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Welcome to Brains Copy Paste’s documentation!

This software is a toolchain for the analysis of mutations in quotes when they propagate through the blog- and news-spaces, measuring some ways in which we alter quotes when we write blog posts.
It was developed for a research paper based on the MemeTracker [http://memetracker.org/] quotes database [LeriqueRoth16] [https://hal.archives-ouvertes.fr/hal-01143986/], and is released under the GPLv3 license.

This documentation will walk you through the steps to install and run the complete analysis to reproduce the results of the paper, and gives you access to all the tools used during exploration of the data. Hey, these are the days of open science!

We’ll be referring to several concepts defined and discussed in the paper, so it might be helpful if you read it first.
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Setup

Setting up the environment for the analyses is a bit involved.

If by chance you know how to use Docker [https://www.docker.com/] (or are willing to learn [https://docs.docker.com/engine/getstarted/] – it’s super useful and pretty easy!), the easiest way around this really is to use the prebuilt container [https://hub.docker.com/r/wehlutyk/brainscopypaste] which has everything included.
To do so read the Quick setup using Docker section.

Otherwise, or if you want more control over the setup, go to the Manual setup section, which walks you through the full show.

Once you’re done (either with Docker or with the manual setup), you have access to all the analysis tools.
Among other things, this lets you reproduce the figures in the paper.


Quick setup using Docker

If you have Docker installed, just run:

docker run -it wehlutyk/brainscopypaste bash





That command will download the complete container (which might take a while since it bundles all the necessary data) and start a session in the container.
You see a normal shell prompt, which looks like this:

brainscopypaste@3651c3dbcc4d:/$





Keep a note of the hexadecimal number after the @ sign (it will be different for you), we’ll use it later on to restart this session.
It’s the ID of your container instance.

Now, in that same shell, start the PostgreSQL server:

sudo service postgresql start





Then, cd into the analysis’ home directory and run anything you want from the Usage section:

cd /home/brainscopypaste
brainscopypaste <any-analysis-command>
# -> the container computes...
brainscopypaste <another-analysis-command>
# -> the container does more computing...





Once you’re done, just type exit (or Ctrl-D) to quit as usual in a terminal.

To restart the same container next time (and not a new instance, which will not now about any analyses you may have run), use your last container’s ID:

docker start -i <instance-id>





(You can also find a more human-readable name associated to that container ID by running docker ps -a.)

Now if you’re not a fan of Docker, you want see the detailed environment to use it yourself, or for any other reason you want to manually set up the analysis environment, keep reading below.




Manual setup

There are a few packages to install to get up and running.

We’ll assume you’re using a Debian/Ubuntu system from now on.
If it’s not the case, do this on a virtual machine with Debian/Ubuntu, or figure out yourself how to do it on your own system (be it OS X, Windows, or any other OS).

The installation breaks down into 6 steps:


	Install preliminary dependencies

	Create and configure the environment

	Configure the database

	Install TreeTagger

	Install datasets

	Check everything works




Note

This software was tested on Python 3.5 ONLY (which is what the docker container uses).
Any other version might (and probably will) generate unexpected errors.



Now let’s get started.


Install preliminary dependencies

First, there’s a bunch of packages we’re going to need: among them are virtualenv [http://www.virtualenv.org/en/latest/] and virtualenvwrapper [http://virtualenvwrapper.readthedocs.org/en/latest/] to isolate the environment, PostgreSQL for database handling, a LaTeX distribution for math rendering in figures, and some build-time dependencies.
To get all the necessary stuff in one fell swoop, run:

sudo apt-get install virtualenv virtualenvwrapper \
    postgresql postgresql-server-dev texlive texlive-latex-extra \
    pkg-config python3-dev build-essential \
    libfreetype6-dev libpng12-0 libpng12-dev tk-dev





Then close and reopen your terminal (this loads the virtualenvwrapper scripts at startup).




Create and configure the environment

Now clone the main repository and cd into it:

git clone https://github.com/wehlutyk/brainscopypaste
cd brainscopypaste





Next, create a Python 3 virtual environment, and install the dependencies:

# Create the virtual environment
mkvirtualenv -p $(which python3) brainscopypaste

# Install NumPy first, which is required for the second line to work
pip install $(cat requirements.txt | grep "^numpy")
pip install -r requirements.txt
# Finally install the `brainscopypaste` command-line tool
pip install --editable .





While these instructions should be pretty foolproof, installing some of the dependencies (notably Matplotlib) can be a bit complicated.
If you run into problems, look at the Matplotlib [http://matplotlib.org/] installation instructions.
Another solution is to use the Anaconda [https://www.continuum.io/why-anaconda] distribution (but you have to juggle with nested anaconda and virtualenv environments in that case).


Note

All further shell commands are assumed to be running inside this new virtual environment.
It is activated automatically after the mkvirtualenv command, but you can activate it manually in a new shell by running workon brainscopypaste.






Configure the database

First, the default configuration for PostgreSQL on Ubuntu requires a password for users other than postgres to connect, so we’re going to change that to make things simpler:
edit the /etc/postgresql/<postgres-version>/main/pg_hba.conf file (in my case, I run sudo nano /etc/postgresql/9.5/main/pg_hba.conf), and find the following lines, usually at the end of the file:

# "local" is for Unix domain socket connections only
local   all             all                                     peer
# IPv4 local connections:
host    all             all             127.0.0.1/32            md5
# IPv6 local connections:
host    all             all             ::1/128                 md5





Change the last column of those three lines to trust, so they look like this:

# "local" is for Unix domain socket connections only
local   all             all                                     trust
# IPv4 local connections:
host    all             all             127.0.0.1/32            trust
# IPv6 local connections:
host    all             all             ::1/128                 trust





This configures PostgreSQL so that any user in the local system can connect as any database user.
Then, restart the database service to apply the changes:

sudo service postgresql restart





Finally, create the user and databases used by the toolchain:

psql -c 'create user brainscopypaste;' -U postgres
psql -c 'create database brainscopypaste;' -U postgres
psql -c 'alter database brainscopypaste owner to brainscopypaste;' -U postgres
psql -c 'create database brainscopypaste_test;' -U postgres
psql -c 'alter database brainscopypaste_test owner to brainscopypaste;' -U postgres






Note

If you’d rather keep passwords for your local connections, then set a password for the brainscopypaste database user we just created, and put that password in the DB_PASSWORD variable of the Database credentials section of brainscopypaste/settings.py.






