close ()


gencal_cli = makekwcli (gencal_doc, GencalConfig, gencal)


# getopacities
#
# This is a casapy script.

getopacities_doc = \
"""
casatask getopacities <MS> <plotdest> [spwwidth1,spwwidth2]

Calculate atmospheric opacities in the MS's spectral windows from its weather
data. Output the opacities and save a plot of the weather conditions. Optionally
output opacities averaged over spectral windows; for instance, in a standard
VLA wideband setup, in which the data come in 16 spectral windows,

  casatask getopacities unglued.ms weather.png 8,8

will print 2 values, averaged over 8 spectral windows each.
"""

def getopacities (ms, plotdest):
    import cPickle as pickle
    from .scripting import CasapyScript

    script = os.path.join (os.path.dirname (__file__), 'cscript_getopacities.py')

    with CasapyScript (script, ms=ms, plotdest=plotdest) as cs:
        try:
            with open (os.path.join (cs.workdir, 'opac.npy'), 'rb') as f:
                opac = pickle.load (f)
        except Exception:
            reraise_context ('interal casapy script seemingly failed; no opac.npy')

    return opac


def getopacities_cli (argv):
    check_usage (getopacities_doc, argv, usageifnoargs=True)

    if len (argv) not in (3, 4):
        wrong_usage (getopacities_doc, 'expected 2 or 3 arguments')

    opac = getopacities (argv[1], argv[2])

    if len (argv) > 3:
        spwwidths = [int (x) for x in argv[3].split (',')]
        averaged = []
        idx = 0

        for width in spwwidths:
            averaged.append (opac[idx:idx+width].mean ())
            idx += width

        opac = averaged

    print ('opacity = [%s]' % (', '.join ('%.5f' % q for q in opac)))


# gpplot
#
# See bpplot() -- CASA plotcal can do this in a certain sense, but it's slow
# and ugly.

gpplot_doc = \
"""
casatask gpplot caltable= dest=

Plot a gain calibration table. Currently, the supported format is a series of
pages showing amplitude and phase against time, with each page showing a
particular antenna and polarization. Polarizations are always reported as "R"
and "L" since the relevant information is not stored within the bandpass data
set.

caltable=MS
  The input calibration Measurement Set

dest=PATH
  If specified, plots are saved to this file -- the format is inferred
  from the extension, which must allow multiple pages to be saved. If
  unspecified, the plots are displayed using a Gtk3 backend.

dims=WIDTH,HEIGHT
  If saving to a file, the dimensions of a each page. These are in points
  for vector formats (PDF, PS) and pixels for bitmaps (PNG). Defaults to
  1000, 600.

margins=TOP,RIGHT,LEFT,BOTTOM
  If saving to a file, the plot margins in the same units as the dims.
  The default is 4 on every side.
""" + loglevel_doc


class GpplotConfig (ParseKeywords):
    caltable = Custom (str, required=True)
    dest = str
    dims = [1000, 600]
    margins = [4, 4, 4, 4]
    loglevel = 'warn'


def gpplot (cfg):
    import omega as om, omega.render
    from ... import numutil

    if isinstance (cfg.dest, omega.render.Pager):
        # This is for non-CLI invocation.
        pager = cfg.dest
    elif cfg.dest is None:
        import omega.gtk3
        pager = om.makeDisplayPager ()
    else:
        pager = om.makePager (cfg.dest,
                              dims=cfg.dims,
                              margins=cfg.margins,
                              style=om.styles.ColorOnWhiteVector ())

    tb = util.tools.table ()

    tb.open (binary_type (cfg.caltable), nomodify=True)
    fields = tb.getcol (b'FIELD_ID')
    spws = tb.getcol (b'SPECTRAL_WINDOW_ID')
    ants = tb.getcol (b'ANTENNA1')
    vals = tb.getcol (b'CPARAM')
    flags = tb.getcol (b'FLAG')
    times = tb.getcol (b'TIME')
    tb.close ()

    tb.open (binary_type (os.path.join (cfg.caltable, 'ANTENNA')), nomodify=True)
    names = tb.getcol (b'NAME')
    tb.close ()

    npol, unused, nsoln = vals.shape
    assert unused == 1, 'unexpected gain table structure!'
    vals = vals[:,0,:]
    flags = flags[:,0,:]

    # see what we've got

    def seen_values (data):
        return [idx for idx, count in enumerate (np.bincount (data)) if count]

    any_ok = ~(np.all (flags, axis=0)) # mask for solns where at least one pol is unflagged
    seenfields = seen_values (fields[any_ok])
    seenspws = seen_values (spws[any_ok])
    seenants = seen_values (ants[any_ok])

    field_offsets = dict ((fieldid, idx) for idx, fieldid in enumerate (seenfields))
    spw_offsets = dict ((spwid, idx) for idx, spwid in enumerate (seenspws))

    # normalize phases to avoid distracting wraps

    for iant in seenants:
        for ipol in xrange (npol):
            filter = (ants == iant) & ~flags[ipol]

            for ispw in seenspws:
                sfilter = filter & (spws == ispw)
                if not sfilter.any ():
                    continue

                meanph = np.angle (vals[ipol,sfilter].mean ())
                vals[ipol,sfilter] *= np.exp (-1j * meanph)

    # find plot limits

    times /= 86400. # convert to MJD
    min_time = times[any_ok].min ()
    max_time = times[any_ok].max ()
    mjdref = int (np.floor (min_time))
    times -= mjdref # convert to delta-MJD
    min_time = (min_time - mjdref)
    max_time = (max_time - mjdref)
    span = max_time - min_time
    max_time += 0.05 * span
    min_time -= 0.05 * span

    okvals = vals[np.where (~flags)]
    max_am = np.abs (okvals).max ()
    min_am = np.abs (okvals).min ()
    span = max_am - min_am
    max_am += 0.05 * span
    min_am -= 0.05 * span

    max_ph = np.angle (okvals, deg=True).max ()
    min_ph = np.angle (okvals, deg=True).min ()
    span = max_ph - min_ph
    max_ph += 0.05 * span
    min_ph -= 0.05 * span
    if max_ph > 160:
        max_ph = 180
    if min_ph < -160:
        min_ph = -180

    polnames = 'RL' # XXX: identification doesn't seem to be stored in cal table
    maxtimegap = 10. / 1440 # 10 minutes, in units of days

    for iant in seenants:
        for ipol in xrange (npol):
            filter = (ants == iant) & ~flags[ipol]
            p_am = om.RectPlot ()
            p_ph = om.RectPlot ()
            anyseen = False

            for ispw in seenspws:
                # XXX: do something by field
                sfilter = filter & (spws == ispw)
                t = times[sfilter]
                if not t.size:
                    continue

                v = vals[ipol,sfilter]
                a = np.abs (v)
                p = np.angle (v, deg=True)
                kt = '%s %s spw#%d' % (names[iant], polnames[ipol], ispw)

                for s in numutil.slice_around_gaps (t, maxtimegap):
                    tsub, asub, psub = t[s], a[s], p[s]
                    if tsub.size == 0:
                        continue # Should never happen, but eh.
                    else:
                        lines = (tsub.size > 1)

                    p_am.addXY (tsub, asub, kt, lines=lines, dsn=spw_offsets[ispw])
                    p_ph.addXY (tsub, psub, None, lines=lines, dsn=spw_offsets[ispw])
                    anyseen = True
                    kt = None

            if not anyseen:
                continue

            p_am.setBounds (xmin=min_time,
                            xmax=max_time,
                            ymin=min_am,
                            ymax=max_am)
            p_ph.setBounds (xmin=min_time,
                            xmax=max_time,
                            ymin=min_ph,
                            ymax=max_ph)

            p_am.bpainter.paintLabels = False
            p_am.setYLabel ('Amplitude')
            p_ph.setLabels ('Time (MJD - %d)' % mjdref, 'De-meaned Phase (deg)')

            vb = om.layout.VBox (2)
            vb[0] = p_am
            vb[1] = p_ph
            vb.setWeight (0, 2.5)
            pager.send (vb)

gpplot_cli = makekwcli (gpplot_doc, GpplotConfig, gpplot)


# image2fits
#
# This is basically the "exportfits" task with fewer options and a slightly
# clearer name (which is also consistent with the pwimage2fits script).

image2fits_doc = \
"""
casatask image2fits <input MS image> <output FITS image>

Convert an image in MS format to FITS format.
"""

def image2fits (mspath, fitspath):
    ia = util.tools.image ()
    ia.open (b(mspath))
    ia.tofits (outfile=b(fitspath), velocity=False, optical=False, bitpix=-32,
               minpix=0, maxpix=-1, overwrite=False, dropstokes=False,
               stokeslast=True, history=True)
    ia.close ()


def image2fits_cli (argv):
    check_usage (image2fits_doc, argv, usageifnoargs=True)
    util.logger ()

    if len (argv) != 3:
        wrong_usage (image2fits_doc, 'expected exactly 2 arguments')

    image2fits (argv[1], argv[2])


# importevla
#
# This is a casapy script. We don't reeeallly need to be, but there's enough
# logic in CASA's task_importevla.py that I'm not thrilled to copy/paste it
# all.

importevla_doc = \
"""
casatask importevla <ASDM> <MS>

Convert an EVLA low-level ASDM dataset to Measurement Set format. This
implementation automatically infers the value of the "tbuff" parameter.
"""

def importevla (asdm, ms):
    from .scripting import CasapyScript

    # Here's the best way I can figure to find the recommended value of tbuff
    # (= 1.5 * integration time). Obviously you might have different
    # integration times in the dataset and such, and we're just going to
    # ignore that possibility.

    bdfstem = os.listdir (os.path.join (asdm, 'ASDMBinary'))[0]
    bdf = os.path.join (asdm, 'ASDMBinary', bdfstem)
    tbuff = None

    with open (bdf) as f:
        for linenum, line in enumerate (f):
            if linenum > 60:
                raise PKError ('cannot find integration time info in %s', bdf)

            if not line.startswith ('<sdmDataSubsetHeader'):
                continue

            try:
                i1 = line.index ('<interval>') + len ('<interval>')
                i2 = line.index ('</interval>')
                if i2 <= i1:
                    raise ValueError ()
            except ValueError:
                raise PKError ('cannot parse integration time info in %s', bdf)

            tbuff = float (line[i1:i2]) * 1.5e-9 # nanosecs, and want 1.5x
            break

    if tbuff is None:
        raise PKError ('found no integration time info')

    print ('importevla: %s -> %s with tbuff=%.2f' % (asdm, ms, tbuff))

    script = os.path.join (os.path.dirname (__file__), 'cscript_importevla.py')
    with CasapyScript (script, asdm=asdm, ms=ms, tbuff=tbuff) as cs:
        pass


def importevla_cli (argv):
    check_usage (importevla_doc, argv, usageifnoargs=True)

    if len (argv) != 3:
        wrong_usage (importevla_doc, 'expected exactly 2 arguments')

    importevla (argv[1], argv[2])


# listobs
#
# This one is mostly about the CLI.

listobs_doc = \
"""
casatask listobs <MS>

Generate a standard "listobs" listing of visibility MS contents. If
standard output is a TTY, the listing will be paged.
"""

[docs]def listobs (vis):
    """Generates a set of lines of output. Errors are only detected by looking
    at the output."""

    def inner_list (sink):
        try:
            ms = util.tools.ms ()
            ms.open (vis)
            ms.summary (verbose=True)
            ms.close ()
        except Exception as e:
            sink.post (b'listobs failed: %s' % e, priority=b'SEVERE')

    for line in util.forkandlog (inner_list):
        info = line.rstrip ().split ('\t', 3) # date, priority, origin, message
        if len (info) > 3:
            yield info[3]
        else:
            yield ''



def listobs_cli (argv):
    check_usage (listobs_doc, argv, usageifnoargs=True)

    if len (argv) != 2:
        wrong_usage (listobs_doc, 'expect exactly one argument, the MS path')

    vis = argv[1]

    proc = None
    out = sys.stdout

    if sys.stdout.isatty () or \
           (hasattr (sys.stdout, 'stream') and sys.stdout.stream.isatty ()):
        # Send our output to a pager!
        import subprocess
        pager = os.environ.get ('PAGER') or 'less -SRFX'
        try:
            proc = subprocess.Popen (pager, stdin=subprocess.PIPE, close_fds=True,
                                     shell=True)
        except Exception as e:
            warn ('couldn\'t start pager %r: %s', pager, e)
        else:
            out = proc.stdin

    for line in listobs (vis):
        print (line, file=out)

    if proc is not None:
        proc.stdin.close ()
        proc.wait () # ignore return code

# mfsclean
#
# This isn't a CASA task, but we're pulling out a subset of the functionality
# of clean, which has a bajillion options and has a really gross implementation
# in the library.

mfsclean_doc = \
"""
casatask mfsclean vis=[] [keywords]

Drive the CASA imager with a very restricted set of options.

