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Documentation Overview

Welcome to the documentation of cQuery v0.2.2.
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Overview

cQuery implements a decentralised method of querying file-system contents using “selectors” within a library for Python and a command-line interface.

$ cquery search .Asset
/path/to/asset1
/path/to/asset2
/path/to/asset3






How it works

Given a directory such as:

$ /projects/spiderman/assets/Peter





cQuery answers the questions:



	What is my Asset?

	What is my Project?

	What rigs do I have?

	Am I Orange?

	How many shaders do I contain?









Quick example

Here is how it might look when tagging and querying a content hierarchy for a feature animation project.

$ cd MyAsset
$ cquery tag .Asset
$ cquery search .Asset
/path/to/MyAsset








Decentralised

The traditional method of identifying content on a file-system is via keys and maps. E.g. a database stores a key along with an associated path in a map. The path can then be looked up through the map via key.

$ query MyKey
$ /path/to/corresponding_content





This means that all keys are stored in one spot, the map, and all content stored elsewhere, the file-system. cQuery joins maps with content in an effort to eliminate this separation and in so doing eliminates many of the added responsibilities such as synchronisation and increased barrier-to-entry.




Selectors

The idea of selectors are adopted from CSS3 and its use in jQuery (from which the name cQuery was derived). jQuery allows users to operate on the Document Object Model, or DOM, using CSS3 selectors to locate the appropriate Nodes. Similarly, cQuery operates on the Content Object Model, or COM, using CSS3 selectors to locate the appropriate folders.




Up or Down

Starting from a root directory, a query can either be made up or down. To find descending matches of a given directory, you would use DOWN. To instead query for ascending matches, you would use UP. To query one-self only, you would use NONE.

Here is how that might look when used in Python:

>>> # Find the associated project of the asset Peter
>>> first_match("/projects/spiderman/assets/Peter",
...             selector='.Project', direction=UP)
>>>
>>> # Find all textures
>>> for match in matches("/projects/spiderman/assets/Peter",
...             selector='.Texture', direction=DOWN):
...     print match
>>>
>>> # Is this asset a Hero?
>>> True if first_match("/projects/spiderman/assets/Peter",
...                     selector='.Hero', direction=NONE) else False








Architecture

cQuery works upon directories tagged with metadata to indicate its class, ID or name. The tagged directories may then be queried, either from outside a hierarchy looking in or from within a hierarchy looking out.

For tagging, cQuery uses the Open Metadata specification [1], the process is simple - for each subdirectory within a directory, recursively look for a file by name stored within the Open Metadata container. If a match is found, return the absolute path to said directory. The name of this file is the “selector” argument of your query.




Performance

cQuery operates on the hard-drive and is a seek-only algorithm and as such doesn’t perform any reads. Despite this however, disk-access is (seemingly) the prime bottle-neck. A cQuery prototype has been implemented in both Python and Go for performance comparisons, here are some results:

Python

# Scanning a hierarchy of 3601 items
# 1 queries, 7 matches in 1.494072 seconds
# 1 queries, 7 matches in 1.480471 seconds
# 1 queries, 7 matches in 1.477589 seconds
#   Average time/query: 1.484044 seconds

# Scanning a hierarchy of 47715 items
# 1 queries, 14 matches in 19.888399 seconds
# 1 queries, 14 matches in 20.078811 seconds
# 1 queries, 14 matches in 19.879660 seconds
#   Average time/query: 19.948957 seconds





Go

# Scanning a hierarchy of 3601 items
# 1 queries, 7 matches in 1.425702 seconds
# 1 queries, 7 matches in 1.420373 seconds
# 1 queries, 7 matches in 1.419541 seconds
#   Average time/query: 1.421872 seconds

# Scanning a hierarchy of 47715 items
# 1 queries, 14 matches in 18.015012 seconds
# 1 queries, 14 matches in 17.951607 seconds
# 1 queries, 14 matches in 17.994924 seconds
#   Average time/query: 17.987181 seconds





For some more encouraging results in file-system search and indexing, here are some resources:


	http://www.voidtools.com/

	http://rlocate.sourceforge.net/

	http://www.lesbonscomptes.com/recoll/

	http://grothoff.org/christian/doodle/

	http://xapian.org/






Roadmap

There are currently two mutually exclusive goals of cQuery. One is to fully implement the DOM as it exists in Javascript and XML. The DOM closely resembles that of a file-system and has undergone vast amounts of research and development in an effort to find the best method of traversing it. The other is for the development of cQuery to focus its efforts on CSS3-style selectors exclusively, making it much more nimble and easier to maintain.

If cQuery is not the place for a full implementation of the DOM, another project will take its place shortly.




	[1]	For more information on Open Metadata, see here https://github.com/abstractfactory/openmetadata
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Quickstart

This page will guide you through setting up cQuery and running your first query. If you experience any problems here or are looking for more information about each step, head on the the Tutorial for a full overview or Example to experience a demo project.


Install

$ pip install cquery






Note

cQuery is a pure-Python library and as such will require an installation of Python [http://python.org].




Note

cQuery has been tested on Python 2.7.7 on Windows 8.1 and Ubuntu 13.01






Some Content

$ cd c:/projects
$ mkdir spiderman/assets/Peter
$ mkdir spiderman/assets/Goblin

$ mkdir spiderman/shots/1000
$ mkdir spiderman/shots/2000








Tag


Note

cQuery ships with an executable. On Windows, you may have to add the Python27\scripts directory to your PATH.



$ cd spiderman/assets
$ cquery tag .Asset --root=Peter
$ cquery tag .Asset --root=Goblin
$ cd ../shots
$ cquery tag .Shot --root=1000
$ cquery tag .Shot --root=2000








Query

$ cd ..
$ cd ..
$ cquery search .Asset
c:/projects/spiderman/assets/Peter
c:/projects/spiderman/assets/Goblin





And that’s it. Now you can tag and query via the command-line.




Python

From Python, you could query like this:

import os

import cquery
for match in cquery.matches(os.getcwd(), selector='.Asset'):
    print match





Next we’ll have a look at a more thorough version of this quickstart.
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Tutorial


Note

Much of the below in in the works. Keep tabs on the github repository [https://github.com/abstractfactory/cquery] for more immediate updates or if you’re interested in collaborating.



This page is meant as a more thourough version of the Quickstart. If you haven’t been through it yet, it is recommended that you do so before proceeding.


Process

cQuery is simple and depends on as little knowledge and setup as possible. As such, to get started with cQuery there are three steps to fulfill:


	Install cQuery

	Tag content

	Query content



Once set up, a more general workflow may look like this:


	Tag content

	Query content






Installation

To get started, install cQuery like this:




Content

cQuery is designed to work with tens of millions of subdirectories but for the purposes of this tutorial, let’s stick with a minimal set of possible matches.

$ cd c:/projects
$ mkdir spiderman/assets/Peter
$ mkdir spiderman/assets/Goblin

$ mkdir spiderman/shots/1000
$ mkdir spiderman/shots/2000








Advanced


Note

The following is on the roadmap for cQuery but isn’t part of it yet. We are looking for contributors interested in file-based search optimisations - if that’s you, contact us. If you know anyone, spread the word.



cQuery is designed to facilitate very large content hierarchies (> 20 million individual directories) and as such provides a few alternatives for optimisation.


No Optimisations

Per default, cQuery is designed to work out-of-the-box with little or no setup. This means making every query live and will in some cases be cause for a noticable slowdown depending on the amount of directories are involved in a query. For upwards queries, this is usually not noticeable (~0.001s/level) but downwards queries could potentially touch millions of targets and as such may take several minutes to complete.




Local Daemon

The simplest level of optimisation is one that indexes results during a query. Once a query has been performed, the results are stored in the currently running process and help speed up subsequent queries.




Dedicated Daemon

The next level of optimistation involves running a dedicated daemon that performs an either live, at a fixed interval or at events. The dedicated daemon has the advantage of being persistent across runs and facilitating a multi-user setup.




Central Deamon

Finally, the central deamon, like the dedicated daemon, is persistent but as opposed to the dedicated deamon the central daemon facilitates a multi-user/multi-site usage.
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Example

A project-based example of cQuery - Building a simple publishing tool.


What is publishing?

Et etc.




Requirements




Implementation
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Reference

cQuery consists of a single function: cquery.matches() and takes at least two arguments: a root and selector. The root determines from where within a hierarchy to start a query whereas the selector determines what to query for. Additional functions are either helpers
or conveinence measures.







	matches
	Yield matches at absolute path root for selector selector given the direction direction.


	first_match
	Convenience function for returning a first match from matches().


	convert
	Convert CSS3 selector selector into compatible file-path






cquery.lib

cQuery - Content Object Model traversal.


	
cquery.lib.CONTAINER

	str

Metadata storage prefix
Metadata associated with directories are prefixed
with a so-called “container”. In Open Metadata land, this means an
additional directory by the name of ~openmetadata.Path.CONTAINER






	
cquery.lib.UP

	flag

Search direction
A flag for cquery.matches() specifying that the content
traversal should proceed up from the root directory. Use this to
retrieve a hierarchy of matches.






	
cquery.lib.DOWN

	flag

Search direction
The opposite of the above UP. Use this to retrieve
multiple matches within a given hierarchy, located under root






	
cquery.lib.matches(root, selector, direction=4, depth=-1)[source]

	Yield matches at absolute path root for selector selector
given the direction direction.