Install TreeTagger

TreeTagger [http://www.ims.uni-stuttgart.de/projekte/corplex/TreeTagger/] is used to extract POS tags and lemmas from sentences, so is needed for all mining steps.
Install it by running:

./install_treetagger.sh






Note

TreeTagger isn’t packaged for usual GNU/Linux distributions, and the above script will do the install locally for you.
If you’re running another OS, you’ll have to adapt the script to download the proper executable.
See the project website [http://www.ims.uni-stuttgart.de/projekte/corplex/TreeTagger/] for more information.






Install datasets

The analyses use the following datasets for mining and word feature extraction:


	WordNet [http://wordnet.princeton.edu/] data

	CMU Pronunciation Dictionary [http://www.speech.cs.cmu.edu/cgi-bin/cmudict] data

	Free Association Norms [http://w3.usf.edu/FreeAssociation/Intro.html]

	Age-of-Acquisition Norms [http://crr.ugent.be/archives/806]

	CLEARPOND [http://clearpond.northwestern.edu] data

	MemeTracker [http://memetracker.org/] dataset



You can install all of these in one go by running:

./install_datasets.sh






Note

Age-of-Acquisition Norms are in fact already included in the cloned repository, because they needed to be converted from xslx to csv format (which is a pain to do in Python).






Check everything works

The toolchain has an extensive test suite, which you should now be able to run.
Still in the main repository with the virtual environment activated, run:

py.test





This should take about 5-10 minutes to complete (it will skip a few tests since we haven’t computed all necessary features yet).

If you run into problems, say some tests are failing, try first rerunning the test suite (the language detection module introduces a little randomness, leading a few tests to fail sometimes), then double check all the instructions above to make sure you followed them well.
If the problem persists please create an issue [https://github.com/wehlutyk/brainscopypaste-paper/issues/new] on the repository’s bugtracker, because you may have found a bug!

If everything works, congrats!
You’re good to go to the next section: Usage.
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Usage

This section explains how to re-run the full analysis (including what is described in the paper).
The general flow for the analysis is as follows:


	Preload all necessary data, which consists of the following 3 steps:
	Load the MemeTracker data into the database

	Preprocess the MemeTracker data

	Load and compute word features





	Analyse substitutions mined by one model, which consists of the following 2 steps:
	Mine for substitutions

	Run the analysis notebooks







Once you did that for a particular substitution model, you can do the Analysis exploring all mining models.

Now let’s get all this running!


Preload all necessary data

The first big part is to load and preprocess all the bits necessary for the analysis. Let’s go:


Load the MemeTracker data into the database

The MemeTracker data comes in a text-based format, which isn’t suitable for the analysis we want to perform.
So the first thing we do is load it into a PostgreSQL database.
First, make sure the database service is running:

sudo service postgresql start





Then, from inside the analysis’ repository (with the virtual environment activated if you’re not using Docker — see the Setup section if you’re lost here), tell the toolchain to load the MemeTracker data into the database:

brainscopypaste load memetracker





This might take a while to complete, as the MemeTracker data takes up about 1GB and needs to be processed for the database.
The command-line tool will inform you about its progress.




Preprocess the MemeTracker data

Now, the data we just loaded contains quite some noise.
Our next step is to filter out all the noise we can, to work on a cleaner data set overall.
To do so, run:

brainscopypaste filter memetracker





This is also a bit long (but, as usual, informs you of the progress).




Load and compute word features

The final preloading step is to compute the features we’ll use on words involved in substitutions.
This comes after loading and filtering the MemeTracker data, since some features (like word frequency) are computed on the filtered MemeTracker data itself.
To load all the features, run:

brainscopypaste load features





Now you’re ready to mine substitutions and plot the results.






Analyse substitutions mined by one model

So first, choose a substitution model (read the paper [https://hal.archives-ouvertes.fr/hal-01143986/] for more information on this).
If you want to use the model detailed in the paper, just follow the instructions below.


Mine for substitutions

To mine for all the substitutions that the model presented in the paper detects, run:

brainscopypaste mine substitutions Time.discrete Source.majority Past.last_bin Durl.all 1





This will iterate through the MemeTracker data, detect all substitutions that conform to the main model presented in the paper, and store them in the database.

Head over to the Command-line interface reference for more details about what the arguments in this command mean.




Run the analysis notebooks

Once substitutions are mined, results are obtained by running the Jupyter notebooks located in the notebooks/ folder.
To do so, still in the same terminal, run:

jupyter notebook





Which will open the Jupyter file browser in your web browser.

Then click on the notebooks/ folder, and open any analysis notebook you want and run it.
All the figures presenting results in the paper come from these notebooks.


Note

If you used another substitution model than the one used above, you must correct the corresponding model = Model(...) line in the distance.ipynb, susceptibility.ipynb, and variation.ipynb notebooks.








Analysis exploring all mining models

Part of the robustness of the analysis comes from the fact that results are reproducible across substitution models.
To compute the results for all substitution models, you must first mine all the possible substitutions.
This can be done with the following command:

for time in discrete continuous; do \
  for source in majority all; do \
    for past in last_bin all; do \
      for durl in all exclude_past; do \
        for maxdistance in 1 2; do \
          echo "\n-----\n\nDoing Time.$time Source.$source Past.$past Durl.$durl $maxdistance"; \
          brainscopypaste mine substitutions Time.$time Source.$source Past.$past Durl.$durl $maxdistance; \
        done; \
      done; \
    done; \
  done; \
done;





(This will take a loooong time to complete.
The Time.continuous|discrete Source.all Past.all Durl.all 1|2 models especially, will use a lot of RAM.)

Once substitutions are mined for all possible models (or a subset of those), you can run notebooks for each model directly in the command-line (i.e. without having to open each notebook in the browser) with the brainscopypaste variant <model-parameters> <notebook-file> command.
It will create a copy of the notebook you asked for, set the proper model = Model(...) line in it, run it and save it in the data/notebooks/ folder.
All the figures produced by that notebook will also be saved in the data/figures/<model> - <notebook>/ folder.