For W-projection, set ftmachine='wproject' and wprojplanes=64 (or so).

vis=
  Input visibility MS

imbase=
  Base name of output files. We create files named "imbaseEXT"
  where EXT is all of "mask", "modelTT", "imageTT", "residualTT",
  and "psfTT", and TT is empty if nterms = 1, and "ttN." otherwise.

cell = 1 [arcsec]
ftmachine = 'ft' or 'wproject'
gain = 0.1
imsize = 256,256
mask = (blank) or path of CASA-format region text file
niter = 500
nterms = 1
phasecenter = (blank) or 'J2000 12h34m56.7 -12d34m56.7'
reffreq = 0 [GHz]
stokes = I
threshold = 0 [mJy]
weighting = 'briggs' (robust=0.5) or 'natural'
wprojplanes = 1

""" + stdsel_doc + loglevel_doc.replace ('warn;', 'info;')

class MfscleanConfig (ParseKeywords):
    vis = Custom (str, required=True)
    imbase = Custom (str, required=True)

    cell = 1. # arcsec
    ftmachine = 'ft'
    gain = 0.1
    imsize = [256, 256]
    mask = str
    minpb = 0.2
    niter = 500
    nterms = 1
    phasecenter = str
    reffreq = 0. # GHz; 0 -> be sensible
    stokes = 'I'
    threshold = 0. # mJy
    weighting = 'briggs'
    wprojplanes = 1

    # allowchunk = False
    # cyclefactor = 1.5
    # cyclespeedup = -1
    # imagermode = csclean
    # interactive = False
    # gridmode = '' -- related to ftmachine keyword
    # mode = mfs
    # modelimage = []
    # multiscale = []
    # nchan = -1
    # npixels = 0
    # pbcor = False
    # psfmode = clark
    # restoringbeam = []
    # robust = 0.5
    # smallscalebias = 0.6
    # usescratch = False
    # uvtaper = False
    # veltype = radio
    # width = 1

    antenna = str
    field = str
    observation = str
    scan = str
    spw = str
    timerange = str
    uvrange = str
    taql = str

    loglevel = 'info'


specframenames = 'REST LSRK LSRD BARY GEO TOPO GALACTO LGROUP CMB'.split ()


def mfsclean (cfg):
    ms = util.tools.ms ()
    im = util.tools.imager ()
    tb = util.tools.table ()
    qa = util.tools.quanta ()
    ia = util.tools.image ()

    # Filenames. TODO: make sure nothing exists

    mask = cfg.imbase + 'mask'
    pb = cfg.imbase + 'flux'

    if cfg.nterms == 1:
        models = [cfg.imbase + 'model']
        restoreds = [cfg.imbase + 'image']
        resids = [cfg.imbase + 'residual']
        psfs = [cfg.imbase + 'psf']
    else:
        # Note: the names for the 'alpha' and 'alpha.error' images are
        # generated automatically inside the C++ stuff by looking for image
        # names ending in 'tt0', so we're limited in our naming flexibility
        # here.
        models, restoreds, resids, psfs = [], [], [], []

        for i in xrange (cfg.nterms):
            models.append (cfg.imbase + 'model.tt%d' % i)
            restoreds.append (cfg.imbase + 'image.tt%d' % i)
            resids.append (cfg.imbase + 'residual.tt%d' % i)
            psfs.append (cfg.imbase + 'psf.tt%d' % i)

    # Get info on our selected data for various things we need to figure
    # out later.

    selkws = extractmsselect (cfg, havearray=False, haveintent=False, taqltomsselect=False)
    ms.open (b(cfg.vis))
    ms.msselect (b(selkws))
    rangeinfo = ms.range (b'data_desc_id field_id'.split ())
    ddids = rangeinfo['data_desc_id']
    fields = rangeinfo['field_id']

    # Get the spectral frame from the first spw of the selected data

    tb.open (b(os.path.join (cfg.vis, 'DATA_DESCRIPTION')))
    ddspws = tb.getcol (b'SPECTRAL_WINDOW_ID')
    tb.close ()
    spw0 = ddspws[ddids[0]]

    tb.open (b(os.path.join (cfg.vis, 'SPECTRAL_WINDOW')))
    specframe = specframenames[tb.getcell (b'MEAS_FREQ_REF', spw0)]
    tb.close ()

    # Choose phase center

    if cfg.phasecenter is None:
        phasecenter = int (fields[0])
    else:
        phasecenter = cfg.phasecenter

        if ':' in phasecenter:
            # phasecenter='J2000 19:06:48.568 40:11:06.68'
            # parses to "07:06:48.57 297.13.19.80"
            # Using hm/dm instead of ::/:: as separators makes it parse
            # correctly. No idea how the colons manage to parse both
            # without warning and totally wrongly.
            warn ('you moron, who uses colons in sexagesimal?')
            tmp1 = phasecenter.split ()
            twiddled = False
            if len (tmp1) == 3:
                tmp2 = tmp1[1].split (':')
                tmp3 = tmp1[2].split (':')
                if len (tmp2) == 3 and len (tmp3) == 3:
                    tmp2 = tmp2[0] + 'h' + tmp2[1] + 'm' + tmp2[2]
                    tmp3 = tmp3[0] + 'd' + tmp3[1] + 'm' + tmp3[2]
                    phasecenter = ' '.join ([tmp1[0], tmp2, tmp3])
                    twiddled = True
            if twiddled:
                warn ('attempted to fix it up: "%s"\n\n', phasecenter)
            else:
                warn ('couldn\'t parse, left as-is; good luck\n\n')

    # Set up all of this junk

    im.open (b(cfg.vis), usescratch=False)
    im.selectvis (nchan=-1, start=0, step=1, usescratch=False, writeaccess=False, **b(selkws))
    im.defineimage (nx=cfg.imsize[0], ny=cfg.imsize[1],
                    cellx=qa.quantity (b(cfg.cell), b'arcsec'),
                    celly=qa.quantity (b(cfg.cell), b'arcsec'),
                    outframe=b(specframe), phasecenter=b(phasecenter),
                    stokes=cfg.stokes,
                    spw=-1, # to verify: selectvis (spw=) good enough?
                    restfreq=b'', mode=b'mfs', veltype=b'radio',
                    nchan=-1, start=0, step=1, facets=1)

    if cfg.weighting == 'briggs':
        im.weight (type=b'briggs', rmode=b'norm', robust=0.5, npixels=0) #noise=, mosaic=
    elif cfg.weighting == 'natural':
        im.weight (type=b'natural', rmode=b'none')
    else:
        raise ValueError ('unknown weighting type "%s"' % cfg.weighting)

    # im.filter (...)
    im.setscales (scalemethod=b'uservector', uservector=[0])
    im.setsmallscalebias (0.6)
    im.setmfcontrol ()
    im.setvp (dovp=True)
    im.makeimage (type=b'pb', image=b(pb), compleximage=b'', verbose=False)
    im.setvp (dovp=False, verbose=False)
    im.setoptions (ftmachine=b(cfg.ftmachine), wprojplanes=b(cfg.wprojplanes),
                   freqinterp=b'linear', padding=1.2, pastep=360.0, pblimit=b(cfg.minpb),
                   applypointingoffsets=False, dopbgriddingcorrections=True)

    if cfg.nterms > 1:
        im.settaylorterms (ntaylorterms=cfg.nterms, reffreq=cfg.reffreq * 1e9)

    im.setmfcontrol (stoplargenegatives=-1, cyclefactor=1.5,
                     cyclespeedup=-1, minpb=cfg.minpb)

    # Create the mask

    if cfg.mask is None:
        maskstr = ''
    else:
        maskstr = mask
        im.make (b(mask))
        ia.open (b(mask))
        maskcs = ia.coordsys ()
        maskcs.setreferencecode (b(specframe), b'spectral', True)
        ia.setcoordsys (maskcs.torecord ())

        if cfg.mask is not None:
            rg = util.tools.regionmanager ()
            regions = rg.fromtextfile (filename=b(cfg.mask),
                                       shape=ia.shape (),
                                       csys=maskcs.torecord ())
            im.regiontoimagemask (mask=b(mask), region=regions)

        ia.close ()

    # Create blank model(s). Diverging from task_clean even more
    # significantly than usual here.

    for model in models:
        im.make (b(model))

    # Go!

    im.clean (algorithm=b'msmfs', niter=cfg.niter, gain=cfg.gain,
              threshold=qa.quantity (b(cfg.threshold), b'mJy'),
              model=b(models), residual=b(resids), image=b(restoreds),
              psfimage=b(psfs), mask=b(maskstr), interactive=False)
    im.close ()


mfsclean_cli = makekwcli (mfsclean_doc, MfscleanConfig, mfsclean)


# mstransform

mstransform_doc = \
"""
casatask mstransform vis=[] [keywords]

vis=
  Input visibility MS

out=
  Output visibility MS

datacolumn=corrected
  The data column on which to operate. Comma-separated list of:
    data, model, corrected, float_data, lag_data, all

realmodelcol=False
  If true, turn a virtual model column into a real one.

keepflags=True
  If false, discard completely-flagged rows.

usewtspectrum=False
  If true, fill in a WEIGHT_SPECTRUM column in the output data set.

combinespws=False
  If true, combine spectral windows

chanaverage=False
  If true, average the data in frequency. NOT WIRED UP.

hanning=False
  If true, Hanning smooth the data spectrally to remove Gibbs ringing.

regridms=False
  If true, put the data on a new spectral window structure or reference frame.

timebin=<seconds>
  If specified, time-average the visibilities with the specified binning.

timespan=<undefined>
  Allow averaging to span over potential discontinuities in the data set.
  Comma-separated list of options; allowed values are:
    scan, state