When looking for a first match only, use first_match()





	Parameters:	
	root (str) – Absolute path from which where to start looking

	selector (str) – CSS3-compliant selector, e.g. ”.Asset”

	direction (enum, optional) – Search either up or down a hierarchy

	depth (int) – Depth of traversal; a value of -1 means infinite






	Yields:	path (str) –
Absolute path of next match.








	
cquery.lib.errors

	Collection of errors occured during os.walk (NotImplemented)









	Raises:	OSError –
ENOTDIR is raised if path root is not a directory





Example

>>> import os
>>> paths = list()
>>> for match in matches(os.getcwd(), ".Asset"):
...     paths.append(match)










	
cquery.lib.first_match(root, selector, direction=4, depth=-1)[source]

	Convenience function for returning a first match from matches().





	Parameters:	
	root (str) – Absolute path from which where to start loo

	selector (str) – CSS-style selector, e.g. .Asset

	direction (enum) – Search either up or down a hierarchy






	Returns:	path –
Absolute path if successful, None otherwise.




	Return type:	str







Example

>>> import os
>>> path = first_match(os.getcwd(), ".Asset")










	
cquery.lib.convert(selector)[source]

	Convert CSS3 selector selector into compatible file-path





	Parameters:	selector (str) – CSS3 selector, e.g. .Asset


	Returns:	Resolved selector


	Return type:	str





Example:

$ .Asset  --> Asset.class
$ #MyId   --> MyId.id












cquery.cli

cQuery command-line interface


	
cquery.cli.main()

	A group allows a command to have subcommands attached.  This is the
most common way to implement nesting in Click.





	Parameters:	commands – a dictionary of commands.
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Schemaless

cQuery for schemaless directory structures


Why Schemaless?

cQuery doesn’t solve the issues surrounding data-modeling. When defining a schema, you map a digital landscape onto metaphors more easily understood than their digital counterpart. You then build tools upon this map, with the intent that the landscape rarely, ideally never, changes. Although this works and has worked for a long time, change is inevitable and schemas simply doesn’t cope all that well with it - i.e. a change to a schema, depending on its magnitude, may well break your tools.

Again, cQuery doesn’t solve this issue, data-modeling is inherently a human problem, not a technical one. What cQuery does however is move the barrier at which change starts to affect the work you build upon it so that you are free to start building long before you know how your digital landscape will end up looking.

Generally, there is a direct analogy between a schemaless style and dynamically typed languages. And as with such languages, it is extra important to explicitly document the definition, motivation and purpose of each decision made. What cQuery allows you to do is to move this decision-making process onto a later stage. As they say, procrastination leads to wiser decisions.


	See also

	
	Data and Reality, Kent [http://www.amazon.co.uk/Data-Reality-Perspective-Perceiving-Information/dp/1935504215]

	Managing Data in Motion, Reeve [http://www.amazon.co.uk/Managing-Data-Motion-Technologies-Intelligence/dp/0123971675/ref=sr_1_1?s=books&ie=UTF8&qid=1403708380&sr=1-1&keywords=Managing+Data+in+Motion]

	Data Modeling Essentials, 3rd ed., Graeme [http://www.amazon.co.uk/Modeling-Essentials-Kaufmann-Management-Systems/dp/0126445516/ref=sr_1_1?s=books&ie=UTF8&qid=1403708358&sr=1-1&keywords=Data+Modeling+Essentials]

	http://martinfowler.com/articles/schemaless/










Motivation

Traditionally, prior to commencing a new project, you would spend a little time on figuring out an appropriate directory structure to encapsulate the data this project will generate. Something like:

o project
  o- assets
     o- peterparker
     o- loislane
  o- shots
     o- 1000
     o- 2000
     o- 3000
     o- 4000





Upon which you then set out to build your tools. But what if your next project also features sequences, or levels? What if the hierarchy is located on a Unix-drive or a network share depending on which computer accesses the data? The number of variables upon venturing out on any projects can never be assumed and will continuously change and the work you build on-top will have to facilitate this change.
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Glossary


	schema

	Terminology borrowed from the database industry, a schema is merely a pre-defined convention for storing data and may be as simple as a verbal agreement to store all images under /img or assets under /projects/assets.
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Roadmap

We aim cQuery to be suitable for content hierarchies of any depth and width at a minimum of 10 queries/second. cQuery should work without any setup and may additionally be set up with an indexing daemon. The daemon would either run locally or remotely and maintain a live representation of either all or pre-defined hierarchies. The daemon would optimise common queries. It should be possible to query via the daemon directly, so as to allow the daemon to persist the entire index in-memory for additional performance gain.
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  Source code for cquery.lib

"""cQuery - Content Object Model traversal.

Attributes:
  CONTAINER (str): Metadata storage prefix
    Metadata associated with directories are prefixed
    with a so-called "container". In Open Metadata land, this means an
    additional directory by the name of `~openmetadata.Path.CONTAINER`

  UP (flag): Search direction
    A flag for :func:`cquery.matches` specifying that the content
    traversal should proceed up from the `root` directory. Use this to
    retrieve a hierarchy of matches.

  DOWN (flag): Search direction
    The opposite of the above UP. Use this to retrieve
    multiple matches within a given hierarchy, located under `root`

"""

import os
import errno

__all__ = [
    'NONE',
    'UP',
    'DOWN',
    'tag',
    'detag',
    'matches',
    'qualify',
    'has_class',
    'has_id',
    'first_match',
    'convert',
    'TagExists',
    'RootExists',
    'CONTAINER'
]

# As per the Open Metadata RFC
# http://rfc.abstractfactory.io/spec/10/
CONTAINER = ".meta"

# Directions
NONE = 1 << 0
UP = 1 << 1
DOWN = 1 << 2


class TagExists(OSError):
    """Raised when a selector either exists or does not exist"""


class RootExists(OSError):
    """Raised when a root either exists or does not exist"""


def has_class(root, selector):
    """Test absolute path `root` for class `selector`

    Returns:
        True if `root` has been tagged with class `selector` else False

    """

    return True if first_match(root, selector) is not None else False


def has_id(root, selector):
    """Test absolute path `root` for id `selector`

    Returns:
        True if `root` has been tagged with id `selector` else False

    """

    return True if first_match(root, selector) is not None else False


def tag(root, selector):
    """Tag absolute path `root` with selector `selector`

    This function physically tags a directory with metadata
    relevant for queries.

    Arguments:
        root (str): Absolute path at which to write
        selector (str): CSS3-compliant selector

    Returns:
        status (bool): True if success

    Raises:
        TagExists: If selector `selector` already exists.
        RootExists: If root does not exist

    Example:
        >>> import tempfile
        >>> root = tempfile.mkdtemp()
        >>> tag(root, ".User")
        True
        >>> detag(root, ".User")
        True

    """

    selector = convert(selector)

    if not os.path.exists(root):
        raise RootExists("{} did not exist".format(root))

    container = os.path.join(root, CONTAINER)
    if not os.path.exists(container):
        os.makedirs(container)

    path = os.path.join(container, selector)

    # Use os.open() as opposed to __builtin__.open()
    # due to support for low-level flags. This only
    # creates a new file if no file already exists.
    try:
        f = os.open(path, os.O_CREAT | os.O_EXCL)
        os.close(f)
    except OSError as e:
        if e.errno == errno.EEXIST:
            raise TagExists("%s already exists." % selector)
        raise

    return True


def detag(root, selector):
    """Detag selector `selector` from absolute path `root`

    This function is the inverse of :func:`tag` and in effect
    removes a tag from the given directory.

    Precondition:
        Selector must exists within root

    Returns:
        status (bool): True if successful, False otherwise

    Raises:
        TagExist: If selector `selector` at absolute path `root`
            does not exists.