So to run the whole analysis for all models, after mining for all models, run:

for time in discrete continuous; do \
  for source in majority all; do \
    for past in last_bin all; do \
      for durl in all exclude_past; do \
        for maxdistance in 1 2; do \
          echo "\n-----\n\nDoing Time.$time Source.$source Past.$past Durl.$durl $maxdistance"; \
          brainscopypaste variant Time.$time Source.$source Past.$past Durl.$durl $maxdistance notebooks/distance.ipynb; \
          brainscopypaste variant Time.$time Source.$source Past.$past Durl.$durl $maxdistance notebooks/susceptibility.ipynb; \
          brainscopypaste variant Time.$time Source.$source Past.$past Durl.$durl $maxdistance notebooks/variation.ipynb; \
        done; \
      done; \
    done; \
  done; \
done;





Needless to say, this plus mining will take at least a couple days to complete.

If you want to know more to try and hack on the analysis on the notebooks, head over to the Reference.
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Reference
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	Command-line interface

	Database models

	Features

	Filtering

	Data loading

	Substitution mining

	Tagger

	Utilities

	Settings
	Accessing settings: brainscopypaste.conf

	Defining settings: brainscopypaste.settings
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Command-line interface

CLI tool for stepping through the analysis.

Once you have the environment properly set up (see Setup), invoke this
tool with brainscopypaste <command>.

The documentation for this tool can be explored using brainscopypaste
--help or brainscopypaste <command> --help. If you are viewing these docs
in the browser, you will only see docstrings for convenience functions in the
module. The other docstrings appear in the source code, but are best explored
by calling the tool with --help.


	
brainscopypaste.cli._drop_features()[source]

	Drop computed features from the filesystem.






	
brainscopypaste.cli.cliobj()[source]

	Convenience function to launch the CLI tool, used by the setup.py
script.






	
brainscopypaste.cli.confirm(fillin)[source]

	Ask the user to confirm they want to drop the content described by
fillin.
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Database models

Database models and related utilities.

This module defines the database structure underlying storage for the analysis.
This consists in models that get turned into PostgreSQL tables by SQLAlchemy [http://www.sqlalchemy.org/], along with a few utility classes, functions and
exceptions around them.

Cluster and Quote represent respectively an individual
cluster or quote from the MemeTracker data set. Url represents a quote
occurrence, and those are stored as attributes of Quotes (as opposed
to in their own table). Substitution represents an individual
substitution mined with a given substitution Model.

Each model (except Url, which doesn’t have its own table) inherits the
BaseMixin, which defines the table name, id field, and provides a
common clone() method.

On top of that, models define a few computed properties (using the
utils.cache decorator) which provide useful information that doesn’t
need to be stored directly in the database (storing that in the database would
make first access faster, but introduces more possibilities of inconsistent
data if updates don’t align well). Cluster and Substitution
also inherit functionality from the mine, filter and
features modules, which you can inspect for more details.

Finally, this module defines save_by_copy(), a useful function to
efficiently import clusters and quotes in bulk into the database.


	
class brainscopypaste.db.ArrayOfEnum(item_type, as_tuple=False, dimensions=None, zero_indexes=False)[source]

	Bases: sqlalchemy.dialects.postgresql.base.ARRAY

ARRAY of ENUMs column type, which is not directly supported by DBAPIs.

This workaround is provided by SQLAchemy’s documentation [http://docs.sqlalchemy.org/en/rel_1_0/dialects/postgresql.html#using-enum-with-array].






	
class brainscopypaste.db.BaseMixin[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Common mixin for all models defining a table name, an id field, and a
clone() method.


	
clone(**fields)[source]

	Clone a model instance, excluding the original id and optionally
setting some fields to values provided as arguments.

Give the fields to override as keyword arguments, their values will be
set on the cloned instance. Any field that is not a known table column
is ignored.






	
id = Column(None, Integer(), table=None, primary_key=True, nullable=False)

	Primary key for the table.










	
class brainscopypaste.db.Cluster(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base, brainscopypaste.db.BaseMixin, brainscopypaste.filter.ClusterFilterMixin, brainscopypaste.mine.ClusterMinerMixin

Represent a MemeTracker cluster of quotes in the database.

Attributes below are defined as class attributes or
cached methods, but they appear as instance attributes
when you have an actual cluster instance. For instance, if cluster is a
Cluster instance, cluster.size will give you that instance’s
size.


See also

filter.ClusterFilterMixin, mine.ClusterMinerMixin




	
filtered

	Boolean indicating whether this cluster is part of the filtered (and
kept) set of clusters or not.






	
format_copy()[source]

	Create a string representing the cluster in a
cursor.copy_from() [http://initd.org/psycopg/docs/cursor.html#cursor.copy_from] or _copy() call.






	
format_copy_columns = ('id', 'sid', 'filtered', 'source')

	Tuple of column names that are used by format_copy().






	
frequency

	Complete number of occurrences of all the quotes in the cluster
(i.e. counting url frequencies).

Look at size_urls for a count that ignores url frequencies.






	
quotes

	List of Quotes in this cluster (this is a dynamic
relationship on which you can run queries).






	
sid

	Id of the cluster that originated this instance, i.e. the id as it
appears in the MemeTracker data set.






	
size

	Number of quotes in the cluster.






	
size_urls

	Number of urls of all the quotes in the cluster (i.e. not counting
url frequencies)

Look at frequency for a count that takes url frequencies into
account.






	
source

	Source data set from which this cluster originated. Currently this is
always memetracker.






	
span

	Span of the cluster (as a timedelta [https://docs.python.org/3.5/library/datetime.html#datetime.timedelta]), from first
to last occurrence.





	Raises:	ValueError


If no urls are defined on any quotes of the cluster.















	
urls

	Unordered list of Urls of all the quotes in the
cluster.










	
class brainscopypaste.db.ModelType(*args, **kwargs)[source]

	Bases: sqlalchemy.sql.type_api.TypeDecorator

Database type representing a substitution Model, used in
the definition of Substitution.


	
impl

	alias of String






	
process_bind_param(value, dialect)[source]

	Convert a Model to its database representation.






	
process_result_value(value, dialect)[source]

	Create a Model instance from its database
representation.










	
class brainscopypaste.db.Quote(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base, brainscopypaste.db.BaseMixin

Represent a MemeTracker quote in the database.