""" + stdsel_doc + loglevel_doc

class MstransformConfig (ParseKeywords):
    vis = Custom (str, required=True)
    out = Custom (str, required=True)

    datacolumn = 'corrected'
    realmodelcol = False
    keepflags = True
    usewtspectrum = False
    combinespws = False
    chanaverage = False
    hanning = False
    regridms = False

    timebin = float # seconds
    timespan = [str] # containing 'scan', 'state'

    antenna = str
    array = str
    correlation = str
    field = str
    intent = str
    observation = str
    scan = str
    spw = str
    timerange = str
    uvrange = str
    taql = str

    loglevel = 'warn'


def mstransform (cfg):
    mt = util.tools.mstransformer ()
    qa = util.tools.quanta ()

    mtconfig = extractmsselect (cfg, havearray=True, havecorr=True, taqltomsselect=False)
    mtconfig['inputms'] = cfg.vis
    mtconfig['outputms'] = cfg.out

    if not cfg.keepflags:
        if len (mtconfig.get ('taql', '')):
            mtconfig['taql'] += 'AND NOT (FLAG_ROW OR ALL(FLAG))'
        else:
            mtconfig['taql'] = 'NOT (FLAG_ROW OR ALL(FLAG))'

    mtconfig['datacolumn'] = cfg.datacolumn

    if 'MODEL' in cfg.datacolumn.upper () or cfg.datacolumn.upper () == 'ALL':
        mtconfig['realmodelcol'] = cfg.realmodelcol

    mtconfig['combinespws'] = bool (cfg.combinespws)
    mtconfig['hanning'] = bool (cfg.hanning)

    if cfg.chanaverage:
        raise NotImplementedError ('mstransform: chanaverage')

    if cfg.regridms:
        raise NotImplementedError ('mstransform: regridms')

    if cfg.timebin is not None:
        mtconfig['timeaverage'] = True
        mtconfig['timebin'] = str (cfg.timebin) + 's'
        mtconfig['timespan'] = ','.join (cfg.timespan)
        # not implemented: maxuvwdistance

    mt.config (b(mtconfig))
    mt.open ()
    mt.run ()
    mt.done ()

    # not implemented: updating FLAG_CMD table
    # not implemented: updating history


mstransform_cli = makekwcli (mstransform_doc, MstransformConfig, mstransform)


# plotants

plotants_doc = \
"""
casatask plotants <MS> <figfile>

Plot the physical layout of the antennas described in the MS.
"""

def plotants (vis, figfile):
    from .scripting import CasapyScript

    script = os.path.join (os.path.dirname (__file__), 'cscript_plotants.py')

    with CasapyScript (script, vis=vis, figfile=figfile) as cs:
        pass


def plotants_cli (argv):
    check_usage (plotants_doc, argv, usageifnoargs=True)

    if len (argv) != 3:
        wrong_usage (plotants_doc, 'expect exactly two arguments')

    plotants (argv[1], argv[2])


# plotcal

plotcal_doc = \
"""
casatask plotcal caltable=<MS> [keywords]

Plot values from a calibration dataset in any of a variety of ways.

caltable=
  The calibration MS to plot

xaxis=
  amp antenna chan freq imag phase real snr time

yaxis=
  amp antenna imag phase real snr

iteration=
  antenna field spw time

*** Data selection

antenna=
field=
poln=
  RL R L XY X Y '/'
spw=
timerange=

*** Plot appearance options

plotsymbol=
plotcolor=
fontsize=
figfile=

""" + loglevel_doc


class PlotcalConfig (ParseKeywords):
    caltable = Custom (str, required=True)
    xaxis = 'time'
    yaxis = 'amp'
    iteration = ''

    # not implemented: subplot, overplot, clearpanel, plotrange,
    # showflags, showgui

    plotsymbol = '.'
    plotcolor = 'blue'
    markersize = 5.
    fontsize = 10.
    figfile = str

    antenna = ''
    field = ''
    poln = 'RL'
    spw = ''
    timerange = ''


def plotcal (cfg):
    # casa-tools plotting relies on invoking matplotlib in an internal Python
    # interpreter (!), and it uses a very old version of matplotlib that's
    # essentially incompatible with what's available in any up-to-date Python
    # environment (e.g. Anaconda). Therefore we have to launch any plotcal
    # operations as casapy scripts to ensure compatibility.

    from .scripting import CasapyScript

    script = os.path.join (os.path.dirname (__file__), 'cscript_plotcal.py')

    selectcals = b(dict (antenna = cfg.antenna,
                         field = cfg.field,
                         poln = cfg.poln.upper (),
                         spw = cfg.spw,
                         time = cfg.timerange))

    plotoptions = b(dict (iteration = cfg.iteration,
                          plotrange = [0.0]*4,
                          plotsymbol = cfg.plotsymbol,
                          plotcolor = cfg.plotcolor,
                          markersize = cfg.markersize,
                          fontsize = cfg.fontsize))

    with CasapyScript (script,
                       caltable=b(cfg.caltable),
                       selectcals=selectcals,
                       plotoptions=plotoptions,
                       xaxis=b(cfg.xaxis.upper ()),
                       yaxis=b(cfg.yaxis.upper ()),
                       figfile=b(cfg.figfile)) as cs:
        pass


def plotcal_cli (argv):
    check_usage (plotcal_doc, argv, usageifnoargs=True)
    cfg = PlotcalConfig ().parse (argv[1:])
    plotcal (cfg)


# setjy

setjy_doc = \
"""
casatask setjy vis= [keywords]

Insert model data into a measurement set. We force usescratch=False
and scalebychan=True. You probably want to specify "field".

fluxdensity=
  Up to four comma-separated numbers giving Stokes IQUV intensities in
  Jy. Default values are [-1, 0, 0, 0]. If the Stokes I intensity is
  negative (i.e., the default), a "sensible default" will be used:
  detailed spectral models if the source is known (see "standard"), or
  1 otherwise. If it is zero and "modimage" is used, the flux density
  of the model image is used. The built-in standards do NOT have
  polarimetric information, so for pol cal you do need to manually
  specify the flux density information -- or see the program
  "mspolmodel".

modimage=
  An image to use as the basis for the source's spatial structure and,
  potentialy, flux density (if fluxdensity=0). Only usable for Stokes
  I.  If the verbatim value of "modimage" can't be opened as a path,
  it is assumed to be relative to the CASA data directory; a typical
  value might be "nrao/VLA/CalModels/3C286_C.im".

spindex=
reffreq=
  If using fluxdensity, these specify the spectral dependence of the
  values, such that S = fluxdensity * (freq/reffreq)**spindex. Reffreq
  is in GHz. Default values are 0 and 1, giving no spectral
  dependence.

standard='Perley-Butler 2013'
  Solar-system standards are not supported by this implementation, so
  acceptable values are: Baars, Perley 90, Perley-Taylor 95,
  Perley-Taylor 99, Perley-Butler 2010, Perley-Butler 2013.

*** Supported data selection keywords:

field=
observation=
scan=
spw=
timerange=
""" + loglevel_doc

class SetjyConfig (ParseKeywords):
    vis = Custom (str, required=True)
    modimage = str
    fluxdensity = [-1., 0., 0., 0.]
    spindex = 0.
    reffreq = 1. # GHz
    standard = 'Perley-Butler 2013'

    field = str
    observation = str
    scan = str
    spw = str
    timerange = str

    loglevel = 'warn'


def setjy (cfg):
    kws = {}

    for kw in 'field fluxdensity observation scan spw standard'.split ():
        kws[kw] = getattr (cfg, kw) or ''

    kws['time'] = cfg.timerange or ''
    kws['reffreq'] = str (cfg.reffreq) + 'GHz'
    kws['spix'] = cfg.spindex
    kws['scalebychan'] = True # don't think you'd ever want false??

    if cfg.modimage is None:
        kws['modimage'] = ''
    else:
        if os.path.isdir (cfg.modimage):
            mi = cfg.modimage
        else:
            mi = util.datadir (cfg.modimage)
            if not os.path.isdir (mi):
                raise RuntimeError ('no model image "%s" or "%s"' % (cfg.modimage, mi))
        kws['modimage'] = mi

    im = util.tools.imager ()
    im.open (b(cfg.vis), usescratch=False) # don't think you'll ever want True?
    im.setjy (**b(kws))
    im.close ()


setjy_cli = makekwcli (setjy_doc, SetjyConfig, setjy)


# split
#
# note: spw=999 -> exception; scan=999 -> no output, or error, generated

split_doc = \
"""
casatask split vis=<MS> out=<MS> [keywords...]

timebin=
  Time-average data into bins of "timebin" seconds; defaults to no averaging

step=
  Frequency-average data in bins of "step" channels; defaults to no averaging

col=all
  Extract the column "col" as the DATA column. If "all", copy all available
  columns without renaming. Possible values:
    all DATA MODEL_DATA CORRECTED_DATA FLOAT_DATA LAG_DATA

combine=[col1,col2,...]
  When time-averaging, don't start a new bin when the specified columns change.
  Acceptable column names:
    scan state
""" + stdsel_doc + loglevel_doc

class SplitConfig (ParseKeywords):
    vis = Custom (str, required=True)
    out = Custom (str, required=True)

    timebin = float # seconds
    step = 1
    col = 'all'
    combine = [str]

    antenna = str
    array = str
    correlation = str
    field = str
    intent = str
    observation = str # renamed from obs for consistency
    scan = str
    spw = str
    taql = str
    timerange = str
    uvrange = str

    loglevel = 'warn'


def split (cfg):
    import tempfile, shutil

    kws = extractmsselect (cfg, havearray=True, havecorr=True,
                           observationtoobs=True, taqltomsselect=False)
    kws['whichcol'] = cfg.col
    kws['combine'] = ','.join (cfg.combine)
    kws['step'] = [cfg.step] # can be done on per-spw basis; we skip that

    if cfg.timebin is None:
        kws['timebin'] = '-1s'
    else:
        kws['timebin'] = str (cfg.timebin) + 's'

    ms = util.tools.ms ()
    ms.open (b(cfg.vis))

    # split() will merrily overwrite an existing MS, which I think is
    # very bad behavior. We try to prevent this in two steps: 1) claim
    # the desired output name in a way that will error out if it
    # already exists; 2) tell split() to create its outputs in an
    # empty temporary directory, to minimize the chances of blowing
    # away anything preexisting. In the pathological case, there's a
    # chance for someone with our UID to move something into the
    # temporary directory with our target name and have us delete
    # it. There's nothing we can do about that so long as split() is
    # happy to overwrite existing data.
    #
    # It's also possible for someone with our UID to spoil our rename
    # by changing the permissions on our placeholder output directory
    # and stuffing something in it, but this failure mode doesn't
    # involve data loss.
    #
    # We put the temporary working directory adjacent to the destination
    # to make sure it's on the same device.

    didntmakeit = True
    renamed = False
    workdir = None

    try:
        didntmakeit = os.mkdir (cfg.out, 0) # error raised if already exists.

        try:
            workdir = tempfile.mkdtemp (dir=os.path.dirname (cfg.out),
                                        prefix=os.path.basename (cfg.out) + '_')
            kws['outputms'] = os.path.join (workdir, os.path.basename (cfg.out))
            ms.split (**b(kws))
            os.rename (kws['outputms'], cfg.out)
            renamed = True
        finally:
            if workdir is not None:
                shutil.rmtree (workdir, ignore_errors=True)
    finally:
        if not didntmakeit and not renamed:
            try:
                os.rmdir (cfg.out)
            except:
                pass

    ms.close ()


split_cli = makekwcli (split_doc, SplitConfig, split)


# spwglue
#
# Shim for a separate module

def spwglue_cli (argv):
    from .spwglue import spwglue_cli
    spwglue_cli (argv)