    Example:
        >>> import tempfile
        >>> root = tempfile.mkdtemp()
        >>> tag(root, ".User")
        True
        >>> detag(root, ".User")
        True

    """

    if not os.path.exists(root):
        raise RootExists("Root did not exist")

    selector = convert(selector)

    container = os.path.join(root, CONTAINER)
    path = os.path.join(container, selector)

    try:
        os.remove(path)
    except OSError as e:
        if e.errno == errno.ENOENT:
            raise TagExists("%s does not exist." % selector)
        raise

    return True


[docs]def convert(selector):
    """Convert CSS3 selector `selector` into compatible file-path

    Arguments:
        selector (str): CSS3 selector, e.g. .Asset

    Returns:
        str: Resolved selector

    Example:

    .. code-block:: bash

        $ .Asset  --> Asset.class
        $ #MyId   --> MyId.id

    """

    # By Class
    if selector.startswith("."):
        selector = selector[1:] + '.class'

    # By ID
    elif selector.startswith("#"):
        selector = selector[1:] + '.id'

    # By Name
    else:
        pass

    return selector



def qualify(selector):
    """Return fully-qualified selector from `selector`

    This function converts `selector` into an a searchable
    relative path for :func:`matches`

    Arguments:
        selector (str): CSS3-compliant selector

    Returns:
        path (str): Relative path to selector within a root directory

    Example:
        >>> import os
        >>> path = qualify('.Asset')
        >>> if os.name == 'nt':
        ...     assert path == ".meta\\Asset.class"
        ... else:
        ...     assert path == ".meta/Asset.class"

    """

    return os.path.join(CONTAINER, convert(selector))


[docs]def matches(root, selector, direction=DOWN, depth=-1):
    """Yield matches at absolute path `root` for selector `selector`
    given the direction `direction`.

    When looking for a first match only, use :func:`first_match`

    Arguments:
        root (str): Absolute path from which where to start looking
        selector (str): CSS3-compliant selector, e.g. ".Asset"
        direction (enum, optional): Search either up or down a hierarchy
        depth (int): Depth of traversal; a value of -1 means infinite

    Yields:
        path (str): Absolute path of next match.

    Attributes:
        errors: Collection of errors occured during os.walk (NotImplemented)

    Raises:
        OSError: ENOTDIR is raised if path `root` is not a directory

    Example:
        >>> import os
        >>> paths = list()
        >>> for match in matches(os.getcwd(), ".Asset"):
        ...     paths.append(match)

    """

    assert isinstance(direction, int)

    if os.path.exists(root) and not os.path.isdir(root):
        raise OSError(errno.ENOTDIR, "{} is not a directory".format(root))

    errors = list()
    selector = qualify(selector)

    def error_collector(exception):
        errors.append(exception)

    if direction & DOWN:
        for base, dirs, _ in os.walk(root,
                                     topdown=True,
                                     onerror=error_collector):
            if os.path.basename(base).startswith("."):
                continue

            if depth >= 0:
                head = base[len(root)+len(os.path.sep) - 1:]
                level = head.count(os.path.sep)
                if level >= depth:
                    dirs[:] = []  # Don't recurse any deeper

            path = os.path.join(base, selector)
            if os.path.isfile(path):
                yield base

    elif direction & UP:
        level = 0
        while True:
            path = os.path.join(root, selector)
            if os.path.isfile(path):
                yield root

            old_root = root
            root = os.path.dirname(root)

            if depth >= 0:
                level += 1
                if level >= depth:
                    break

            if root == old_root:
                # Top-level reached
                break

    elif direction & NONE:
        path = os.path.join(root, selector)
        if os.path.isfile(path):
            yield root

    else:
        raise ValueError("Direction not recognised: %s" % direction)



[docs]def first_match(root, selector, direction=DOWN, depth=-1):
    """Convenience function for returning a first match from :func:`matches`.

    Arguments:
        root (str): Absolute path from which where to start loo
        selector (str): CSS-style selector, e.g. .Asset
        direction (enum): Search either up or down a hierarchy

    Returns:
        path (str): Absolute path if successful, None otherwise.

    Example:
        >>> import os
        >>> path = first_match(os.getcwd(), ".Asset")

    """

    try:
        return next(matches(root=root,
                            selector=selector,
                            direction=direction,
                            depth=depth))
    except StopIteration:
        return None



if __name__ == '__main__':
    import doctest
    doctest.testmod()
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  Source code for cquery.vendor.click.core

import os
import sys
import codecs
from contextlib import contextmanager
from itertools import chain, repeat
from functools import update_wrapper

from .types import convert_type, IntRange, BOOL
from .utils import make_str, make_default_short_help, echo
from .exceptions import ClickException, UsageError, BadParameter, Abort
from .termui import prompt, confirm
from .formatting import HelpFormatter, join_options
from .parser import OptionParser, split_opt

from ._compat import PY2, isidentifier, iteritems

_missing = object()


SUBCOMMAND_METAVAR = 'COMMAND [ARGS]...'
SUBCOMMANDS_METAVAR = 'COMMAND1 [ARGS]... [COMMAND2 [ARGS]...]...'


def _bashcomplete(cmd, prog_name, complete_var=None):
    """Internal handler for the bash completion support."""
    if complete_var is None:
        complete_var = '_%s_COMPLETE' % (prog_name.replace('-', '_')).upper()
    complete_instr = os.environ.get(complete_var)
    if not complete_instr:
        return

    from ._bashcomplete import bashcomplete
    if bashcomplete(cmd, prog_name, complete_var, complete_instr):
        sys.exit(1)


def batch(iterable, batch_size):
    return list(zip(*repeat(iter(iterable), batch_size)))


def invoke_param_callback(callback, ctx, param, value):
    code = getattr(callback, '__code__', None)
    args = getattr(code, 'co_argcount', 3)

    if args < 3:
        # This will become a warning in Click 3.0:
        from warnings import warn
        warn(Warning('Invoked legacy parameter callback "%s".  The new '
                     'signature for such callbacks starting with '
                     'click 2.0 is (ctx, param, value).'
                     % callback), stacklevel=3)
        return callback(ctx, value)
    return callback(ctx, param, value)


@contextmanager
def augment_usage_errors(ctx, param=None):
    """Context manager that attaches extra information to exceptions that
    fly.
    """
    try:
        yield
    except BadParameter as e:
        if e.ctx is None:
            e.ctx = ctx
        if param is not None and e.param is None:
            e.param = param
        raise
    except UsageError as e:
        if e.ctx is None:
            e.ctx = ctx
        raise


def iter_params_for_processing(invocation_order, declaration_order):
    """Given a sequence of parameters in the order as should be considered
    for processing and an iterable of parameters that exist, this returns
    a list in the correct order as they should be processed.
    """
    def sort_key(item):
        try:
            idx = invocation_order.index(item)
        except ValueError:
            idx = float('inf')
        return (not item.is_eager, idx)

    return sorted(declaration_order, key=sort_key)


class Context(object):
    """The context is a special internal object that holds state relevant
    for the script execution at every single level.  It's normally invisible
    to commands unless they opt-in to getting access to it.

    The context is useful as it can pass internal objects around and can
    control special execution features such as reading data from
    environment variables.

    A context can be used as context manager in which case it will call
    :meth:`close` on teardown.

    .. versionadded:: 2.0
       Added the `resilient_parsing`, `help_option_names`,
       `token_normalize_func` parameters.

    .. versionadded:: 3.0
       Added the `allow_extra_args` and `allow_interspersed_args`
       parameters.

    :param command: the command class for this context.
    :param parent: the parent context.
    :param info_name: the info name for this invokation.  Generally this
                      is the most descriptive name for the script or
                      command.  For the toplevel script is is usually
                      the name of the script, for commands below it it's
                      the name of the script.
    :param obj: an arbitrary object of user data.
    :param auto_envvar_prefix: the prefix to use for automatic environment
                               variables.  If this is `None` then reading
                               from environment variables is disabled.  This
                               does not affect manually set environment
                               variables which are always read.
    :param default_map: a dictionary (like object) with default values
                        for parameters.
    :param terminal_width: the width of the terminal.  The default is
                           inherit from parent context.  If no context
                           defines the terminal width then auto
                           detection will be applied.
    :param resilient_parsing: if this flag is enabled then Click will
                              parse without any interactivity or callback
                              invocation.  This is useful for implementing
                              things such as completion support.
    :param allow_extra_args: if this is set to `True` then extra arguments
                             at the end will not raise an error and will be
                             kept on the context.  The default is to inherit
                             from the command.
    :param allow_interspersed_args: if this is set to `False` then options
                                    and arguments cannot be mixed.  The
                                    default is to inherit from the command.
    :param help_option_names: optionally a list of strings that define how
                              the default help parameter is named.  The
                              default is ``['--help']``.
    :param token_normalize_func: an optional function that is used to
                                 normalize tokens (options, choices,
                                 etc.).  This for instance can be used to
                                 implement case insensitive behavior.
    """

    def __init__(self, command, parent=None, info_name=None, obj=None,
                 auto_envvar_prefix=None, default_map=None,
                 terminal_width=None, resilient_parsing=False,
                 allow_extra_args=None, allow_interspersed_args=None,
                 help_option_names=None, token_normalize_func=None):
        #: the parent context or `None` if none exists.
        self.parent = parent
        #: the :class:`Command` for this context.
        self.command = command
        #: the descriptive information name
        self.info_name = info_name
        #: the parsed parameters except if the value is hidden in which
        #: case it's not remembered.
        self.params = {}
        #: the leftover arguments.
        self.args = []
        if obj is None and parent is not None:
            obj = parent.obj
        #: the user object stored.
        self.obj = obj
        #: A dictionary (-like object) with defaults for parameters.
        if default_map is None \
           and parent is not None \
           and parent.default_map is not None:
            default_map = parent.default_map.get(info_name)
        self.default_map = default_map