Attributes below are defined as class attributes or
cached methods, but they appear as instance attributes
when you have an actual quote instance. For instance, if quote is a
Quote instance, quote.size will give you that instance’s
size.

Note that children Urls are stored directly inside this model
through lists of url attributes, where a given url is defined by items at
the same index in the various lists. This is an internal detail, and you
should use the urls attribute to directly get a list of
Url objects.


	
add_url(url)[source]

	Add a Url to the quote.

The change is not automatically saved. If you want to persist this to
the database, you should do it inside a session and commit afterwards
(e.g. using session_scope()).





	Parameters:	url : Url


The url to add to the quote.







	Raises:	SealedException


If the urls attribute has already been accessed; since that
attribute is cached, adding a url to the quote
would invalidate the value.















	
add_urls(urls)[source]

	Add a list of Urls to the quote.

As for add_url(), the changes are not automatically saved. If you
want to persist this to the database, you should do it inside a session
and commit afterwards (e.g. using session_scope()).





	Parameters:	urls : list of Urls


The urls to add to the quote.







	Raises:	SealedException


If the urls attribute has already been accessed; since that
attribute is cached, adding urls to the quote
would invalidate the value.















	
cluster

	Parent Cluster.






	
cluster_id

	Parent cluster id.






	
filtered

	Boolean indicating whether this quote is part of the filtered (and kept)
set of quotes or not.






	
format_copy()[source]

	Create a string representing the quote and all its children urls in
a cursor.copy_from() [http://initd.org/psycopg/docs/cursor.html#cursor.copy_from] or _copy() call.






	
format_copy_columns = ('id', 'cluster_id', 'sid', 'filtered', 'string', 'url_timestamps', 'url_frequencies', 'url_url_types', 'url_urls')

	Tuple of column names that are used by format_copy().






	
frequency

	Complete number of occurrences of the quote (i.e. counting url
frequencies).

Look at size for a count that ignores url frequencies.






	
lemmas

	List of the lemmas in the quote’s string.





	Raises:	ValueError


If the quote’s string is None.















	
sid

	Id of the quote that originated this instance, i.e. the id as it
appears in the MemeTracker data set.






	
size

	Number of urls in the quote.

Look at frequency for a count that takes url frequencies into
account.






	
span

	Span of the quote (as a timedelta [https://docs.python.org/3.5/library/datetime.html#datetime.timedelta]), from first to
last occurrence.





	Raises:	ValueError


If no urls are defined on the quote.















	
string

	Text of the quote.






	
substitutions_destination

	List of Substitutions for which this quote is the destination
(this is a dynamic relationship on which you can run queries).






	
substitutions_source

	List of Substitutions for which this quote is the source
(this is a dynamic relationship on which you can run queries).






	
tags

	List of TreeTagger POS tags of the tokens in the quote’s string.





	Raises:	ValueError


If the quote’s string is None.















	
tokens

	List of the tokens in the quote’s string.





	Raises:	ValueError


If the quote’s string is None.















	
url_frequencies

	List of ints representing the frequencies of children urls (i.e. how
many times the quote string appears at each url).






	
url_timestamps

	List of datetime [https://docs.python.org/3.5/library/datetime.html#datetime.datetime]s representing the times at which
children urls appear.






	
url_url_types

	List of url_types representing the types of the children urls.






	
url_urls

	List of strs representing the URIs of the children urls.






	
urls

	Unordered list of Urls of the quote; use this to access
urls of the quote, instead of the url_* attributes.










	
exception brainscopypaste.db.SealedException[source]

	Bases: Exception [https://docs.python.org/3.5/library/exceptions.html#Exception]

Exception raised when trying to edit a model on which
cached methods have already been accessed.






	
class brainscopypaste.db.Substitution(**kwargs)[source]

	Bases: sqlalchemy.ext.declarative.api.Base, brainscopypaste.db.BaseMixin, brainscopypaste.mine.SubstitutionValidatorMixin, brainscopypaste.features.SubstitutionFeaturesMixin

Represent a substitution in the database from one Quote to another.

A substitution is the replacement of a word from one quote (or a substring
of that quote) in another quote. It is defined by a source quote, an occurrence of a destination quote, the position of a substring in the source
quote string, the position of the replaced word in that
substring, and the substitution model that detected the
substitution in the data set.

Attributes below are defined as class attributes or
cached methods, but they appear as instance attributes
when you have an actual substitution instance. For instance, if
substitution is a Substitution instance, substitution.tags
will give you that instance’s tags.


See also

mine.SubstitutionValidatorMixin, features.SubstitutionFeaturesMixin




	
destination

	Destination Quote for the substitution.






	
destination_id

	Id of the destination quote for the substitution.






	
lemmas

	Tuple of lemmas of the replaced and replacing words.






	
model

	Substitution detection Model that detected this
substitution.






	
occurrence

	Index of the destination Url in the destination quote.






	
position

	Position of the replaced word in the substring of the source quote
(which is also the position in the destination quote).






	
source

	Source Quote for the substitution.






	
source_id

	Id of the source quote for the substitution.






	
start

	Index of the beginning of the substring in the source quote.






	
tags

	Tuple of TreeTagger POS tags of the replaced and replacing words.






	
tokens

	Tuple of the replaced and replacing words (the tokens here are the
exact replaced and replacing words).










	
class brainscopypaste.db.Url(timestamp, frequency, url_type, url, quote=None)[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Represent a MemeTracker url in a Quote in the database.

The url occurrence is defined below as a cached
method, but it appears as an instance attribute when you have an actual url
instance. For instance, if url is a Url instance,
url.occurrence will give you that url’s occurrence.

Note that Urls are stored directly inside Quote
instances, and don’t have a dedicated database table.

Attributes







	quote
	(Quote) Parent quote.


	timestamp
	(datetime [https://docs.python.org/3.5/library/datetime.html#datetime.datetime]) Time at which the url occurred.


	frequency
	(int) Number of times the quote string appears at this url.


	url_type
	(url_type) Type of this url.


	url
	(str) URI of this url.