# uvsub
#
# We add UV selection keywords not supported by the CASA task.
# I assume that they're honored ...

uvsub_doc = \
"""
casatask uvsub vis= [keywords]

Set the CORRECTED_DATA column to the difference of DATA and MODEL_DATA.

vis=
  The input data set.

reverse=
  Boolean, default false, which means to set CORRECTED = DATA - MODEL. If
  true, CORRECTED = DATA + MODEL.
""" + stdsel_doc + loglevel_doc


class UvsubConfig (ParseKeywords):
    vis = Custom (str, required=True)
    reverse = False

    antenna = str
    array = str
    field = str
    intent = str
    observation = str
    scan = str
    spw = str
    timerange = str
    uvrange = str
    taql = str

    loglevel = 'warn'


def uvsub (cfg):
    ms = util.tools.ms ()

    ms.open (b(cfg.vis), nomodify=False)
    ms.msselect (b(extractmsselect (cfg,
                                    havearray=True,
                                    intenttoscanintent=True,
                                    taqltomsselect=False)))
    ms.uvsub (reverse=cfg.reverse)
    ms.close ()


uvsub_cli = makekwcli (uvsub_doc, UvsubConfig, uvsub)


# Driver for command-line access. I wrote this before multitool, and it
# doesn't seem particularly valuable to convert them to Multitool since the
# current system works fine.

def cmdline_usage (stream, exitcode):
    print ('usage: casatask <task> [task-specific arguments]', file=stream)
    print (file=stream)
    print ('Supported tasks:', file=stream)
    print (file=stream)

    for name in sorted (globals ().iterkeys ()):
        if name.endswith ('_cli'):
            print (name[:-4], file=stream)

    raise SystemExit (exitcode)


def commandline (argv=None):
    if argv is None:
        argv = sys.argv
        from ... import cli
        cli.propagate_sigint ()
        cli.backtrace_on_usr1 ()
        cli.unicode_stdio ()

    if len (argv) < 2 or argv[1] == '--help':
        cmdline_usage (sys.stdout, 0)

    driver = globals ().get (argv[1] + '_cli')
    if driver is None:
        die ('unknown task "%s"; run with no arguments for a list', argv[1])

    subargv = [' '.join (argv[:2])] + argv[2:]
    driver (subargv)
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  Source code for pwkit.cli.multitool

# -*- mode: python; coding: utf-8 -*-
# Copyright 2015 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.cli.multitool - Framework for command-line tools with sub-commands

This module provides a framework for quickly creating command-line programs
that have multiple independent sub-commands (similar to the way Git's
interface works).

Classes:

Command
  A command supported by the tool.
DelegatingCommand
  A command that delegates to named sub-commands.
HelpCommand
  A command that prints the help for other commands.
Multitool
  The tool itself.
UsageError
  Raised if illegal command-line arguments are used.

Functions:

invoke_tool
  Run as a tool and exit.

Standard usage::

  class MyCommand (multitool.Command):
    name = 'info'
    summary = 'Do something useful.'

    def invoke (self, args, **kwargs):
      print ('hello')

  class MyTool (multitool.MultiTool):
    cli_name = 'mytool'
    summary = 'Do several useful things.'

  HelpCommand = multitool.HelpCommand # optional

  def commandline ():
    multitool.invoke_tool (globals ())

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'invoke_tool Command DelegatingCommand HelpCommand Multitool '
           b'UsageError').split ()

from .. import PKError
from . import check_usage, wrong_usage


[docs]class UsageError (PKError):
    """Raised if illegal command-line arguments are used in a Multitool
    program."""



[docs]class Command (object):
    """A command in a multifunctional CLI tool.

    Attributes:

    argspec
      One-line string summarizing the command-line arguments
      that should be passed to this command.
    help_if_no_args
      If True, usage help will automatically be displayed if
      no command-line arguments are given.
    more_help
      Additional help text to be displayed below the summary
      (optional).
    name
      The command's name, as should be specified at the CLI.
    summary
      A one-line summary of this command's functionality.

    Functions:

    ``invoke(self, args, **kwargs)``
      Execute this command.

    'name' must be set; other attributes are optional, although at least
    'summary' and 'argspec' should be set. 'invoke()' must be implemented.

    """
    name = None
    argspec = ''
    summary = ''
    more_help = ''
    help_if_no_args = True

[docs]    def invoke (self, args, **kwargs):
        """Invoke this command. 'args' is a list of the remaining command-line
        arguments. 'kwargs' contains at least 'argv0', which is the equivalent
        of, well, `argv[0]` for this command; 'tool', the originating
        Multitool instance; and 'parent', the parent DelegatingCommand
        instance. Other kwargs may be added in an application-specific manner.
        Basic processing of '--help' will already have been done if invoked
        through invoke_with_usage().

        """
        raise NotImplementedError ()



[docs]    def invoke_with_usage (self, args, **kwargs):
        """Invoke the command with standardized usage-help processing. Same calling
        convention as `Command.invoke()`.

        """
        argv0 = kwargs['argv0']
        usage = self._usage (argv0)
        argv = [argv0] + args
        uina = 'long' if self.help_if_no_args else False

        check_usage (usage, argv, usageifnoargs=uina)

        try:
            return self.invoke (args, **kwargs)
        except UsageError as e:
            wrong_usage (usage, str (e))



    def _usage (self, argv0):
        text = '%s %s' % (argv0, self.argspec)
        if len (self.summary):
            text += '\n\n' + self.summary
        if len (self.more_help):
            text += '\n\n' + self.more_help
        return text



def is_strict_subclass (value, klass):
    """Check that `value` is a subclass of `klass` but that it is not actually
    `klass`. Unlike issubclass(), does not raise an exception if `value` is
    not a type.

    """
    return (isinstance (value, type) and
            issubclass (value, klass) and
            value is not klass)


[docs]class DelegatingCommand (Command):
    """A command that delegates to sub-commands.

    Attributes:

    cmd_desc
      The noun used to desribe the sub-commands.
    usage_tmpl
      A formatting template for long tool usage. The default
      is almost surely acceptable.

    Functions:

    register
      Register a new sub-command.
    populate
      Register many sub-commands automatically.

    """
    argspec = '<command> [arguments...]'
    cmd_desc = 'sub-command'
    usage_tmpl = """%(argv0)s %(argspec)s

%(summary)s

Commands are:

%(indented_command_help)s

%(more_help)s
"""
    more_help = 'Most commands will give help if run with no arguments.'

    def __init__ (self, populate_from_self=True):
        self.commands = {}

        if populate_from_self:
            # Avoiding '_' items is important; otherwise we'll recurse
            # infinitely on self.__class__!
            self.populate (getattr (self, n) for n in dir (self)
                           if not n.startswith ('_'))


[docs]    def register (self, cmd):
        """Register a new command with the tool. 'cmd' is expected to be an instance
        of `Command`, although here only the `cmd.name` attribute is
        investigated. Multiple commands with the same name are not allowed to
        be registered. Returns 'self'.

        """
        if cmd.name is None:
            raise ValueError ('no name set for Command object %r' % cmd)
        if cmd.name in self.commands:
            raise ValueError ('a command named "%s" has already been '
                              'registered' % cmd.name)

        self.commands[cmd.name] = cmd
        return self



[docs]    def populate (self, values):
        """Register multiple new commands by investigating the iterable `values`. For
        each item in `values`, instances of `Command` are registered, and
        subclasses of `Command` are instantiated (with no arguments passed to
        the constructor) and registered. Other kinds of values are ignored.
        Returns 'self'.

        """
        for value in values:
            if isinstance (value, Command):
                self.register (value)
            elif is_strict_subclass (value, Command) and getattr (value, 'name') is not None:
                self.register (value ())

        return self



[docs]    def invoke_command (self, cmd, args, **kwargs):
        """This function mainly exists to be overridden by subclasses."""
        new_kwargs = kwargs.copy ()
        new_kwargs['argv0'] = kwargs['argv0'] + ' ' + cmd.name
        new_kwargs['parent'] = self
        new_kwargs['parent_kwargs'] = kwargs
        return cmd.invoke_with_usage (args, **new_kwargs)



    def invoke (self, args, **kwargs):
        if len (args) < 1:
            raise UsageError ('need to specify a %s', self.cmd_desc)

        cmdname = args[0]
        cmd = self.commands.get (cmdname)
        if cmd is None:
            raise UsageError ('no such %s "%s"', self.cmd_desc, cmdname)

        self.invoke_command (cmd, args[1:], **kwargs)


    def _usage (self, argv0):
        return self.usage_tmpl % self._usage_keys (argv0)


    def _usage_keys (self, argv0):
        scmds = sorted ((cmd for cmd in self.commands.itervalues ()
                         if cmd.name[0] != '_'),
                        key=lambda c: c.name)
        maxlen = 0

        for cmd in scmds:
            maxlen = max (maxlen, len (cmd.name))

        ich = '\n'.join ('  %s %-*s - %s' %
                         (argv0, maxlen, cmd.name, cmd.summary)
                         for cmd in scmds)

        return dict (argspec=self.argspec,
                     argv0=argv0,
                     indented_command_help=ich,
                     more_help=self.more_help,
                     summary=self.summary)



[docs]class Multitool (DelegatingCommand):
    """A command-line tool with multiple sub-commands.

    Attributes:

      cli_name  - The usual name of this tool on the command line.
      more_help - Additional help text.
      summary   - A one-line summary of this tool's functionality.

    Functions:

      commandline - Execute a command as if invoked from the command-line.
      register    - Register a new command.
      populate    - Register many commands automatically.

    """
    cli_name = '<no name>'
    cmd_desc = 'command'

    def __init__ (self):
        super (Multitool, self).__init__ (populate_from_self=False)

[docs]    def commandline (self, argv):
        """Run as if invoked from the command line. 'argv' is a Unix-style list of
        arguments, where the zeroth item is the program name (which is ignored
        here). Usage help is printed if deemed appropriate (e.g., no arguments
        are given). This function always terminates with an exception, with
        the exception being a SystemExit(0) in case of success.

        Note that we don't actually use `argv[0]` to set `argv0` because it
        will generally be the full path to the script name, which is
        unattractive.

        """
        self.invoke_with_usage (argv[1:],
                                tool=self,
                                argv0=self.cli_name)




[docs]def invoke_tool (namespace, tool_class=None):
    """Invoke a tool and exit.

    `namespace` is a namespace-type dict from which the tool is initialized.
    It should contain exactly one value that is a `Multitool` subclass, and
    this subclass will be instantiated and populated (see
    `Multitool.populate()`) using the other items in the namespace. Instances
    and subclasses of `Command` will therefore be registered with the
    `Multitool`. The tool is then invoked.

    `pwkit.cli.propagate_sigint()` and `pwkit.cli.unicode_stdio()` are called
    at the start of this function. It should therefore be only called immediately
    upon startup of the Python interpreter.

    This function always exits with an exception. The exception will be
    SystemExit (0) in case of success.

    The intended invocation is `invoke_tool (globals ())` in some module that
    defines a `Multitool` subclass and multiple `Command` subclasses.

    If `tool_class` is not None, this is used as the tool class rather than
    searching `namespace`, potentially avoiding problems with modules
    containing multiple `Multitool` implementations.