        #: This flag indicates if a subcommand is going to be executed. A
        #: group callback can use this information to figure out if it's
        #: being executed directly or because the execution flow passes
        #: onwards to a subcommand. By default it's None, but it can be
        #: the name of the subcommand to execute.
        #:
        #: If chaining is enabled this will be set to ``'*'`` in case
        #: any commands are executed.  It is however not possible to
        #: figure out which ones.  If you require this knowledge you
        #: should use a :func:`resultcallback`.
        self.invoked_subcommand = None

        if terminal_width is None and parent is not None:
            terminal_width = parent.terminal_width
        #: The width of the terminal (None is autodetection).
        self.terminal_width = terminal_width

        if allow_extra_args is None:
            allow_extra_args = command.allow_extra_args
        #: Indicates if the context allows extra args or if it should
        #: fail on parsing.
        #:
        #: .. versionadded:: 3.0
        self.allow_extra_args = allow_extra_args

        if allow_interspersed_args is None:
            allow_interspersed_args = command.allow_interspersed_args
        #: Indicates if the context allows mixing of arguments and
        #: options or not.
        #:
        #: .. versionadded:: 3.0
        self.allow_interspersed_args = allow_interspersed_args

        if help_option_names is None:
            if parent is not None:
                help_option_names = parent.help_option_names
            else:
                help_option_names = ['--help']

        #: The names for the help options.
        self.help_option_names = help_option_names

        if token_normalize_func is None and parent is not None:
            token_normalize_func = parent.token_normalize_func

        #: An optional normalization function for tokens.  This is
        #: options, choices, commands etc.
        self.token_normalize_func = token_normalize_func

        #: Indicates if resilient parsing is enabled.  In that case Click
        #: will do its best to not cause any failures.
        self.resilient_parsing = resilient_parsing

        # If there is no envvar prefix yet, but the parent has one and
        # the command on this level has a name, we can expand the envvar
        # prefix automatically.
        if auto_envvar_prefix is None:
            if parent is not None \
               and parent.auto_envvar_prefix is not None and \
               self.info_name is not None:
                auto_envvar_prefix = '%s_%s' % (parent.auto_envvar_prefix,
                                           self.info_name.upper())
        else:
            self.auto_envvar_prefix = auto_envvar_prefix.upper()
        self.auto_envvar_prefix = auto_envvar_prefix

        self._close_callbacks = []
        self._depth = 0

    def __enter__(self):
        self._depth += 1
        return self

    def __exit__(self, exc_type, exc_value, tb):
        self._depth -= 1
        if self._depth == 0:
            self.close()

    def _get_invoked_subcommands(self):
        from warnings import warn
        warn(Warning('This API does not work properly and has been largely '
                     'removed in Click 3.2 to fix a regression the '
                     'introduction of this API caused.  Consult the '
                     'upgrade documentation for more information.  For '
                     'more information about this see '
                     'http://click.pocoo.org/upgrading/#upgrading-to-3.2'),
             stacklevel=2)
        if self.invoked_subcommand is None:
            return []
        return [self.invoked_subcommand]
    def _set_invoked_subcommands(self, value):
        self.invoked_subcommand = \
            len(value) > 1 and '*' or value and value[0] or None
    invoked_subcommands = property(_get_invoked_subcommands,
                                   _set_invoked_subcommands)
    del _get_invoked_subcommands, _set_invoked_subcommands

    def make_formatter(self):
        """Creates the formatter for the help and usage output."""
        return HelpFormatter(width=self.terminal_width)

    def call_on_close(self, f):
        """This decorator remembers a function as callback that should be
        executed when the context tears down.  This is most useful to bind
        resource handling to the script execution.  For instance, file objects
        opened by the :class:`File` type will register their close callbacks
        here.

        :param f: the function to execute on teardown.
        """
        self._close_callbacks.append(f)
        return f

    def close(self):
        """Invokes all close callbacks."""
        for cb in self._close_callbacks:
            cb()
        self._close_callbacks = []

    @property
    def command_path(self):
        """The computed command path.  This is used for the ``usage``
        information on the help page.  It's automatically created by
        combining the info names of the chain of contexts to the root.
        """
        rv = ''
        if self.info_name is not None:
            rv = self.info_name
        if self.parent is not None:
            rv = self.parent.command_path + ' ' + rv
        return rv.lstrip()

    def find_root(self):
        """Finds the outermost context."""
        node = self
        while node.parent is not None:
            node = node.parent
        return node

    def find_object(self, object_type):
        """Finds the closest object of a given type."""
        node = self
        while node is not None:
            if isinstance(node.obj, object_type):
                return node.obj
            node = node.parent

    def ensure_object(self, object_type):
        """Like :meth:`find_object` but sets the innermost object to a
        new instance of `object_type` if it does not exist.
        """
        rv = self.find_object(object_type)
        if rv is None:
            self.obj = rv = object_type()
        return rv

    def lookup_default(self, name):
        """Looks up the default for a parameter name.  This by default
        looks into the :attr:`default_map` if available.
        """
        if self.default_map is not None:
            rv = self.default_map.get(name)
            if callable(rv):
                rv = rv()
            return rv

    def fail(self, message):
        """Aborts the execution of the program with a specific error
        message.

        :param message: the error message to fail with.
        """
        raise UsageError(message, self)

    def abort(self):
        """Aborts the script."""
        raise Abort()

    def exit(self, code=0):
        """Exits the application with a given exit code."""
        sys.exit(code)

    def get_usage(self):
        """Helper method to get formatted usage string for the current
        context and command.
        """
        return self.command.get_usage(self)

    def get_help(self):
        """Helper method to get formatted help page for the current
        context and command.
        """
        return self.command.get_help(self)

    def invoke(*args, **kwargs):
        """Invokes a command callback in exactly the way it expects.  There
        are two ways to invoke this method:

        1.  the first argument can be a callback and all other arguments and
            keyword arguments are forwarded directly to the function.
        2.  the first argument is a click command object.  In that case all
            arguments are forwarded as well but proper click parameters
            (options and click arguments) must be keyword arguments and Click
            will fill in defaults.

        Note that before Click 3.2 keyword arguments were not properly filled
        in against the intention of this code and no context was created.  For
        more information about this change and why it was done in a bugfix
        release see :ref:`upgrade-to-3.2`.
        """
        self, callback = args[:2]
        ctx = self

        # This is just to improve the error message in cases where old
        # code incorrectly invoked this method.  This will eventually be
        # removed.
        injected_arguments = False

        # It's also possible to invoke another command which might or
        # might not have a callback.  In that case we also fill
        # in defaults and make a new context for this command.
        if isinstance(callback, Command):
            other_cmd = callback
            callback = other_cmd.callback
            ctx = Context(other_cmd, info_name=other_cmd.name, parent=self)
            if callback is None:
                raise TypeError('The given command does not have a '
                                'callback that can be invoked.')

            for param in other_cmd.params:
                if param.name not in kwargs and param.expose_value:
                    kwargs[param.name] = param.get_default(ctx)
                    injected_arguments = True

        args = args[2:]
        if getattr(callback, '__click_pass_context__', False):
            args = (ctx,) + args
        with augment_usage_errors(self):
            try:
                with ctx:
                    return callback(*args, **kwargs)
            except TypeError as e:
                if not injected_arguments:
                    raise
                if 'got multiple values for' in str(e):
                    raise RuntimeError(
                        'You called .invoke() on the context with a command '
                        'but provided parameters as positional arguments.  '
                        'This is not supported but sometimes worked by chance '
                        'in older versions of Click.  To fix this see '
                        'http://click.pocoo.org/upgrading/#upgrading-to-3.2')
                raise

    def forward(*args, **kwargs):
        """Similar to :meth:`invoke` but fills in default keyword
        arguments from the current context if the other command expects
        it.  This cannot invoke callbacks directly, only other commands.
        """
        self, cmd = args[:2]

        # It's also possible to invoke another command which might or
        # might not have a callback.
        if not isinstance(cmd, Command):
            raise TypeError('Callback is not a command.')

        for param in self.params:
            if param not in kwargs:
                kwargs[param] = self.params[param]

        return self.invoke(cmd, **kwargs)


class BaseCommand(object):
    """The base command implements the minimal API contract of commands.
    Most code will never use this as it does not implement a lot of useful
    functionality but it can act as the direct subclass of alternative
    parsing methods that do not depend on the Click parser.