	
_Url__key()

	Unique identifier for this url, used to compute e.g. equality
between two Url instances.






	
occurrence

	Index of the url in the list of urls of the parent Quote.





	Raises:	ValueError


If the url’s quote attribute is None.



















	
brainscopypaste.db._copy(string, table, columns)[source]

	Execute a PostgreSQL COPY command.

COPY is one of the fastest methods to import data in bulk into PostgreSQL.
This function executes this operation through the raw psycopg2
cursor [http://initd.org/psycopg/docs/cursor.html#cursor] object.





	Parameters:	string : file-like object


Contents of the data to import into the database, formatted for the
COPY command (see PostgreSQL’s documentation [https://www.postgresql.org/docs/9.5/static/sql-copy.html] for more
details). Can be an io.StringIO [https://docs.python.org/3.5/library/io.html#io.StringIO] if you don’t want to use a
real file in the filesystem.




table : str


Name of the table into which the data is imported.




columns : list of str


List of the column names encoded in the string parameter. When
string is produced using Quote.format_copy() or
Cluster.format_copy() you can use the corresponding
Quote.format_copy_columns or
Cluster.format_copy_columns for this parameter.











See also

save_by_copy, Quote.format_copy, Cluster.format_copy








	
brainscopypaste.db.save_by_copy(clusters, quotes)[source]

	Import a list of clusters and a list of quotes into the database.

This function uses PostgreSQL’s COPY command to bulk import clusters and
quotes, and prints its progress to stdout.





	Parameters:	clusters : list of Clusters


List of clusters to import in the database.




quotes : list of Quotes


List of quotes to import in the database. Any clusters they reference
should be in the clusters parameter.











See also

load.MemeTrackerParser.parse








	
brainscopypaste.db.url_type = Enum('B', 'M', name='url_type', metadata=MetaData(bind=None))

	sqlalchemy.types.Enum [http://docs.sqlalchemy.org/en/rel_1_0/core/type_basics.html#sqlalchemy.types.Enum] of possible types of Urls from
the MemeTracker data set.
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Features

Features for words in substitutions.

This module defines the SubstitutionFeaturesMixin which is used to
augment Substitutions with convenience methods that give access
to feature values and related computed values (e.g. sentence-relative feature
values and values for composite features).

A few other utility functions that load data for the features are also defined.


	
class brainscopypaste.features.SubstitutionFeaturesMixin[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Mixin for Substitutions adding feature-related
functionality.

Methods in this class fall into 3 categories:


	Raw feature methods: they are memoized() class methods of
the form cls._feature_name(cls, word=None). Calling them with a word
returns either the feature value of that word, or np.nan if the word is
not encoded. Calling them with word=None returns the set of words
encoded by that feature (which is used to compute e.g. averages over the
pool of words encoded by that feature). Their docstring (which you will
see below if you’re reading this in a web browser) is the short name used
to identify e.g. the feature’s column in analyses in notebooks. These
methods are used internally by the class, to provide the next category of
methods.

	Useful feature methods that can be used in analyses: features(),
feature_average(), source_destination_features(),
components(), and component_average(). These methods use the
raw feature methods (previous category) and the utility methods (next
category) to compute feature or composite values (eventually relative to
sentence) on the source or destination words or sentences.

	Private utility methods: _component(),
_source_destination_components(), _average(),
_static_average(), _strict_synonyms(),
_substitution_features(), and _transformed_feature(). These
methods are used by the previous category of methods.



Read the source of the first category (raw features) to know how exactly an
individual feature is computed. Read the docstrings (and source) of the
second category (useful methods for analyses) to learn how to use this
class in analyses. Read the docstrings (and source) of the third category
(private utility methods) to learn how the whole class assembles its
different parts together.


	
classmethod _aoa(word=None)[source]

	age of acquisition






	
_average(func, source_synonyms)[source]

	Compute the average value of func over the words it codes, or over
the synonyms of this substitution’s source word.

If source_synonyms is True, the method computes the average feature
of the synonyms of the source word of this substitution. Otherwise, it
computes the average over all words coded by func.

The method is memoized() since it is called so often.





	Parameters:	func : function


The function to average. Calling func() must return the pool of
words that the function codes. Calling func(word) must return the
value for word.




source_synonyms : bool


If True, compute the average func of the synonyms of the source
word in this substitution. If False, compute the average over all
coded words.







	Returns:	float


Average func value.















	
classmethod _betweenness(word=None)[source]

	betweenness






	
classmethod _clustering(word=None)[source]

	clustering






	
classmethod _component(n, pca, feature_names)[source]

	Get a function computing the n-th component of pca using
feature_names.

The method is memoized() since it is called so often.





	Parameters:	n : int


Index of the component in pca that is to be computed.




pca : sklearn.decomposition.PCA [http://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA]


PCA [http://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA] instance that was computed
using the features listed in feature_names.




feature_names : tuple of str


Tuple of feature names used in the computation of pca.







	Returns:	component : function


The component function, with signature component(word=None). Call
component() to get the set of words encoded by that component
(which is the set of words encoded by all features in
feature_names). Call component(word) to get the component value
of word (or np.nan if word is not coded by that component).










Examples

Get the first component of “dog” in a PCA with very few words, using
features aoa, frequency, and letters_count:

>>> mixin = SubstitutionFeaturesMixin()
>>> feature_names = ('aoa', 'frequency', 'letters_count')
>>> features = list(map(mixin._transformed_feature,
...                     feature_names))
>>> values = np.array([[f(w) for f in features]
...                    for w in ['bird', 'cat', 'human']])
>>> from sklearn.decomposition import PCA
>>> pca = PCA(n_components=2)
>>> pca.fit(values)
>>> mixin._component(0, pca, feature_names)('dog')
-0.14284518091970733










	
classmethod _degree(word=None)[source]

	degree






	
classmethod _frequency(word=None)[source]

	frequency






	
classmethod _letters_count(word=None)[source]

	#letters






	
classmethod _orthographic_density(word=None)[source]

	orthographic nd






	
classmethod _pagerank(word=None)[source]

	pagerank






	
classmethod _phonemes_count(word=None)[source]

	<#phonemes>






	
classmethod _phonological_density(word=None)[source]

	phonological nd






	
_source_destination_components(n, pca, feature_names)[source]

	Compute the n-th component of pca for all words in source and
destination sentences of this substitution.