    """
    import sys
    from .. import cli
    cli.propagate_sigint ()
    cli.unicode_stdio ()
    cli.backtrace_on_usr1 ()

    if tool_class is None:
        for value in namespace.itervalues ():
            if is_strict_subclass (value, Multitool):
                if tool_class is not None:
                    raise PKError ('do not know which Multitool implementation to use')
                tool_class = value

    if tool_class is None:
        raise PKError ('no Multitool implementation to use')

    tool = tool_class ()
    tool.populate (namespace.itervalues ())
    tool.commandline (sys.argv)



class HelpCommand (Command):
    name = 'help'
    argspec = '<command name>'
    summary = 'Show help on other commands.'
    help_if_no_args = False

    def invoke (self, args, parent=None, parent_kwargs=None, **kwargs):
        # This will Do The Right Thing if someone does the equivalent of "git
        # help remote show". Other than that it's kind of open to weird
        # misusage ...
        parent.invoke_with_usage (args + ['--help'], **parent_kwargs)
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  Source code for pwkit.astutil

# -*- mode: python; coding: utf-8 -*-
# Copyright 2012-2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.astutil - miscellaneous astronomical constants and utilities

Constants:

np                  - The numpy module.
pi                  - Pi.
twopi               - 2 * Pi.
halfpi              - 0.5 * Pi.
R2A                 - arcsecs = radians * R2A
A2R                 - radians = arcsecs * A2R
R2D                 - degrees = radians * R2D
D2R                 - radians = degrees * D2R
R2H                 - hours = radians * R2H
H2R                 - radians = hours * H2R
F2S                 - sigma = fwhm * F2S (for Gaussians)
S2F                 - fwhm = sigma * S2F
J2000               - J2000 as an MJD: 51544.5

Functions:

angcen              - Center an angle in radians in [-π, π].
fmtdeglat           - Format radian latitude (dec) as sexagesimal degrees.
fmtdeglon           - Format radian longitude as sexagesimal degrees.
fmthours            - Format radian longitude (RA) as sexagesimal hours.
fmtradec            - Format radian ra/dec as text.
gaussian_convolve   - Convolve a Gaussian profile with another.
gaussian_deconvolve - Deconvolve a Gaussian from profile from another.
orientcen           - Center an orientation in radians in [-π/2, π/2]
parang              - Parallactic angle from HA, dec, lat.
parsedeglat         - Parse sexagesimal degrees (dec) into a latitude.
parsedeglon         - Parse sexagesimal degrees into a longitude.
parsehours          - Parse sexagesimal hours (RA) into a longitude.
sphbear             - Calculate the bearing (~PA) from one lat/lon to another.
sphdist             - Calculate the distance between two lat/lons
sphofs              - Calculate lat/lon from an initial lat/lon and an offset.

Classes:

AstrometryInfo      - Hold astrometric parameters and predict a source location
                      with Monte Carlo uncertainties. (Requires precastro.)

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = b'''np pi twopi halfpi R2A A2R R2D D2R R2H H2R F2S S2F J2000 angcen orientcen
           fmthours fmtdeglon fmtdeglat fmtradec parsehours parsedeglat
           parsedeglon sphdist sphbear sphofs parang gaussian_convolve
           gaussian_deconvolve AstrometryInfo'''.split ()

import numpy as np

from . import text_type, unicode_to_str
from .numutil import broadcastize


# Constants.

pi = np.pi
twopi = 2 * pi
halfpi = 0.5 * pi

R2A = 3600 * 180 / pi
A2R = pi / (3600 * 180)
R2D = 180 / pi
D2R = pi / 180
R2H = 12 / pi
H2R = pi / 12
F2S = 1 / np.sqrt (8 * np.log (2)) # FWHM to sigma
S2F = np.sqrt (8 * np.log (2))

J2000 = 51544.5


# Angle and orientation (PA) normalization
#
# PA's seem to usually be given in the range [-90, 90]

angcen = lambda a: (((a + pi) % twopi) - pi)
orientcen = lambda a: (((a + halfpi) % pi) - halfpi)


# Formatting/parsing of lat/long/etc

def _fmtsexagesimal (base, norm, basemax, seps, precision=3):
    if norm == 'none':
        pass
    elif norm == 'raise':
        if base > basemax or base < 0:
            raise ValueError ('illegal coordinate of %f' % base)
    elif norm == 'wrap':
        base = base % basemax
    else:
        raise ValueError ('unrecognized normalization type "%s"' % norm)

    if len (seps) < 2:
        # To ponder: we accept len(seps) > 3; seems OK.
        raise ValueError ('there must be at least two sexagesimal separators; '
                          'got value "%s"' % seps)

    precision = max (int (precision), 0)
    if precision == 0:
        width = 2
    else:
        width = precision + 3

    basewidth = len (text_type (basemax))

    bs = int (np.floor (base))
    min = int (np.floor ((base - bs) * 60))
    sec = round (3600 * (base - bs - min / 60.), precision)

    if sec >= 60:
        # Can happen if we round up
        sec -= 60
        min += 1

        if min >= 60:
            min -= 60
            bs += 1

            if bs >= basemax:
                bs -= basemax

    if len (seps) > 2:
        sep2 = seps[2]
    else:
        sep2 = ''

    return '%0*d%s%02d%s%0*.*f%s' % \
        (basewidth, bs, seps[0], min, seps[1], width, precision, sec, sep2)


[docs]def fmthours (radians, norm='wrap', precision=3, seps='::'):
    """(radians, norm='wrap', precision=3) -> string

    norm[alization] can be one of 'none', 'raise', or 'wrap'

    """
    return _fmtsexagesimal (radians * R2H, norm, 24, seps, precision=precision)



[docs]def fmtdeglon (radians, norm='wrap', precision=2, seps='::'):
    """(radians, norm='wrap', precision=2) -> string

    norm[alization] can be one of 'none', 'raise', or 'wrap'

    """
    return _fmtsexagesimal (radians * R2D, norm, 360, seps, precision=precision)



[docs]def fmtdeglat (radians, norm='raise', precision=2, seps='::'):
    """(radians, norm='raise', precision=2) -> string

    norm[alization] can be one of 'none', 'raise', or 'wrap'

    """
    if norm == 'none':
        pass
    elif norm == 'raise':
        if radians > halfpi or radians < -halfpi:
            raise ValueError ('illegal latitude of %f radians' % radians)
    elif norm == 'wrap':
        radians = angcen (radians)
        if radians > halfpi:
            radians = pi - radians
        elif radians < -halfpi:
            radians = -pi - radians
    else:
        raise ValueError ('unrecognized normalization type "%s"' % norm)

    if len (seps) < 2:
        # To ponder: we accept len(seps) > 3; seems OK.
        raise ValueError ('there must be at least two sexagesimal separators; '
                          'got value "%s"' % seps)

    precision = max (int (precision), 0)
    if precision == 0:
        width = 2
    else:
        width = precision + 3

    degrees = radians * R2D

    if degrees >= 0:
        sgn = '+'
    else:
        sgn = '-'
        degrees = -degrees

    deg = int (np.floor (degrees))
    amin = int (np.floor ((degrees - deg) * 60))
    asec = round (3600 * (degrees - deg - amin / 60.), precision)

    if asec >= 60:
        # Can happen if we round up
        asec -= 60
        amin += 1

        if amin >= 60:
            amin -= 60
            deg += 1

    if len (seps) > 2:
        sep2 = seps[2]
    else:
        sep2 = ''

    return '%s%02d%s%02d%s%0*.*f%s' % \
        (sgn, deg, seps[0], amin, seps[1], width, precision, asec, sep2)



[docs]def fmtradec (rarad, decrad, precision=2, raseps='::', decseps='::', intersep=' '):
    return (fmthours (rarad, precision=precision + 1, seps=raseps) +
            text_type (intersep) +
            fmtdeglat (decrad, precision=precision, seps=decseps))



# Parsing routines are currently very lame.


def _parsesexagesimal (sxgstr, desc, negok):
    sxgstr_orig = sxgstr
    sgn = 1

    if sxgstr[0] == '-':
        if negok:
            sgn = -1
            sxgstr = sxgstr[1:]
        else:
            raise ValueError ('illegal negative %s expression: %s' % (desc, sxgstr_orig))

    try:
        # TODO: other separators ...
        bs, mn, sec = sxgstr.split (':')
        bs = int (bs)
        mn = int (mn)
        sec = float (sec)
    except Exception:
        raise ValueError ('unable to parse as %s: %s' % (desc, sxgstr_orig))

    if mn < 0 or mn > 59 or sec < 0 or sec >= 60.:
        raise ValueError ('illegal sexagesimal %s expression: %s' % (desc, sxgstr_orig))
    if bs < 0: # two minus signs, or something
        raise ValueError ('illegal negative %s expression: %s' % (desc, sxgstr_orig))

    return sgn * (bs + mn / 60. + sec / 3600.)


[docs]def parsehours (hrstr):
    hr = _parsesexagesimal (hrstr, 'hours', False)
    if hr >= 24:
        raise ValueError ('illegal hour specification: ' + hrstr)
    return hr * H2R



[docs]def parsedeglat (latstr):
    deg = _parsesexagesimal (latstr, 'latitude', True)
    if abs (deg) > 90:
        raise ValueError ('illegal latitude specification: ' + latstr)
    return deg * D2R



[docs]def parsedeglon (lonstr):
    return _parsesexagesimal (lonstr, 'longitude', True) * D2R


# Spherical trig


@broadcastize (4)
[docs]def sphdist (lat1, lon1, lat2, lon2):
    """Args are: lat1, lon1, lat2, lon2 -- consistent with the usual coordinates
    in images, but note that this maps to (Dec, RA) or (Y, X), so be careful
    with this.

    The distance is computed with the "specialized Vincenty formula". Faster
    but more error-prone formulae are possible; see Wikipedia on Great-circle
    Distance.

    """
    cd = np.cos (lon2 - lon1)
    sd = np.sin (lon2 - lon1)
    c2 = np.cos (lat2)
    c1 = np.cos (lat1)
    s2 = np.sin (lat2)
    s1 = np.sin (lat1)
    a = np.sqrt ((c2 * sd)**2 + (c1 * s2 - s1 * c2 * cd)**2)
    b = s1 * s2 + c1 * c2 * cd
    return np.arctan2 (a, b)



@broadcastize (4)
[docs]def sphbear (lat1, lon1, lat2, lon2, tol=1e-15):
    """Args are (lat1, lon1, lat2, lon2, tol=1e-15) --
    consistent with the usual coordinates in images, but note that
    this maps to (Dec, RA) or (Y, X). All in radians. Returns the
    bearing (AKA position angle, PA) of point 2 with regards to point
    1.

    The sign convention is astronomical: bearing ranges from -pi to pi,
    with negative values if point 2 is in the western hemisphere w.r.t.
    point 1, positive if it is in the eastern.

    If point1 is very near the pole, the bearing is undefined and the result
    is NaN.

    tol is used for checking pole nearness and for rounding the bearing to
    precisely zero if it's extremely small.

    Derived from bear() in angles.py from Prasanth Nair,
    https://github.com/phn/angles . His version is BSD licensed. This one is
    sufficiently different that I think it counts as a separate
    implementation.