    For instance, this can be used to bridge Click and other systems like
    argparse or docopt.

    Because base commands do not implement a lot of the API that other
    parts of Click take for granted, they are not supported for all
    operations.  For instance, they cannot be used with the decorators
    usually and they have no built-in callback system.

    .. versionchanged:: 2.0
       Added the `context_settings` parameter.

    :param name: the name of the command to use unless a group overrides it.
    :param context_settings: an optional dictionary with defaults that are
                             passed to the context object.
    """
    allow_extra_args = False
    allow_interspersed_args = True

    def __init__(self, name, context_settings=None):
        #: the name the command thinks it has.  Upon registering a command
        #: on a :class:`Group` the group will default the command name
        #: with this information.  You should instead use the
        #: :class:`Context`\'s :attr:`~Context.info_name` attribute.
        self.name = name
        #: an optional dictionary with defaults passed to the context.
        self.context_settings = context_settings

    def get_usage(self, ctx):
        raise NotImplementedError('Base commands cannot get usage')

    def get_help(self, ctx):
        raise NotImplementedError('Base commands cannot get help')

    def make_context(self, info_name, args, parent=None, **extra):
        """This function when given an info name and arguments will kick
        off the parsing and create a new :class:`Context`.  It does not
        invoke the actual command callback though.

        :param info_name: the info name for this invokation.  Generally this
                          is the most descriptive name for the script or
                          command.  For the toplevel script it's usually
                          the name of the script, for commands below it it's
                          the name of the script.
        :param args: the arguments to parse as list of strings.
        :param parent: the parent context if available.
        :param extra: extra keyword arguments forwarded to the context
                      constructor.
        """
        for key, value in iteritems(self.context_settings or {}):
            if key not in extra:
                extra[key] = value
        ctx = Context(self, info_name=info_name, parent=parent, **extra)
        self.parse_args(ctx, args)
        return ctx

    def parse_args(self, ctx, args):
        """Given a context and a list of arguments this creates the parser
        and parses the arguments, then modifies the context as necessary.
        This is automatically invoked by :meth:`make_context`.
        """
        raise NotImplementedError('Base commands do not know how to parse '
                                  'arguments.')

    def invoke(self, ctx):
        """Given a context, this invokes the command.  The default
        implementation is raising a not implemented error.
        """
        raise NotImplementedError('Base commands are not invokable by default')

    def main(self, args=None, prog_name=None, complete_var=None,
             standalone_mode=True, **extra):
        """This is the way to invoke a script with all the bells and
        whistles as a command line application.  This will always terminate
        the application after a call.  If this is not wanted, ``SystemExit``
        needs to be caught.

        This method is also available by directly calling the instance of
        a :class:`Command`.

        .. versionadded:: 3.0
           Added the `standalone_mode` flag to control the standalone mode.

        :param args: the arguments that should be used for parsing.  If not
                     provided, ``sys.argv[1:]`` is used.
        :param prog_name: the program name that should be used.  By default
                          the program name is constructed by taking the file
                          name from ``sys.argv[0]``.
        :param complete_var: the environment variable that controls the
                             bash completion support.  The default is
                             ``"_<prog_name>_COMPLETE"`` with prog name in
                             uppercase.
        :param standalone_mode: the default behavior is to invoke the script
                                in standalone mode.  Click will then
                                handle exceptions and convert them into
                                error messages and the function will never
                                return but shut down the interpreter.  If
                                this is set to `False` they will be
                                propagated to the caller and the return
                                value of this function is the return value
                                of :meth:`invoke`.
        :param extra: extra keyword arguments are forwarded to the context
                      constructor.  See :class:`Context` for more information.
        """
        # If we are in Python 3, we will verify that the environment is
        # sane at this point of reject further execution to avoid a
        # broken script.
        if not PY2:
            try:
                import locale
                fs_enc = codecs.lookup(locale.getpreferredencoding()).name
            except Exception:
                fs_enc = 'ascii'
            if fs_enc == 'ascii':
                raise RuntimeError('Click will abort further execution '
                                   'because Python 3 was configured to use '
                                   'ASCII as encoding for the environment. '
                                   'Either switch to Python 2 or consult '
                                   'http://click.pocoo.org/python3/ '
                                   'for mitigation steps.')

        if args is None:
            args = sys.argv[1:]
        else:
            args = list(args)
        if prog_name is None:
            prog_name = make_str(os.path.basename(
                sys.argv and sys.argv[0] or __file__))

        # Hook for the Bash completion.  This only activates if the Bash
        # completion is actually enabled, otherwise this is quite a fast
        # noop.
        _bashcomplete(self, prog_name, complete_var)

        try:
            try:
                with self.make_context(prog_name, args, **extra) as ctx:
                    rv = self.invoke(ctx)
                    if not standalone_mode:
                        return rv
                    ctx.exit()
            except (EOFError, KeyboardInterrupt):
                echo(file=sys.stderr)
                raise Abort()
            except ClickException as e:
                if not standalone_mode:
                    raise
                e.show()
                sys.exit(e.exit_code)
        except Abort:
            if not standalone_mode:
                raise
            echo('Aborted!', file=sys.stderr)
            sys.exit(1)

    def __call__(self, *args, **kwargs):
        """Alias for :meth:`main`."""
        return self.main(*args, **kwargs)


class Command(BaseCommand):
    """Commands are the basic building block of command line interfaces in
    Click.  A basic command handles command line parsing and might dispatch
    more parsing to commands nested below it.

    .. versionchanged:: 2.0
       Added the `context_settings` parameter.

    :param name: the name of the command to use unless a group overrides it.
    :param context_settings: an optional dictionary with defaults that are
                             passed to the context object.
    :param callback: the callback to invoke.  This is optional.
    :param params: the parameters to register with this command.  This can
                   be either :class:`Option` or :class:`Argument` objects.
    :param help: the help string to use for this command.
    :param epilog: like the help string but it's printed at the end of the
                   help page after everything else.
    :param short_help: the short help to use for this command.  This is
                       shown on the command listing of the parent command.
    :param add_help_option: by default each command registers a ``--help``
                            option.  This can be disabled by this parameter.
    """

    def __init__(self, name, context_settings=None, callback=None,
                 params=None, help=None, epilog=None, short_help=None,
                 options_metavar='[OPTIONS]', add_help_option=True):
        BaseCommand.__init__(self, name, context_settings)
        #: the callback to execute when the command fires.  This might be
        #: `None` in which case nothing happens.
        self.callback = callback
        #: the list of parameters for this command in the order they
        #: should show up in the help page and execute.  Eager parameters
        #: will automatically be handled before non eager ones.
        self.params = params or []
        self.help = help
        self.epilog = epilog
        self.options_metavar = options_metavar
        if short_help is None and help:
            short_help = make_default_short_help(help)
        self.short_help = short_help
        self.add_help_option = add_help_option

    def get_usage(self, ctx):
        formatter = ctx.make_formatter()
        self.format_usage(ctx, formatter)
        return formatter.getvalue().rstrip('\n')

    def get_params(self, ctx):
        rv = self.params
        help_option = self.get_help_option(ctx)
        if help_option is not None:
            rv = rv + [help_option]
        return rv

    def format_usage(self, ctx, formatter):
        """Writes the usage line into the formatter."""
        pieces = self.collect_usage_pieces(ctx)
        formatter.write_usage(ctx.command_path, ' '.join(pieces))

    def collect_usage_pieces(self, ctx):
        """Returns all the pieces that go into the usage line and returns
        it as a list of strings.
        """
        rv = [self.options_metavar]
        for param in self.get_params(ctx):
            rv.extend(param.get_usage_pieces(ctx))
        return rv

    def get_help_option_names(self, ctx):
        """Returns the names for the help option."""
        all_names = set(ctx.help_option_names)
        for param in self.params:
            all_names.difference_update(param.opts)
            all_names.difference_update(param.secondary_opts)
        return all_names

    def get_help_option(self, ctx):
        """Returns the help option object."""
        help_options = self.get_help_option_names(ctx)
        if not help_options:
            return

        def show_help(ctx, param, value):
            if value and not ctx.resilient_parsing:
                echo(ctx.get_help())
                ctx.exit()
        return Option(help_options, is_flag=True,
                      is_eager=True, expose_value=False,
                      callback=show_help,
                      help='Show this message and exit.')

    def make_parser(self, ctx):
        """Creates the underlying option parser for this command."""
        parser = OptionParser(ctx)
        parser.allow_interspersed_args = ctx.allow_interspersed_args
        for param in self.get_params(ctx):
            param.add_to_parser(parser, ctx)
        return parser

    def get_help(self, ctx):
        """Formats the help into a string and returns it.  This creates a
        formatter and will call into the following formatting methods:
        """
        formatter = ctx.make_formatter()
        self.format_help(ctx, formatter)
        return formatter.getvalue().rstrip('\n')

    def format_help(self, ctx, formatter):
        """Writes the help into the formatter if it exists.