The method is memoized() since it is called so often.





	Parameters:	n : int


Index of the component in pca that is to be computed.




pca : sklearn.decomposition.PCA [http://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA]


PCA [http://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA] instance that was computed
using the features listed in feature_names.




feature_names : tuple of str


Tuple of feature names used in the computation of pca.







	Returns:	source_components : array of float


Array of component values for each word in the source sentence of
this substitution. Non-coded words appear as np.nan.




destination_components : array of float


Array of component values for each word in the destination sentence
of this substitution. Non-coded words appear as np.nan.















	
static _static_average(func)[source]

	Static version of _average(), without the source_synonyms
argument.

The method is memoized() since it is called so often.






	
classmethod _strict_synonyms(word)[source]

	Get the set of synonyms of word through WordNet, excluding word
itself; empty if nothing is found.






	
_substitution_features(name)[source]

	Compute feature name for source and destination words of this
substitution.

Feature values are transformed as explained in
_transformed_feature().

The method is memoized() since it is called so often.





	Parameters:	name : str


Name of the feature for which to compute source and destination
values.







	Returns:	tuple of float


Feature values of the source and destination words of this
substitution.















	
classmethod _syllables_count(word=None)[source]

	<#syllables>






	
classmethod _synonyms_count(word=None)[source]

	<#synonyms>






	
classmethod _transformed_feature(name)[source]

	Get a function computing feature name, transformed as defined by
__features__.

Some features have a very skewed distribution (e.g. exponential, where
a few words are valued orders of magnitude more than the vast majority
of words), so we use their log-transformed values in the analysis to
make them comparable to more regular features. The __features__
attribute (which appears in the source code but not in the web version
of these docs) defines which features are transformed how. Given a
feature name, this method will generate a function that proxies calls
to the raw feature method, and transforms the value if necessary.

This method is memoized() for speed, since other methods
call it all the time.





	Parameters:	name : str


Name of the feature for which to create a function, without
preceding underscore; for instance, call
cls._transformed_feature(‘aoa’) to get a function that uses the
_aoa() class method.







	Returns:	feature : function


The feature function, with signature feature(word=None). Call
feature() to get the set of words encoded by that feature. Call
feature(word) to get the transformed feature value of word (or
np.nan if word is not coded by that feature).










Examples

Get the transformed frequency value of “dog”:

>>> mixin = SubstitutionFeaturesMixin()
>>> logfrequency = mixin._transformed_feature('frequency')
>>> logfrequency('dog') == np.log(mixin._frequency('dog'))
True










	
component_average(n, pca, feature_names, source_synonyms=False, sentence_relative=None)[source]

	Compute the average, over all coded words or synonyms of this
substitution’s source word, of the n-th component of pca using
feature_names, possibly sentence-relative.

If source_synonyms is True, the method computes the average
component of the synonyms of the source word of this substitution.
Otherwise, it computes the average over all words coded by the
component.

If sentence_relative is not None, it indicates a NumPy function
used to aggregate word components in the source sentence of this
substitution; this method then returns the component average minus that
aggregate value. For instance, if sentence_relative=’median’, this
method returns the average component minus the median component value
in the source sentence (words valued at np.nan are ignored).

The method is memoized() since it is called so often.





	Parameters:	n : int


Index of the component in pca that is to be computed.




pca : sklearn.decomposition.PCA [http://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA]


PCA [http://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA] instance that was computed
using the features listed in feature_names.




feature_names : tuple of str


Tuple of feature names used in the computation of pca.




source_synonyms : bool, optional


If True, compute the average component of the synonyms of the
source word in this substitution. If False (default), compute the
average over all coded words.




sentence_relative : str, optional


If not None (which is the default), return average component
relative to component values of the source sentence of this
substitution aggregated by this function; must be a name for which
np.nan<sentence_relative> exists.







	Returns:	float


Average component, of all coded words or of synonyms of the
substitution’s source word (depending on source_synonyms),
relative to an aggregated source sentence value if
sentence_relative specifies it.















	
components(n, pca, feature_names, sentence_relative=None)[source]

	Compute the n-th components of pca for source and destination
words of this substitution, possibly sentence-relative.

If sentence_relative is not None, it indicates a NumPy function
used to aggregate word components in the source and destination
sentences of this substitution; this method then returns the
source/destination word component values minus the corresponding
aggregate value. For instance, if sentence_relative=’median’, this
method returns the source word component minus the median of the source
sentence, and the destination word component minus the median of the
destination sentence (words valued at np.nan are ignored).

The method is memoized() since it is called so often.





	Parameters:	n : int


Index of the component in pca that is to be computed.




pca : sklearn.decomposition.PCA [http://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA]


PCA [http://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA] instance that was computed
using the features listed in feature_names.




feature_names : tuple of str


Tuple of feature names used in the computation of pca.




sentence_relative : str, optional


If not None (which is the default), return components relative to
values of their corresponding sentence aggregated by this function;
must be a name for which np.nan<sentence_relative> exists.







	Returns:	tuple of float


Components (possibly sentence-relative) of the source and
destination words of this substitution.















	
feature_average(name, source_synonyms=False, sentence_relative=None)[source]

	Compute the average of feature name over all coded words or over
synonyms of this substitution’s source word, possibly
sentence-relative.

If source_synonyms is True, the method computes the average feature
of the synonyms of the source word of this substitution. Otherwise, it
computes the average over all words coded by the feature.

If sentence_relative is not None, it indicates a NumPy function
used to aggregate word features in the source sentence of this
substitution; this method then returns the feature average minus that
aggregate value. For instance, if sentence_relative=’median’, this
method returns the average feature minus the median feature value in
the source sentence (words valued at np.nan are ignored).

The method is memoized() since it is called so often.