    """
    # cross product on outer axis:
    ocross = lambda a, b: np.cross (a, b, axisa=0, axisb=0, axisc=0)

    # if args have shape S, this has shape (3, S)
    v1 = np.asarray ([np.cos (lat1) * np.cos (lon1),
                      np.cos (lat1) * np.sin (lon1),
                      np.sin (lat1)])

    v2 = np.asarray ([np.cos (lat2) * np.cos (lon2),
                      np.cos (lat2) * np.sin (lon2),
                      np.sin (lat2)])

    is_bad = (v1[0]**2 + v1[1]**2) < tol

    p12 = ocross (v1, v2) # ~"perpendicular to great circle containing points"
    p1z = np.asarray ([v1[1], -v1[0], np.zeros_like (lat1)]) # ~"perp to base and Z axis"
    cm = np.sqrt ((ocross (p12, p1z)**2).sum (axis=0)) # ~"angle between the vectors"
    bearing = np.arctan2 (cm, np.sum (p12 * p1z, axis=0))
    bearing = np.where (p12[2] < 0, -bearing, bearing) # convert to [-pi/2, pi/2]
    bearing = np.where (np.abs (bearing) < tol, 0, bearing) # clamp
    bearing[np.where (is_bad)] = np.nan
    return bearing



[docs]def sphofs (lat1, lon1, r, pa, tol=1e-2, rmax=None):
    """Args are: lat1, lon1, r, pa -- consistent with
    the usual coordinates in images, but note that this maps
    to (Dec, RA) or (Y, X). PA is East from North. Returns
    lat2, lon2.

    Error checking can be done in two ways. If tol is not
    None, sphdist() is used to calculate the actual distance
    between the two locations, and if the magnitude of the
    fractional difference between that and *r* is larger than
    tol, an exception is raised. This will add an overhead
    to the computation that may be significant if you're
    going to be calling this function a whole lot.

    If rmax is not None, magnitudes of *r* greater than that
    value are rejected. For reference, an *r* of 0.2 (~11 deg)
    gives a maximum fractional distance error of ~3%.
    """

    if rmax is not None and np.abs (r) > rmax:
        raise ValueError ('sphofs radius value %f is too big for '
                          'our approximation' % r)

    lat2 = lat1 + r * np.cos (pa)
    lon2 = lon1 + r * np.sin (pa) / np.cos (lat2)

    if tol is not None:
        s = sphdist (lat1, lon1, lat2, lon2)
        if np.any (np.abs ((s - r) / s) > tol):
            raise ValueError ('sphofs approximation broke down '
                              '(%s %s %s %s %s %s %s)' % (lat1, lon1,
                                                          lat2, lon2,
                                                          r, s, pa))

    return lat2, lon2


# Spherical trig tools that are more astronomy-specific. Note that precise
# positional calculations should generally use precastro and (indirectly)
# NOVAS.


[docs]def parang (hourangle, declination, latitude):
    """Calculate the parallactic angle of a sky position.

    Inputs and outputs are all in radians. Implementation adapted
    from GBTIDL parangle.pro."""

    return -np.arctan2 (-np.sin (hourangle),
                        np.cos (declination) * np.tan (latitude)
                        - np.sin (declination) * np.cos (hourangle))


# 2D Gaussian (de)convolution


[docs]def gaussian_convolve (maj1, min1, pa1, maj2, min2, pa2):
    """Arguments:

    maj1 - major axis of input Gaussian 1
    min1 - etc
    pa1  - Gaussian 1 PA in radians.
    maj2 - major axis of input Gaussian 2
    min2 -
    pa2  - Gaussian 1 PA in radians.

    Returns: (maj3, min3, pa3).

    Axes can be in any units so long as they're consistent.

    """
    # copied from miriad/src/subs/gaupar.for:gaufac()
    c1 = np.cos (pa1)
    s1 = np.sin (pa1)
    c2 = np.cos (pa2)
    s2 = np.sin (pa2)

    a = (maj1*c1)**2 + (min1*s1)**2 + (maj2*c2)**2 + (min2*s2)**2
    b = (maj1*s1)**2 + (min1*c1)**2 + (maj2*s2)**2 + (min2*c2)**2
    g = 2 * ((min1**2 - maj1**2) * s1 * c1 + (min2**2 - maj2**2) * s2 * c2)

    s = a + b
    t = np.sqrt ((a - b)**2 + g**2)
    maj3 = np.sqrt (0.5 * (s + t))
    min3 = np.sqrt (0.5 * (s - t))

    if abs (g) + abs (a - b) == 0:
        pa3 = 0.
    else:
        pa3 = 0.5 * np.arctan2 (-g, a - b)

    # "Amplitude of the resulting Gaussian":
    # f = pi / (4 * np.log (2)) * maj1 * min1 * maj2 * min2 \
    #    / np.sqrt (a * b - 0.25 * g**2)

    return maj3, min3, pa3



[docs]def gaussian_deconvolve (smaj, smin, spa, bmaj, bmin, bpa):
    """Deconvolve a source with regard to a PSF.

    smaj - source major axis.
    smin - source minor axis.
    spa  - source PA in radians.
    bmaj - beam/PSF major axis.
    bmin - beam/PSF minor axis.
    bpa  - beam/PSF PA in radians.

    Returns: (dmaj, dmin, dpa, status). Units are consistent with the inputs.
    `status` is one of 'ok', 'pointlike', 'fail'.

    Ideally if:

      tmaj, tmin, tpa, status = gaussian_deconvolve (cmaj, cmin, cpa, bmaj, bmin, bpa)

    then:

      cmaj, cmin, cpa = gaussian_convolve (tmaj, tmin, tpa, bmaj, bmin, bpa)

    Derived from miriad gaupar.for:GauDfac()

    We currently don't do a great job of dealing with pointlike sources. I've
    added extra code ensure smaj >= bmaj, smin >= bmin, and increased
    coefficient in front of "limit" from 0.1 to 0.5. Feel a little wary about
    that first change.

    """
    from numpy import cos, sin, sqrt, min, abs, arctan2

    if smaj < bmaj:
        smaj = bmaj
    if smin < bmin:
        smin = bmin

    alpha = ((smaj * cos (spa))**2 + (smin * sin (spa))**2 -
             (bmaj * cos (bpa))**2 - (bmin * sin (bpa))**2)
    beta = ((smaj * sin (spa))**2 + (smin * cos (spa))**2 -
            (bmaj * sin (bpa))**2 - (bmin * cos (bpa))**2)
    gamma = 2 * ((smin**2 - smaj**2) * sin (spa) * cos (spa) -
                 (bmin**2 - bmaj**2) * sin (bpa) * cos (bpa))

    s = alpha + beta
    t = sqrt ((alpha - beta)**2 + gamma**2)
    limit = 0.5 * min ([smaj, smin, bmaj, bmin])**2
    #limit = 0.1 * min ([smaj, smin, bmaj, bmin])**2
    status = 'ok'

    if alpha < 0 or beta < 0 or s < t:
        dmaj = dmin = dpa = 0

        if 0.5 * (s - t) < limit and alpha > -limit and beta > -limit:
            status = 'pointlike'
        else:
            status = 'fail'
    else:
        dmaj = sqrt (0.5 * (s + t))
        dmin = sqrt (0.5 * (s - t))

        if abs (gamma) + abs (alpha - beta) == 0:
            dpa = 0
        else:
            dpa = 0.5 * arctan2 (-gamma, alpha - beta)

    return dmaj, dmin, dpa, status


# Given astrometric properties of a source, predict its position *with
# uncertainties* at a given date through Monte Carlo simulations involving
# precastro.


_vizurl = 'http://vizier.u-strasbg.fr/viz-bin/asu-tsv'

[docs]def get_2mass_epoch (tmra, tmdec, debug=False):
    """Given a 2MASS ra/dec in radians, fetch the epoch when it was observed
    as an MJD."""
    from urllib2 import urlopen
    postdata = '''-mime=csv
-source=2MASS
-out=_q,JD
-c=%.6f %.6f
-c.eq=J2000''' % (tmra * R2D, tmdec * R2D)

    jd = None

    for line in urlopen (_vizurl, postdata):
        line = line.strip ()
        if debug:
            print ('D: 2M >>', line)

        if line.startswith ('1;'):
            jd = float (line[2:])

    if jd is None:
        import sys
        print ('warning: 2MASS epoch lookup failed; astrometry could be very wrong!',
               file=sys.stderr)
        return J2000

    return jd - 2400000.5



_simbadbase = 'http://simbad.u-strasbg.fr/simbad/sim-script?script='
_simbaditems = ('COO(d;A) COO(d;D) COO(E) COO(B) PM(A) PM(D) PM(E) PLX(V) PLX(E) '
                'RV(V) RV(E)').split ()

[docs]def get_simbad_astrometry_info (ident, items=_simbaditems, debug=False):
    from urllib import quote
    from urllib2 import urlopen

    s = '\\n'.join ('%s %%%s' % (i, i) for i in items)
    s = '''output console=off script=off
format object "%s"
query id %s''' % (s, ident)
    url = _simbadbase + quote (s)
    results = {}
    errtext = None

    for line in urlopen (url):
        line = line.strip ()
        if debug:
            print ('D: SA >>', line)

        if errtext is not None:
            errtext += line
        elif line.startswith ('::error'):
            errtext = ''
        elif len (line):
            k, v = line.split (' ', 1)
            results[k] = v

    if errtext is not None:
        raise Exception ('SIMBAD query error: ' + errtext)
    return results



[docs]class AstrometryInfo (object):
    """Holds astrometric data and their uncertainties, and can compute
    predicted positions with uncertainties.

    Fields:

    ra          - J2000 right ascension of the object, in radians
    dec         - J2000 declination of the object, in radians
    pos_u_maj   - Major axis of positional error ellipse, in radians
    pos_u_min   - Minor axis of positional error ellipse, in radians
    pos_u_pa    - Position angle of positional error ellipse, East from
                  North, in radians
    pos_epoch   - Epoch of position; that is, date when the position was
                  measured, as an MJD[TT].
    promo_ra    - Proper motion in right ascension, in mas/yr.
                  XXX: terminology for cos(delta) factor
    promo_dec   - Proper motion in declination, in mas/yr.
    promo_u_maj - Major axis of proper motion error ellipse, in mas/yr
    promo_u_min - Minor axis of proper motion error ellipse, in mas/yr
    promo_u_pa  - Position angle of proper motion error ellipse, East from
                  North, in radians
    parallax    - Parallax of the target, in mas.
    u_parallax  - Uncertainty in the parallax, in mas.
    vradial     - Radial velocity of the object, in km/s.
                  XXX: totally pointless?
    u_vradial   - Uncertainty in the radial velocity, in km/s.
                  XXX: totally pointless?