        This calls into the following methods:

        -   :meth:`format_usage`
        -   :meth:`format_help_text`
        -   :meth:`format_options`
        -   :meth:`format_epilog`
        """
        self.format_usage(ctx, formatter)
        self.format_help_text(ctx, formatter)
        self.format_options(ctx, formatter)
        self.format_epilog(ctx, formatter)

    def format_help_text(self, ctx, formatter):
        """Writes the help text to the formatter if it exists."""
        if self.help:
            formatter.write_paragraph()
            with formatter.indentation():
                formatter.write_text(self.help)

    def format_options(self, ctx, formatter):
        """Writes all the options into the formatter if they exist."""
        opts = []
        for param in self.get_params(ctx):
            rv = param.get_help_record(ctx)
            if rv is not None:
                opts.append(rv)

        if opts:
            with formatter.section('Options'):
                formatter.write_dl(opts)

    def format_epilog(self, ctx, formatter):
        """Writes the epilog into the formatter if it exists."""
        if self.epilog:
            formatter.write_paragraph()
            with formatter.indentation():
                formatter.write_text(self.epilog)

    def parse_args(self, ctx, args):
        parser = self.make_parser(ctx)
        opts, args, param_order = parser.parse_args(args=args)

        for param in iter_params_for_processing(
                param_order, self.get_params(ctx)):
            value, args = param.handle_parse_result(ctx, opts, args)

        if args and not ctx.allow_extra_args and not ctx.resilient_parsing:
            ctx.fail('Got unexpected extra argument%s (%s)'
                     % (len(args) != 1 and 's' or '',
                        ' '.join(map(make_str, args))))

        ctx.args = args
        return args

    def invoke(self, ctx):
        """Given a context, this invokes the attached callback (if it exists)
        in the right way.
        """
        if self.callback is not None:
            return ctx.invoke(self.callback, **ctx.params)


class MultiCommand(Command):
    """A multi command is the basic implementation of a command that
    dispatches to subcommands.  The most common version is the
    :class:`Command`.

    :param invoke_without_command: this controls how the multi command itself
                                   is invoked.  By default it's only invoked
                                   if a subcommand is provided.
    :param no_args_is_help: this controls what happens if no arguments are
                            provided.  This option is enabled by default if
                            `invoke_without_command` is disabled or disabled
                            if it's enabled.  If enabled this will add
                            ``--help`` as argument if no arguments are
                            passed.
    :param subcommand_metavar: the string that is used in the documentation
                               to indicate the subcommand place.
    :param chain: if this is set to `True` chaining of multiple subcommands
                  is enabled.  This restricts the form of commands in that
                  they cannot have optional arguments but it allows
                  multiple commands to be chained together.
    :param result_callback: the result callback to attach to this multi
                            command.
    """
    allow_extra_args = True
    allow_interspersed_args = False

    def __init__(self, name=None, invoke_without_command=False,
                 no_args_is_help=None, subcommand_metavar=None,
                 chain=False, result_callback=None, **attrs):
        Command.__init__(self, name, **attrs)
        if no_args_is_help is None:
            no_args_is_help = not invoke_without_command
        self.no_args_is_help = no_args_is_help
        self.invoke_without_command = invoke_without_command
        if subcommand_metavar is None:
            if chain:
                subcommand_metavar = SUBCOMMANDS_METAVAR
            else:
                subcommand_metavar = SUBCOMMAND_METAVAR
        self.subcommand_metavar = subcommand_metavar
        self.chain = chain
        #: The result callback that is stored.  This can be set or
        #: overridden with the :func:`resultcallback` decorator.
        self.result_callback = result_callback

    def collect_usage_pieces(self, ctx):
        rv = Command.collect_usage_pieces(self, ctx)
        rv.append(self.subcommand_metavar)
        return rv

    def format_options(self, ctx, formatter):
        Command.format_options(self, ctx, formatter)
        self.format_commands(ctx, formatter)

    def resultcallback(self, replace=False):
        """Adds a result callback to the chain command.  By default if a
        result callback is already registered this will chain them but
        this can be disabled with the `replace` parameter.  The result
        callback is invoked with the return value of the subcommand
        (or the list of return values from all subcommands if chaining
        is enabled) as well as the parameters as they would be passed
        to the main callback.

        Example::

            @click.group()
            @click.option('-i', '--input', default=23)
            def cli(input):
                return 42

            @cli.resultcallback()
            def process_result(result, input):
                return result + input

        .. versionadded:: 3.0

        :param replace: if set to `True` an already existing result
                        callback will be removed.
        """
        def decorator(f):
            old_callback = self.result_callback
            if old_callback is None or replace:
                self.result_callback = f
                return f
            def function(__value, *args, **kwargs):
                return f(old_callback(__value, *args, **kwargs),
                         *args, **kwargs)
            self.result_callback = rv = update_wrapper(function, f)
            return rv
        return decorator

    def format_commands(self, ctx, formatter):
        """Extra format methods for multi methods that adds all the commands
        after the options.
        """
        rows = []
        for subcommand in self.list_commands(ctx):
            cmd = self.get_command(ctx, subcommand)
            # What is this, the tool lied about a command.  Ignore it
            if cmd is None:
                continue

            help = cmd.short_help or ''
            rows.append((subcommand, help))

        if rows:
            with formatter.section('Commands'):
                formatter.write_dl(rows)

    def parse_args(self, ctx, args):
        if not args and self.no_args_is_help and not ctx.resilient_parsing:
            echo(ctx.get_help())
            ctx.exit()
        return Command.parse_args(self, ctx, args)

    def invoke(self, ctx):
        def _process_result(value):
            if self.result_callback is not None:
                value = ctx.invoke(self.result_callback, value,
                                   **ctx.params)
            return value

        if not ctx.args:
            # If we are invoked without command the chain flag controls
            # how this happens.  If we are not in chain mode, the return
            # value here is the return value of the command.
            # If however we are in chain mode, the return value is the
            # return value of the result processor invoked with an empty
            # list (which means that no subcommand actually was executed).
            if self.invoke_without_command:
                if not self.chain:
                    return Command.invoke(self, ctx)
                with ctx:
                    Command.invoke(self, ctx)
                    return _process_result([])
            ctx.fail('Missing command.')

        args = ctx.args

        # If we're not in chain mode, we only allow the invocation of a
        # single command but we also inform the current context about the
        # name of the command to invoke.
        if not self.chain:
            # Make sure the context is entered so we do not clean up
            # resources until the result processor has worked.
            with ctx:
                cmd_name, cmd, args = self.resolve_command(ctx, args)
                ctx.invoked_subcommand = cmd_name
                Command.invoke(self, ctx)
                sub_ctx = cmd.make_context(cmd_name, args, parent=ctx)
                with sub_ctx:
                    return _process_result(sub_ctx.command.invoke(sub_ctx))

        # In chain mode we create the contexts step by step, but after the
        # base command has been invoked.  Because at that point we do not
        # know the subcommands yet, the invoked subcommand attribute is
        # set to ``*`` to inform the command that subcommands are executed
        # but nothing else.
        with ctx:
            ctx.invoked_subcommand = args and '*' or None
            Command.invoke(self, ctx)

            # Otherwise we make every single context and invoke them in a
            # chain.  In that case the return value to the result processor
            # is the list of all invoked subcommand's results.
            contexts = []
            while args:
                cmd_name, cmd, args = self.resolve_command(ctx, args)
                sub_ctx = cmd.make_context(cmd_name, args, parent=ctx,
                                           allow_extra_args=True,
                                           allow_interspersed_args=False)
                contexts.append(sub_ctx)
                args = sub_ctx.args

            rv = []
            for sub_ctx in contexts:
                with sub_ctx:
                    rv.append(sub_ctx.command.invoke(sub_ctx))
            return _process_result(rv)

    def resolve_command(self, ctx, args):
        cmd_name = make_str(args[0])
        original_cmd_name = cmd_name

        # Get the command
        cmd = self.get_command(ctx, cmd_name)

        # If we can't find the command but there is a normalization
        # function available, we try with that one.
        if cmd is None and ctx.token_normalize_func is not None:
            cmd_name = ctx.token_normalize_func(cmd_name)
            cmd = self.get_command(ctx, cmd_name)

        # If we don't find the command we want to show an error message
        # to the user that it was not provided.  However, there is
        # something else we should do: if the first argument looks like
        # an option we want to kick off parsing again for arguments to
        # resolve things like --help which now should go to the main
        # place.
        if cmd is None:
            if split_opt(cmd_name)[0]:
                self.parse_args(ctx, ctx.args)
            ctx.fail('No such command "%s".' % original_cmd_name)

        return cmd_name, cmd, args[1:]

    def get_command(self, ctx, cmd_name):
        """Given a context and a command name, this returns a
        :class:`Command` object if it exists or returns `None`.
        """
        raise NotImplementedError()

    def list_commands(self, ctx):
        """Returns a list of subcommand names in the order they should
        appear.
        """
        return []


class Group(MultiCommand):
    """A group allows a command to have subcommands attached.  This is the
    most common way to implement nesting in Click.