	Parameters:	name : str


Name of the feature for which to compute an average.




source_synonyms : bool, optional


If True, compute the average feature of the synonyms of the
source word in this substitution. If False (default), compute the
average over all coded words.




sentence_relative : str, optional


If not None (which is the default), return average feature
relative to feature values of the source sentence of this
substitution aggregated by this function; must be a name for which
np.nan<sentence_relative> exists.







	Returns:	float


Average feature, of all coded words or of synonyms of the
substitution’s source word (depending on source_synonyms),
relative to an aggregated source sentence value if
sentence_relative specifies it.















	
features(name, sentence_relative=None)[source]

	Compute feature name for source and destination words of this
substitution, possibly sentence-relative.

Feature values are transformed as explained in
_transformed_feature().

If sentence_relative is not None, it indicates a NumPy function
used to aggregate word features in the source and destination sentences
of this substitution; this method then returns the source/destination
word feature values minus the corresponding aggregate value. For
instance, if sentence_relative=’median’, this method returns the
source word feature minus the median of the source sentence, and the
destination word feature minus the median of the destination sentence
(words valued at np.nan are ignored).

The method is memoized() since it is called so often.





	Parameters:	name : str


Name of the feature for which to compute source and destination
values.




sentence_relative : str, optional


If not None (which is the default), return features relative to
values of their corresponding sentence aggregated by this function;
must be a name for which np.nan<sentence_relative> exists.







	Returns:	tuple of float


Feature values (possibly sentence-relative) of the source and
destination words of this substitution.















	
source_destination_features(name, sentence_relative=None)[source]

	Compute the feature values for all words in source and destination
sentences of this substitution, possibly sentence-relative.

Feature values are transformed as explained in
_transformed_feature().

If sentence_relative is not None, it indicates a NumPy function
used to aggregate word features in the source and destination sentences
of this substitution; this method then returns the source/destination
feature values minus the corresponding aggregate value. For instance,
if sentence_relative=’median’, this method returns the source
sentence feature values minus the median of that same sentence, and the
destination sentence feature values minus the median of that same
sentence (words valued at np.nan are ignored).

The method is memoized() since it is called so often.





	Parameters:	name : str


Name of the feature for which to compute source and destination
values.




sentence_relative : str, optional


If not None (which is the default), return features relative to
values of their corresponding sentence aggregated by this function;
must be a name for which np.nan<sentence_relative> exists.







	Returns:	source_features : array of float


Array of feature values (possibly sentence-relative) for each word
in the source sentence of this substitution. Non-coded words appear
as np.nan.




destination_features : array of float


Array of feature values (possibly sentence-relative) for each word
in the destination sentence of this substitution. Non-coded words
appear as np.nan.



















	
brainscopypaste.features._get_aoa()[source]

	Get the Age-of-Acquisition data as a dict.

The method is memoized() since it is called so often.





	Returns:	dict


Association of words to their average age of acquisition. NA values
in the originating data set are ignored.















	
brainscopypaste.features._get_clearpond()[source]

	Get CLEARPOND neighbourhood density data as a dict.

The method is memoized() since it is called so often.





	Returns:	dict


Dict with two keys: orthographic and phonological. orthographic
contains a dict associating words to their orthographic neighbourhood
density (CLEARPOND’s OTAN column). phonological contains a dict
associating words to their phonological neighbourhood density
(CLEARPOND’s PTAN column).















	
brainscopypaste.features._get_pronunciations()[source]

	Get the CMU pronunciation data as a dict.

The method is memoized() since it is called so often.





	Returns:	dict


Association of words to their list of possible pronunciations.
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Filtering

Filter clusters and quotes to clean to MemeTracker dataset.

This module defines the ClusterFilterMixin mixin which adds filtering
capabilities to Cluster, and the filter_clusters() function
which uses that mixin to filter the whole MemeTracker dataset. A few other
utility functions are also defined.


	
exception brainscopypaste.filter.AlreadyFiltered[source]

	Bases: Exception [https://docs.python.org/3.5/library/exceptions.html#Exception]

Exception raised when trying to filter a dataset that has already been
filtered.






	
class brainscopypaste.filter.ClusterFilterMixin[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Mixin for Clusters adding the filter() method used
in filter_clusters().


	
filter()[source]

	Filter this Cluster and its children
Quotes to see if they’re worth keeping.

First, iterate through all the children Quotes of the
cluster, seeing if each one of them is worth keeping. A
Quote is discarded if it has no urls, less than
MT_FILTER_MIN_TOKENS, spans longer than
MT_FILTER_MAX_DAYS, or is not in English. Any
Quote that has none of those problems will be kept.

If after this filtering there are no Quotes left, or
the Cluster made of the remaining Quotes
still spans longer than MT_FILTER_MAX_DAYS, the
cluster and all its quotes will be discarded and None is returned.
If not, a new Cluster is created with cluster.filtered =
True and cluster.id = original_cluster.id +
filter_cluster_offset(). That new cluster points to copies of all
the kept Quotes, with quote.filtered = True and
quote.id = original_quote.id + filter_quote_offset(). All those
models (new cluster and new quotes) should later be saved to the
database (the method does not do it for you), e.g. by running this
method inside a session_scope().





	Returns:	cluster : Cluster or None


The filtered cluster pointing to filtered quotes, or None if it
is to be discarded.







	Raises:	AlreadyFiltered


If this cluster is already filtered (i.e.
filtered is True).



















	
brainscopypaste.filter._top_id(id)[source]

	Get the smallest power of ten three orders of magnitude greater than
id.

Used to compute filter_cluster_offset() and
filter_quote_offset().






	
brainscopypaste.filter.filter_cluster_offset()[source]

	Get the offset to add to filtered Cluster ids.

A filtered Cluster‘s id will be its original
Cluster‘s id plus this offset.  The function is
memoized() since it is called so often.






	
brainscopypaste.filter.filter_clusters(limit=None)[source]

	Filter the whole MemeTracker dataset by copying all valid
Clusters and Quotes and setting their
filtered attributes to True.

Iterate through all the MemeTracker Clusters, and filter
each of them to see if it’s worth keeping. If a Cluster is to
be kept, the function creates a copy of it and all of its kept
Quotes, marking them as filtered. Progress of this
operation is printed to stdout.

Once the operation finishes, a VACUUM and an ANALYZE operation are run on
the database so that it recomputes its optimisations.