    Methods:

    fill_from_simbad (ident, debug=False) - does what it says
    verify(complain=True) - make sure fields are consistent and valid
    predict(mjd, complain=True) - predict position with uncertainty at given MJD
        returns (ra, dec, maj, min, pa), all in radians
    print_prediction(ptup) - prints prediction to stdout prettily
    """

    ra = None
    dec = None
    pos_u_maj = None
    pos_u_min = None
    pos_u_pa = None
    pos_epoch = None
    promo_ra = None
    promo_dec = None
    promo_u_maj = None
    promo_u_min = None
    promo_u_pa = None
    parallax = None
    u_parallax = None
    vradial = None
    u_vradial = None


    def __init__ (self, simbadident=None, **kwargs):
        if simbadident is not None:
            self.fill_from_simbad (simbadident)

        for k, v in kwargs.iteritems ():
            setattr (self, k, v)


    def _partial_info (self, val0, *rest):
        if not len (rest):
            return False

        first = val0 is None
        for v in rest:
            if (v is None) != first:
                return True
        return False


[docs]    def verify (self, complain=True):
        import sys

        if self.ra is None:
            raise ValueError ('AstrometryInfo missing "ra"')
        if self.dec is None:
            raise ValueError ('AstrometryInfo missing "dec"')

        if self._partial_info (self.promo_ra, self.promo_dec):
            raise ValueError ('partial proper-motion info in AstrometryInfo')

        if self._partial_info (self.pos_u_maj, self.pos_u_min, self.pos_u_pa):
            raise ValueError ('partial positional uncertainty info in AstrometryInfo')

        if self._partial_info (self.promo_u_maj, self.promo_u_min, self.promo_u_pa):
            raise ValueError ('partial proper-motion uncertainty info in AstrometryInfo')

        if self.pos_u_maj is None:
            if complain:
                print ('AstrometryInfo: no positional uncertainty info', file=sys.stderr)
        elif self.pos_u_maj < self.pos_u_min:
            # Based on experience with PM, this may be possible
            if complain:
                print ('AstrometryInfo: swapped positional uncertainty '
                       'major/minor axes', file=sys.stderr)
            self.pos_u_maj, self.pos_u_min = self.pos_u_min, self.pos_u_maj
            self.pos_u_pa += 0.5 * np.pi

        if self.promo_ra is None:
            if complain:
                print ('AstrometryInfo: assuming zero proper motion', file=sys.stderr)
        elif self.promo_u_maj is None:
            if complain:
                print ('AstrometryInfo: no uncertainty on proper motion', file=sys.stderr)
        elif self.promo_u_maj < self.promo_u_min:
            # I've seen this: V* V374 Peg
            if complain:
                print ('AstrometryInfo: swapped proper motion uncertainty '
                       'major/minor axes', file=sys.stderr)
            self.promo_u_maj, self.promo_u_min = self.promo_u_min, self.promo_u_maj
            self.promo_u_pa += 0.5 * np.pi

        if self.parallax is None:
            if complain:
                print ('AstrometryInfo: assuming zero parallax', file=sys.stderr)
        else:
            if self.parallax < 0.:
                raise ValueError ('negative parallax in AstrometryInfo')
            if self.u_parallax is None:
                if complain:
                    print ('AstrometryInfo: no uncertainty on parallax', file=sys.stderr)

        if self.vradial is None:
            pass # not worth complaining
        elif self.u_vradial is None:
            if complain:
                print ('AstrometryInfo: no uncertainty on v_radial', file=sys.stderr)

        return self # chain-friendly



[docs]    def predict (self, mjd, complain=True, n=20000):
        """Returns (ra, dec, major, minor, pa), all in radians. These are the
        predicted position of the object and its uncertainty at `mjd`. If
        `complain` is True, print out warnings for incomplete information. `n`
        is the number of Monte Carlo samples to draw for computing the
        positional uncertainty.

        """
        import precastro, sys
        from . import ellipses
        o = precastro.SiderealObject ()
        self.verify (complain=complain)

        # "Best" position.

        o.ra = self.ra
        o.dec = self.dec

        if self.pos_epoch is not None:
            o.promoepoch = self.pos_epoch + 2400000.5
        else:
            if complain:
                print ('AstrometryInfo.predict(): assuming epoch of '
                       'position is J2000.0', file=sys.stderr)
            o.promoepoch = 2451545.0 # J2000.0

        if self.promo_ra is not None:
            o.promora = self.promo_ra
            o.promodec = self.promo_dec
        if self.parallax is not None:
            o.parallax = self.parallax
        if self.vradial is not None:
            o.vradial = self.vradial

        bestra, bestdec = o.astropos (mjd + 2400000.5)

        # Monte Carlo to get an uncertainty. As always, astronomy position
        # angle convention requires that we treat declination as X and RA as
        # Y. First, we check sanity and generate randomized parameters:

        if self.pos_u_maj is None and self.promo_u_maj is None and self.u_parallax is None:
            if complain:
                print ('AstrometryInfo.predict(): no uncertainties '
                       'available; cannot Monte Carlo!', file=sys.stderr)
            return (bestra, bestdec, 0., 0., 0.)

        if self.pos_u_maj is not None:
            sd, sr, cdr = ellipses.ellbiv (self.pos_u_maj, self.pos_u_min, self.pos_u_pa)
            decs, ras = ellipses.bivrandom (self.dec, self.ra, sd, sr, cdr, n).T
        else:
            ras = np.zeros (n) + self.ra
            decs = np.zeros (n) + self.dec

        if self.promo_ra is None:
            pmras = np.zeros (n)
            pmdecs = np.zeros (n)
        elif self.promo_u_maj is not None:
            sd, sr, cdr = ellipses.ellbiv (self.promo_u_maj, self.promo_u_min, self.promo_u_pa)
            pmdecs, pmras = ellipses.bivrandom (self.promo_dec, self.promo_ra, sd, sr, cdr, n).T
        else:
            pmras = np.zeros (n) + self.promo_ra
            pmdecs = np.zeros (n) + self.promo_dec

        if self.parallax is None:
            parallaxes = np.zeros (n)
        elif self.u_parallax is not None:
            parallaxes = np.random.normal (self.parallax, self.u_parallax, n)
        else:
            parallaxes = np.zeros (n) + self.parallax

        if self.vradial is not None:
            vradials = np.random.normal (self.vradial, self.u_vradial, n)
        else:
            vradials = np.zeros (n)

        # Now we compute the positions and summarize as an ellipse:

        results = np.empty ((n, 2))

        for i in xrange (n):
            o.ra = ras[i]
            o.dec = decs[i]
            o.promora = pmras[i]
            o.promodec = pmdecs[i]
            o.parallax = parallaxes[i]
            o.vradial = vradials[i]

            ara, adec = o.astropos (mjd + 2400000.5)
            results[i] = adec, ara

        maj, min, pa = ellipses.bivell (*ellipses.databiv (results))

        # All done.

        return bestra, bestdec, maj, min, pa



    def print_prediction (self, ptup, precision=2):
        """The argument is the tuple returned by predict(). Prints it to stdout."""
        from . import ellipses
        bestra, bestdec, maj, min, pa = ptup

        f = ellipses.sigmascale (1)
        maj *= R2A
        min *= R2A
        pa *= R2D

        print ('position =', fmtradec (bestra, bestdec, precision=precision))
        print ('err(1σ)  = %.*f" × %.*f" @ %.0f°' % (precision, maj * f, precision,
                                                     min * f, pa))


[docs]    def fill_from_simbad (self, ident, debug=False):
        """Fills in astrometric information based on Simbad/Sesame. Returns `self`.

        """
        import sys
        info = get_simbad_astrometry_info (ident, debug=debug)
        posref = 'unknown'

        for k, v in info.iteritems ():
            if '~' in v:
                continue # no info

            if k == 'COO(d;A)':
                self.ra = float (v) * D2R
            elif k == 'COO(d;D)':
                self.dec = float (v) * D2R
            elif k == 'COO(E)':
                a = v.split ()
                self.pos_u_maj = float (a[0]) * A2R * 1e-3 # mas -> rad
                self.pos_u_min = float (a[1]) * A2R * 1e-3
                self.pos_u_pa = float (a[2]) * D2R
            elif k == 'COO(B)':
                posref = v
            elif k == 'PM(A)':
                self.promo_ra = float (v) # mas/yr
            elif k == 'PM(D)':
                self.promo_dec = float (v) # mas/yr
            elif k == 'PM(E)':
                a = v.split ()
                self.promo_u_maj = float (a[0]) # mas/yr
                self.promo_u_min = float (a[1])
                self.promo_u_pa = float (a[2]) * D2R # rad!
            elif k == 'PLX(V)':
                self.parallax = float (v) # mas
            elif k == 'PLX(E)':
                self.u_parallax = float (v) # mas
            elif k == 'RV(V)':
                self.vradial = float (v) # km/s
            elif k == 'RV(E)':
                self.u_vradial = float (v) #km/s

        if self.ra is None:
            raise Exception ('no position returned by Simbad for "%s"' % ident)
        if self.u_parallax == 0:
            self.u_parallax = None
        if self.u_vradial == 0:
            self.u_vradial = None

        # Get the right epoch of position for 2MASS positions

        if posref == '2003yCat.2246....0C':
            self.pos_epoch = get_2mass_epoch (self.ra, self.dec, debug)

        return self # eases chaining



    def __unicode__ (self):
        self.verify (complain=False)
        a = []
        a.append (u'Position: ' + fmtradec (self.ra, self.dec))
        if self.pos_u_maj is None:
            a.append (u'No uncertainty info for position.')
        else:
            a.append (u'Pos. uncert: %.3f" × %.3f" @ %.0f°' %
                      (self.pos_u_maj * R2A, self.pos_u_min * R2A,
                       self.pos_u_pa * R2D))
        if self.pos_epoch is None:
            a.append (u'No epoch of position.')
        else:
            a.append (u'Epoch of position: MJD %.3f' % self.pos_epoch)
        if self.promo_ra is None:
            a.append (u'No proper motion.')
        else:
            a.append (u'Proper motion: %.3f, %.3f mas/yr' % (self.promo_ra, self.promo_dec))
        if self.promo_u_maj is None:
            a.append (u'No uncertainty info for proper motion.')
        else:
            a.append (u'Promo. uncert: %.1f × %.1f mas/yr @ %.0f°' %
                      (self.promo_u_maj, self.promo_u_min,
                       self.promo_u_pa * R2D))
        if self.parallax is None:
            a.append (u'No parallax information.')
        elif self.u_parallax is not None:
            a.append (u'Parallax: %.1f ± %.1f mas' % (self.parallax, self.u_parallax))
        else:
            a.append (u'Parallax: %.1f mas, unknown uncert.' % self.parallax)
        if self.vradial is None:
            a.append (u'No radial velocity information.')
        elif self.u_vradial is not None:
            a.append (u'Radial velocity: %.2f ± %.2f km/s' % (self.vradial, self.u_vradial))
        else:
            a.append (u'Radial velocity: %.1f km/s, unknown uncert.' % self.vradial)
        return u'\n'.join (a)


    __str__ = unicode_to_str
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  Source code for pwkit.tinifile

# -*- mode: python; coding: utf-8 -*-
# Copyright 2013-2014 Peter Williams <peter@newton.cx> and collaborators.
# Licensed under the MIT License.

"""pwkit.tinifile - Dealing with typed ini-format files full of measurements.