    :param commands: a dictionary of commands.
    """

    def __init__(self, name=None, commands=None, **attrs):
        MultiCommand.__init__(self, name, **attrs)
        #: the registered subcommands by their exported names.
        self.commands = commands or {}

    def add_command(self, cmd, name=None):
        """Registers another :class:`Command` with this group.  If the name
        is not provided, the name of the command is used.
        """
        name = name or cmd.name
        if name is None:
            raise TypeError('Command has no name.')
        self.commands[name] = cmd

    def command(self, *args, **kwargs):
        """A shortcut decorator for declaring and attaching a command to
        the group.  This takes the same arguments as :func:`command` but
        immediately registers the created command with this instance by
        calling into :meth:`add_command`.
        """
        def decorator(f):
            cmd = command(*args, **kwargs)(f)
            self.add_command(cmd)
            return cmd
        return decorator

    def group(self, *args, **kwargs):
        """A shortcut decorator for declaring and attaching a group to
        the group.  This takes the same arguments as :func:`group` but
        immediately registers the created command with this instance by
        calling into :meth:`add_command`.
        """
        def decorator(f):
            cmd = group(*args, **kwargs)(f)
            self.add_command(cmd)
            return cmd
        return decorator

    def get_command(self, ctx, cmd_name):
        return self.commands.get(cmd_name)

    def list_commands(self, ctx):
        return sorted(self.commands)


class CommandCollection(MultiCommand):
    """A command collection is a multi command that merges multiple multi
    commands together into one.  This is a straightforward implementation
    that accepts a list of different multi commands as sources and
    provides all the commands for each of them.
    """

    def __init__(self, name=None, sources=None, **attrs):
        MultiCommand.__init__(self, name, **attrs)
        #: The list of registered multi commands.
        self.sources = sources or []

    def add_source(self, multi_cmd):
        """Adds a new multi command to the chain dispatcher."""
        self.sources.append(multi_cmd)

    def get_command(self, ctx, cmd_name):
        for source in self.sources:
            rv = source.get_command(ctx, cmd_name)
            if rv is not None:
                return rv

    def list_commands(self, ctx):
        rv = set()
        for source in self.sources:
            rv.update(source.list_commands(ctx))
        return sorted(rv)


class Parameter(object):
    """A parameter to a command comes in two versions: they are either
    :class:`Option`\s or :class:`Argument`\s.  Other subclasses are currently
    not supported by design as some of the internals for parsing are
    intentionally not finalized.

    Some settings are supported by both options and arguments.

    .. versionchanged:: 2.0
       Changed signature for parameter callback to also be passed the
       parameter.  In Click 2.0, the old callback format will still work,
       but it will raise a warning to give you change to migrate the
       code easier.

    :param param_decls: the parameter declarations for this option or
                        argument.  This is a list of flags or argument
                        names.
    :param type: the type that should be used.  Either a :class:`ParamType`
                 or a Python type.  The later is converted into the former
                 automatically if supported.
    :param required: controls if this is optional or not.
    :param default: the default value if omitted.  This can also be a callable,
                    in which case it's invoked when the default is needed
                    without any arguments.
    :param callback: a callback that should be executed after the parameter
                     was matched.  This is called as ``fn(ctx, param,
                     value)`` and needs to return the value.  Before Click
                     2.0, the signature was ``(ctx, value)``.
    :param nargs: the number of arguments to match.  If not ``1`` the return
                  value is a tuple instead of single value.
    :param metavar: how the value is represented in the help page.
    :param expose_value: if this is `True` then the value is passed onwards
                         to the command callback and stored on the context,
                         otherwise it's skipped.
    :param is_eager: eager values are processed before non eager ones.  This
                     should not be set for arguments or it will inverse the
                     order of processing.
    :param envvar: a string or list of strings that are environment variables
                   that should be checked.
    """
    param_type_name = 'parameter'

    def __init__(self, param_decls=None, type=None, required=False,
                 default=None, callback=None, nargs=1, metavar=None,
                 expose_value=True, is_eager=False, envvar=None):
        self.name, self.opts, self.secondary_opts = \
            self._parse_decls(param_decls or (), expose_value)
        self.type = convert_type(type, default)
        self.required = required
        self.callback = callback
        self.nargs = nargs
        self.multiple = False
        self.expose_value = expose_value
        self.default = default
        self.is_eager = is_eager
        self.metavar = metavar
        self.envvar = envvar

    def make_metavar(self):
        if self.metavar is not None:
            return self.metavar
        metavar = self.type.get_metavar(self)
        if metavar is None:
            metavar = self.type.name.upper()
        if self.nargs != 1:
            metavar += '...'
        return metavar

    def get_default(self, ctx):
        """Given a context variable this calculates the default value."""
        # Otherwise go with the regular default.
        if callable(self.default):
            rv = self.default()
        else:
            rv = self.default
        return self.type_cast_value(ctx, rv)

    def add_to_parser(self, parser, ctx):
        pass

    def consume_value(self, ctx, opts):
        value = opts.get(self.name)
        if value is None:
            value = ctx.lookup_default(self.name)
        if value is None:
            value = self.value_from_envvar(ctx)
        return value

    def type_cast_value(self, ctx, value):
        """Given a value this runs it properly through the type system.
        This automatically handles things like `nargs` and `multiple`.
        """
        def _convert(value, level):
            if level == 0:
                return self.type(value, self, ctx)
            return tuple(_convert(x, level - 1) for x in value or ())
        return _convert(value, (self.nargs != 1) + bool(self.multiple))

    def process_value(self, ctx, value):
        """Given a value and context this runs the logic to convert the
        value as necessary.
        """
        # If the value we were given is None we do nothing.  This way
        # code that calls this can easily figure out if something was
        # not provided.  Otherwise it would be converted into an empty
        # tuple for multiple invocations which is inconvenient.
        if value is not None:
            return self.type_cast_value(ctx, value)

    def value_is_missing(self, value):
        if value is None:
            return True
        if (self.nargs != 1 or self.multiple) and value == ():
            return True
        return False

    def full_process_value(self, ctx, value):
        value = self.process_value(ctx, value)

        if value is None:
            value = self.get_default(ctx)

        if self.required and self.value_is_missing(value):
            ctx.fail(self.get_missing_message(ctx))

        return value

    def get_missing_message(self, ctx):
        rv = 'Missing %s %s.' % (
            self.param_type_name,
            ' / '.join('"%s"' % x for x in chain(
                self.opts, self.secondary_opts)),
        )
        extra = self.type.get_missing_message(self)
        if extra:
            rv += '  ' + extra
        return rv

    def resolve_envvar_value(self, ctx):
        if self.envvar is None:
            return
        if isinstance(self.envvar, (tuple, list)):
            for envvar in self.envvar:
                rv = os.environ.get(envvar)
                if rv is not None:
                    return rv
        else:
            return os.environ.get(self.envvar)

    def value_from_envvar(self, ctx):
        rv = self.resolve_envvar_value(ctx)
        if rv is not None and self.nargs != 1:
            rv = self.type.split_envvar_value(rv)
        return rv

    def handle_parse_result(self, ctx, opts, args):
        with augment_usage_errors(ctx, param=self):
            value = self.consume_value(ctx, opts)
            try:
                value = self.full_process_value(ctx, value)
            except Exception:
                if not ctx.resilient_parsing:
                    raise
                value = None
            if self.callback is not None:
                try:
                    value = invoke_param_callback(
                        self.callback, ctx, self, value)
                except Exception:
                    if not ctx.resilient_parsing:
                        raise

        if self.expose_value:
            ctx.params[self.name] = value
        return value, args

    def get_help_record(self, ctx):
        pass

    def get_usage_pieces(self, ctx):
        return []


class Option(Parameter):
    """Options are usually optional values on the command line and
    have some extra features that arguments don't have.

    All other parameters are passed onwards to the parameter constructor.

    :param show_default: controls if the default value should be shown on the
                         help page.  Normally, defaults are not shown.
    :param prompt: if set to `True` or a non empty string then the user will
                   be prompted for input if not set.  If set to `True` the
                   prompt will be the option name capitalized.
    :param confirmation_prompt: if set then the value will need to be confirmed
                                if it was prompted for.
    :param hide_input: if this is `True` then the input on the prompt will be
                       hidden from the user.  This is useful for password
                       input.
    :param is_flag: forces this option to act as a flag.  The default is
                    auto detection.
    :param flag_value: which value should be used for this flag if it's
                       enabled.  This is set to a boolean automatically if
                       the option string contains a slash to mark two options.
    :param multiple: if this is set to `True` then the argument is accepted
                     multiple times and recorded.  This is similar to ``nargs``
                     in how it works but supports arbitrary number of
                     arguments.
    :param count: this flag makes an option increment an integer.
    :param allow_from_autoenv: if this is enabled then the value of this
                               parameter will be pulled from an environment
                               variable in case a prefix is defined on the
                               context.
    :param help: the help string.
    """
    param_type_name = 'option'

    def __init__(self, param_decls=None, show_default=False,
                 prompt=False, confirmation_prompt=False,
                 hide_input=False, is_flag=None, flag_value=None,
                 multiple=False, count=False, allow_from_autoenv=True,
                 type=None, help=None, **attrs):
        default_is_missing = attrs.get('default', _missing) is _missing
        Parameter.__init__(self, param_decls, type=type, **attrs)

        if prompt is True:
            prompt_text = self.name.replace('_', ' ').capitalize()
        elif prompt is False:
            prompt_text = None
        else:
            prompt_text = prompt
        self.prompt = prompt_text
        self.confirmation_prompt = confirmation_prompt
        self.hide_input = hide_input

        # Flags
        if is_flag is None:
            if flag_value is not None:
                is_flag = True
            else:
                is_flag = bool(self.secondary_opts)
        if is_flag and default_is_missing:
            self.default = False
        if flag_value is None:
            flag_value = not self.default
        self.is_flag = is_flag
        self.flag_value = flag_value
        if self.is_flag and isinstance(self.flag_value, bool) \
           and type is None:
            self.type = BOOL
            self.is_bool_flag = True
        else:
            self.is_bool_flag = False

        # Counting
        self.count = count
        if count:
            if type is None:
                self.type = IntRange(min=0)
            if default_is_missing:
                self.default = 0

        self.multiple = multiple
        self.allow_from_autoenv = allow_from_autoenv
        self.help = help
        self.show_default = show_default

        # Sanity check for stuff we don't support
        if __debug__:
            if self.prompt and self.is_flag and not self.is_bool_flag:
                raise TypeError('Cannot prompt for flags that are not bools.')
            if not self.is_bool_flag and self.secondary_opts:
                raise TypeError('Got secondary option for non boolean flag.')
            if self.is_bool_flag and self.hide_input \
               and self.prompt is not None:
                raise TypeError('Hidden input does not work with boolean '
                                'flag prompts.')
            if self.count:
                if self.multiple:
                    raise TypeError('Options cannot be multiple and count '
                                    'at the same time.')
                elif self.is_flag:
                    raise TypeError('Options cannot be count and flags at '
                                    'the same time.')

    def _parse_decls(self, decls, expose_value):
        opts = []
        secondary_opts = []
        name = None
        possible_names = []

        for decl in decls:
            if isidentifier(decl):
                if name is not None:
                    raise TypeError('Name defined twice')
                name = decl
            else:
                split_char = decl[:1] == '/' and ';' or '/'
                if split_char in decl:
                    first, second = decl.split(split_char, 1)
                    first = first.rstrip()
                    possible_names.append(split_opt(first))
                    opts.append(first)
                    secondary_opts.append(second.lstrip())
                else:
                    possible_names.append(split_opt(decl))
                    opts.append(decl)

        if name is None and possible_names:
            possible_names.sort(key=lambda x: len(x[0]))
            name = possible_names[-1][1].replace('-', '_').lower()
            if not isidentifier(name):
                name = None

        if name is None:
            if not expose_value:
                return None, opts, secondary_opts
            raise TypeError('Could not determine name for option')

        if not opts and not secondary_opts:
            raise TypeError('No options defined but a name was passed (%s). '
                            'Did you mean to declare an argument instead '
                            'of an option?' % name)

        return name, opts, secondary_opts

    def add_to_parser(self, parser, ctx):
        kwargs = {
            'dest': self.name,
            'nargs': self.nargs,
            'obj': self,
        }

        if self.multiple:
            action = 'append'
        elif self.count:
            action = 'count'
        else:
            action = 'store'

        if self.is_flag:
            kwargs.pop('nargs', None)
            if self.is_bool_flag and self.secondary_opts:
                parser.add_option(self.opts, action=action + '_const',
                                  const=True, **kwargs)
                parser.add_option(self.secondary_opts, action=action +
                                  '_const', const=False, **kwargs)
            else:
                parser.add_option(self.opts, action=action + '_const',
                                  const=self.flag_value,
                                  **kwargs)
        else:
            kwargs['action'] = action
            parser.add_option(self.opts, **kwargs)

    def get_help_record(self, ctx):
        any_prefix_is_slash = []

        def _write_opts(opts):
            rv, any_slashes = join_options(opts)
            if any_slashes:
                any_prefix_is_slash[:] = [True]
            if not self.is_flag and not self.count:
                rv += ' ' + self.make_metavar()
            return rv

        rv = [_write_opts(self.opts)]
        if self.secondary_opts:
            rv.append(_write_opts(self.secondary_opts))

        help = self.help or ''
        extra = []
        if self.default is not None and self.show_default:
            extra.append('default: %s' % self.default)
        if self.required:
            extra.append('required')
        if extra:
            help = '%s[%s]' % (help and help + '  ' or '', '; '.join(extra))

        return ((any_prefix_is_slash and '; ' or ' / ').join(rv), help)

    def get_default(self, ctx):
        # If we're a non boolean flag out default is more complex because
        # we need to look at all flags in the same group to figure out
        # if we're the the default one in which case we return the flag
        # value as default.
        if self.is_flag and not self.is_bool_flag:
            for param in ctx.command.params:
                if param.name == self.name and param.default:
                    return param.flag_value
            return None
        return Parameter.get_default(self, ctx)

    def prompt_for_value(self, ctx):
        """This is an alternative flow that can be activated in the full
        value processing if a value does not exist.  It will prompt the
        user until a valid value exists and then returns the processed
        value as result.
        """
        # Calculate the default before prompting anything to be stable.
        default = self.get_default(ctx)

        # If this is a prompt for a flag we need to handle this
        # differently.
        if self.is_bool_flag:
            return confirm(self.prompt, default)

        return prompt(self.prompt, default=default,
                      hide_input=self.hide_input,
                      confirmation_prompt=self.confirmation_prompt,
                      value_proc=lambda x: self.process_value(ctx, x))

    def resolve_envvar_value(self, ctx):
        rv = Parameter.resolve_envvar_value(self, ctx)
        if rv is not None:
            return rv
        if self.allow_from_autoenv and \
           ctx.auto_envvar_prefix is not None:
            envvar = '%s_%s' % (ctx.auto_envvar_prefix, self.name.upper())
            return os.environ.get(envvar)

    def value_from_envvar(self, ctx):
        rv = self.resolve_envvar_value(ctx)
        if rv is None:
            return None
        value_depth = (self.nargs != 1) + bool(self.multiple)
        if value_depth > 0 and rv is not None:
            rv = self.type.split_envvar_value(rv)
            if self.multiple and self.nargs != 1:
                rv = batch(rv, self.nargs)
        return rv

    def full_process_value(self, ctx, value):
        if value is None and self.prompt is not None \
           and not ctx.resilient_parsing:
            return self.prompt_for_value(ctx)
        return Parameter.full_process_value(self, ctx, value)


class Argument(Parameter):
    """Arguments are positional parameters to a command.  They generally
    provide fewer features than options but can have infinite ``nargs``
    and are required by default.

    All parameters are passed onwards to the parameter constructor.
    """
    param_type_name = 'argument'

    def __init__(self, param_decls, required=None, **attrs):
        if required is None:
            if attrs.get('default') is not None:
                required = False
            else:
                required = attrs.get('nargs', 1) > 0
        Parameter.__init__(self, param_decls, required=required, **attrs)

    def make_metavar(self):
        if self.metavar is not None:
            return self.metavar
        var = self.name.upper()
        if not self.required:
            var = '[%s]' % var
        if self.nargs != 1:
            var += '...'
        return var

    def _parse_decls(self, decls, expose_value):
        if not decls:
            if not expose_value:
                return None, [], []
            raise TypeError('Could not determine name for argument')
        if len(decls) == 1:
            name = arg = decls[0]
            name = name.replace('-', '_').lower()
        elif len(decls) == 2:
            name, arg = decls
        else:
            raise TypeError('Arguments take exactly one or two '
                            'parameter declarations, got %d' % len(decls))
        return name, [arg], []

    def get_usage_pieces(self, ctx):
        return [self.make_metavar()]

    def add_to_parser(self, parser, ctx):
        parser.add_argument(dest=self.name, nargs=self.nargs,
                            obj=self)


# Circular dependency between decorators and core
from .decorators import command, group
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