Functions:

read
  Generate :class:`pwkit.Holder` instances of measurements from an ini-format file.
write
  Write :class:`pwkit.Holder` instances of measurements to an ini-format file.
read_stream
  Lower-level version; only operates on streams, not path names.
write_stream
  Lower-level version; only operates on streams, not path names.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'read_stream read write_stream write').split ()

from . import Holder, inifile, msmt


def _parse_one (old):
    new = {}

    for name, value in old.__dict__.iteritems ():
        if name == 'section':
            new[name] = value
            continue

        a = name.rsplit (':', 1)
        if len (a) == 1:
            a.append ('s')
        shname, typetag = a
        new[shname] = msmt.parsers[typetag] (value)

    return Holder (**new)


def read_stream (stream, **kwargs):
    for unparsed in inifile.read_stream (stream, **kwargs):
        yield _parse_one (unparsed)


def read (stream_or_path, **kwargs):
    for unparsed in inifile.read (stream_or_path, **kwargs):
        yield _parse_one (unparsed)


def _format_many (holders, defaultsection, extrapos, digest):
    # We need to handle defaultsection here, and not just leave it to inifile,
    # so that we can get consistent digest computation.

    for old in holders:
        s = old.get ('section', defaultsection)
        if s is None:
            raise ValueError ('cannot determine section name for item <%s>' % old)
        new = {'section': s}

        if digest is not None:
            digest.update ('s')
            digest.update (s)

        for name in sorted (x for x in old.__dict__.iterkeys () if x != 'section'):
            value = old.get (name)
            if value is None:
                continue

            typetag, ftext, is_imprecise = msmt.fmtinfo (value)
            lname = name
            if len (typetag):
                if is_imprecise and name in extrapos and typetag in ('u', 'f'):
                    typetag = 'P' + typetag
                lname += ':' + typetag
            itext = ' # imprecise' if is_imprecise else ''
            new[lname] = ftext + itext

            if digest is not None:
                digest.update ('k')
                digest.update (name)
                digest.update (typetag)
                digest.update ('v')
                if is_imprecise:
                    digest.update ('<impreciseval>')
                else:
                    digest.update (ftext)

        yield Holder (**new)


[docs]def write_stream (stream, holders, defaultsection=None, extrapos=(), sha1sum=False, **kwargs):
    """`extrapos` is basically a hack for multi-step processing. We have some flux
    measurements that are computed from luminosities and distances. The flux
    value is therefore an unwrapped Uval, which doesn't retain memory of any
    positivity constraint it may have had. Therefore, if we write out such a
    value using this routine, we may get something like `fx:u = 1pm1`, and the
    next time it's read in we'll get negative fluxes. Fields listed in
    `extrapos` will have a "P" constraint added if they are imprecise and
    their typetag is just "f" or "u".

    """
    if sha1sum:
        import hashlib
        sha1 = hashlib.sha1 ()
    else:
        sha1 = None

    inifile.write_stream (stream,
                          _format_many (holders, defaultsection, extrapos, sha1),
                          defaultsection=defaultsection,
                          **kwargs)

    if sha1sum:
        return sha1.digest ()



def write (stream_or_path, holders, defaultsection=None, extrapos=(),
           sha1sum=False, **kwargs):
    if sha1sum:
        import hashlib
        sha1 = hashlib.sha1 ()
    else:
        sha1 = None

    inifile.write (stream_or_path,
                   _format_many (holders, defaultsection, extrapos, sha1),
                   defaultsection=defaultsection,
                   **kwargs)

    if sha1sum:
        return sha1.digest ()
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  Source code for pwkit.data_gui_helpers

# -*- mode: python; coding: utf-8 -*-
# Copyright 2012-2014 Peter Williams <peter@newton.cx> and collaborators
# Licensed under the MIT License.

"""pwkit.data_gui_helpers - helpers for GUIs looking at data arrays

Classes:

Clipper      - Map data into [0,1]
ColorMapper  - Map data onto RGB colors using `pwkit.colormaps`
Stretcher    - Map data within [0,1] using a stretch like sqrt, etc.

Functions:

data_to_argb32       - Turn arbitrary data values into ARGB32 colors.
data_to_imagesurface - Turn arbitrary data values into a Cairo ImageSurface.

"""
from __future__ import absolute_import, division, print_function, unicode_literals

__all__ = (b'data_to_argb32 Clipper ColorMapper LazyComputer Stretcher').split ()

import numpy as np

from . import colormaps


DEFAULT_TILESIZE = 128

class LazyComputer (object):
    buffer = None
    tilesize = None
    valid = None

    def set_buffer (self, buffer):
        self.buffer = buffer
        return self


    def alloc_buffer (self, template):
        if np.ma.is_masked (template):
            self.buffer = np.ma.empty (template.shape)
            self.buffer.mask = template.mask
        else:
            self.buffer = np.empty (template.shape)
        return self


    def set_tile_size (self, tilesize=DEFAULT_TILESIZE):
        self.tilesize = tilesize
        h, w = self.buffer.shape
        nxt = (w + tilesize - 1) // tilesize
        nyt = (h + tilesize - 1) // tilesize
        self.valid = np.zeros ((nyt, nxt))
        return self


    def ensure_region_updated (self, data, xoffset, yoffset, width, height):
        ts = self.tilesize
        buf = self.buffer
        valid = self.valid
        func = self._make_func (np.ma.is_masked (data))

        tilej = xoffset // ts
        tilei = yoffset // ts
        nxt = (xoffset + width + ts - 1) // ts - tilej
        nyt = (yoffset + height + ts - 1) // ts - tilei

        tyofs = tilei
        pyofs = tilei * ts

        for i in xrange (nyt):
            txofs = tilej
            pxofs = tilej * ts

            for j in xrange (nxt):
                if not valid[tyofs,txofs]:
                    func (data[pyofs:pyofs+ts,pxofs:pxofs+ts],
                          buf[pyofs:pyofs+ts,pxofs:pxofs+ts])
                    valid[tyofs,txofs] = 1

                pxofs += ts
                txofs += 1
            pyofs += ts
            tyofs += 1

        return self


    def ensure_all_updated (self, data):
        return self.ensure_region_updated (data, 0, 0, data.shape[1], data.shape[0])


    def invalidate (self):
        self.valid.fill (0)
        return self


class Clipper (LazyComputer):
    dmin = None
    dmax = None

    def default_bounds (self, data):
        dmin, dmax = data.min (), data.max ()

        if not np.isfinite (dmin):
            dmin = data[np.ma.where (np.isfinite (data))].min ()
        if not np.isfinite (dmax):
            dmax = data[np.ma.where (np.isfinite (data))].max ()

        self.dmin = dmin
        self.dmax = dmax
        return self


    def _make_func (self, ismasked):
        dmin = self.dmin
        scale = 1. / (self.dmax - dmin)

        if ismasked:
            def func (src, dest):
                np.subtract (src, dmin, dest)
                np.multiply (dest, scale, dest)
                np.clip (dest, 0, 1, dest)
                dest.mask[:] = src.mask
        else:
            def func (src, dest):
                np.subtract (src, dmin, dest)
                np.multiply (dest, scale, dest)
                np.clip (dest, 0, 1, dest)

        return func


[docs]class Stretcher (LazyComputer):
    """Assumes that its inputs are in [0, 1]. Maps its outputs to the same
    range.

    """

    def passthrough (src, dest):
        dest[:] = src

    modes = {
        'linear': passthrough,
        'sqrt': np.sqrt,
        'square': np.square,
    }

    def __init__ (self, mode):
        if mode not in self.modes:
            raise ValueError ('unrecognized Stretcher mode %r', mode)

        self.mode = mode

    def _make_func (self, ismasked):
        return self.modes[self.mode]



class ColorMapper (LazyComputer):
    mapper = None

    def __init__ (self, mapname):
        if mapname is not None:
            self.mapper = colormaps.factory_map[mapname] ()


    def alloc_buffer (self, template):
        self.buffer = np.empty (template.shape, dtype=np.uint32)
        self.buffer.fill (0xFF000000)
        return self


    def _make_func (self, ismasked):
        mapper = self.mapper

        if not ismasked:
            def func (src, dest):
                mapped = mapper (src)
                dest.fill (0xFF000000)
                effscratch = (mapped[:,:,0] * 0xFF).astype (np.uint32)
                np.left_shift (effscratch, 16, effscratch)
                np.bitwise_or (dest, effscratch, dest)
                effscratch = (mapped[:,:,1] * 0xFF).astype (np.uint32)
                np.left_shift (effscratch, 8, effscratch)
                np.bitwise_or (dest, effscratch, dest)
                effscratch = (mapped[:,:,2] * 0xFF).astype (np.uint32)
                np.bitwise_or (dest, effscratch, dest)
        else:
            scratch2 = np.zeros ((self.tilesize, self.tilesize), dtype=np.uint32)

            def func (src, dest):
                effscratch2 = scratch2[:dest.shape[0],:dest.shape[1]]
                mapped = mapper (src)

                dest.fill (0xFF000000)
                effscratch = (mapped[:,:,0] * 0xFF).astype (np.uint32)
                np.left_shift (effscratch, 16, effscratch)
                np.bitwise_or (dest, effscratch, dest)
                effscratch = (mapped[:,:,1] * 0xFF).astype (np.uint32)
                np.left_shift (effscratch, 8, effscratch)
                np.bitwise_or (dest, effscratch, dest)
                effscratch = (mapped[:,:,2] * 0xFF).astype (np.uint32)
                np.bitwise_or (dest, effscratch, dest)

                np.invert (src.mask, effscratch2)
                np.multiply (dest, effscratch2, dest)

        return func


[docs]def data_to_argb32 (data, cmin=None, cmax=None, stretch='linear', cmap='black_to_blue'):
    """Turn arbitrary data values into ARGB32 colors.

    There are three steps to this process: clipping the data values to a
    maximum and minimum; stretching the spacing between those values; and
    converting their amplitudes into colors with some kind of color map.

    `data`    - Input data; can (and should) be a MaskedArray if some values are
                invalid.
    `cmin`    - The data clip minimum; all values <= cmin are treated
                identically. If None (the default), `data.min ()` is used.
    `cmax`    - The data clip maximum; all values >= cmax are treated
                identically. If None (the default), `data.max ()` is used.
    `stretch` - The stretch function name; 'linear', 'sqrt', or 'square'; see
                the Stretcher class.
    `cmap`    - The color map name; defaults to 'black_to_blue'. See the
                `pwkit.colormaps` module for more choices.

    Returns a Numpy array of the same shape as `data` with dtype `np.uint32`,
    which represents the ARGB32 colorized version of the data. If your
    colormap is restricted to a single R or G or B channel, you can make color
    images by bitwise-or'ing together different such arrays.

    """
    # This could be more efficient, but whatever. This lets us share code with
    # the ndshow module.

    clipper = Clipper ()
    clipper.alloc_buffer (data)
    clipper.set_tile_size ()
    clipper.dmin = cmin if cmin is not None else data.min ()
    clipper.dmax = cmax if cmax is not None else data.max ()
    clipper.ensure_all_updated (data)

    stretcher = Stretcher (stretch)
    stretcher.alloc_buffer (clipper.buffer)
    stretcher.set_tile_size ()
    stretcher.ensure_all_updated (clipper.buffer)

    mapper = ColorMapper (cmap)
    mapper.alloc_buffer (stretcher.buffer)
    mapper.set_tile_size ()
    mapper.ensure_all_updated (stretcher.buffer)

    return mapper.buffer



def data_to_imagesurface (data, **kwargs):
    """Turn arbitrary data values into a Cairo ImageSurface.

    The method and arguments are the same as data_to_argb32, except that the
    data array will be treated as 2D, and higher dimensionalities are not
    allowed. The return value is a Cairo ImageSurface object.

    Combined with the write_to_png() method on ImageSurfaces, this is an easy
    way to quickly visualize 2D data.

    """
    import cairo

    data = np.atleast_2d (data)
    if data.ndim != 2:
        raise ValueError ('input array may not have more than 2 dimensions')

    argb32 = data_to_argb32 (data, **kwargs)

    format = cairo.FORMAT_ARGB32
    height, width = argb32.shape
    stride = cairo.ImageSurface.format_stride_for_width (format, width)

    if argb32.strides[0] != stride:
        raise ValueError ('stride of data array not compatible with ARGB32')

    return cairo.ImageSurface.create_for_data (argb32, format,
                                               width, height, stride)





          

      

      

    


    
        © Copyright 2015, Peter K. G. Williams and collaborators.
      Created using Sphinx 1.3.1.
    

  