	Parameters:	limit : int, optional


If not None, stop filtering after limit clusters have been seen
(useful for testing purposes).







	Raises:	AlreadyFiltered


If there are already some filtered Clusters or
Quotes stored in the database (indicating another
filtering operation has already been completed, or started and
aborted).















	
brainscopypaste.filter.filter_quote_offset()[source]

	Get the offset to add to filtered Quote ids.

A filtered Quote‘s id will be its original
Quote‘s id plus this offset.  The function is
memoized() since it is called so often.
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Data loading

Load data from various datasets.

This module defines functions and classes to load and parse dataset files.
load_fa_features() loads Free Association features (using
FAFeatureLoader) and load_mt_frequency_and_tokens() loads
MemeTracker features. Both save their computed features to pickle files for
later use in analyses. MemeTrackerParser parses and loads the whole
MemeTracker dataset into the database and is used by cli.


	
class brainscopypaste.load.FAFeatureLoader[source]

	Bases: brainscopypaste.load.Parser

Loader for the Free Association dataset and features.

This class defines a method to load the FA norms (_norms()), utility
methods to compute the different variants of graphs that can represent the
norms (_norms_graph(), _inverse_norms_graph(), and
_undirected_norms_graph()) or to help feature computation
(_remove_zeros()), and public methods that compute features on the FA
data (degree(), pagerank(), betweenness(), and
clustering()). Use a single class instance to compute all FA
features.


	
_inverse_norms_graph

	Get the Free Association directed graph with inverted weights.

This graph is useful for computing e.g. betweenness(), where link
strength should be considered an inverse cost (i.e. a stronger link is
easier to cross, instead of harder).

memoized() for performance of the class.





	Returns:	networkx.DiGraph() [https://networkx.readthedocs.io/en/stable/reference/classes.digraph.html#networkx.DiGraph]


The FA inversely weighted directed graph.















	
_norms

	Parse the Free Association Appendix A files into self.norms.

After loading, self.norms is a dict containing, for each
(lowercased) cue, a list of tuples. Each tuple represents a word
referenced by the cue, and is in format (word, ref, weight):
word is the referenced word; ref is a boolean indicating
if word has been normed or not; weight is the strength of
the referencing.

memoized() for performance of the class.






	
_norms_graph

	Get the Free Association weighted directed graph.

memoized() for performance of the class.





	Returns:	networkx.DiGraph() [https://networkx.readthedocs.io/en/stable/reference/classes.digraph.html#networkx.DiGraph]


The FA weighted directed graph.















	
classmethod _remove_zeros(feature)[source]

	Remove key-value pairs where value is zero, in dict feature.

Modifies the provided feature dict, and does not return anything.





	Parameters:	feature : dict


Any association of key-value pairs where values are numbers.
Usually a dict of words to feature values.















	
_undirected_norms_graph

	Get the Free Association weighted undirected graph.

When a pair of words is connected in both directions, the undirected
link between the two words receives the sum of the two directed link
weights. This is used to compute e.g. clustering(), which is
defined on the undirected (but weighted) FA graph.

memoized() for performance of the class.





	Returns:	networkx.Graph() [https://networkx.readthedocs.io/en/stable/reference/classes.graph.html#networkx.Graph]


The FA weighted undirected graph.















	
betweenness()[source]

	Compute betweenness centrality for words coded by Free Association.





	Returns:	betweenness : dict


The association of each word to its betweenness centrality. FA link
weights are considered as inverse cost in the computation (i.e. a
stronger link is easier to cross). Words with betweenness zero are
removed from the dict.















	
clustering()[source]

	Compute clustering coefficient for words coded by Free Association.





	Returns:	clustering : dict


The association of each word to its clustering coefficient. FA link
weights are taken into account in the computation, but direction of
links is ignored (if words are connected in both directions, the
link weights are added together). Words with clustering coefficient
zero are removed from the dict.















	
degree()[source]

	Compute in-degree centrality for words coded by Free Association.





	Returns:	degree : dict


The association of each word to its in-degree. Each incoming link
counts as 1 (i.e. link weights are ignored). Words with zero
incoming links are removed from the dict.















	
header_size = 4

	Size (in lines) of the header in files to be parsed.






	
pagerank()[source]

	Compute pagerank centrality for words coded by Free Association.





	Returns:	pagerank : dict


The association of each word to its pagerank. FA link weights are
taken into account in the computation. Words with pagerank zero are
removed from the dict.



















	
class brainscopypaste.load.MemeTrackerParser(filename, line_count, limit=None)[source]

	Bases: brainscopypaste.load.Parser

Parse the MemeTracker dataset into the database.

After initialisation, the parse() method does all the job. Its
internal work is done by the utility methods _parse(),
_parse_cluster_block() and _parse_line() (for actual parsing),
_handle_cluster(), _handle_quote() and _handle_url() (for
parsed data handling), and _check() (for consistency checking).





	Parameters:	filename : str


Path to the MemeTracker dataset file to parse.




line_count : int


Number of lines in filename, to help in showing a progress bar.
Should be computed beforehand with e.g. wc -l <filename>, so python
doesn’t need to load the complete file twice.




limit : int, optional


If not None (default), stops the parsing once limit clusters have
been read. Useful for testing purposes.











	
_check()[source]

	Check the consistency of the database with self._checks.

The original MemeTracker dataset specifies the number of quotes and
frequency for each cluster, and the number of urls and frequency for
each quote. This information is saved in self._checks during parsing.
This method iterates through the whole database of saved
Clusters and Quotes to check that their
counts correspond to what the MemeTracker dataset says (as stored in
self._checks).





	Raises:	ValueError


If any count in the database differs from its specification in
self._checks.















	
_handle_cluster(fields)[source]

	Handle a list of cluster fields to create a new Cluster.

The newly created Cluster is appended to
self._objects[‘clusters’], and corresponding fields are created in
self._checks.





	Parameters:	fields : list of str


List of fields defining the new cluster, as returned by
_parse_line().















	
_handle_quote(fields)[source]

	Handle a list of quote fields to create a new Quote.

The newly created Quote is appended to
self._objects[‘quotes’], and corresponding fields are created in
self._checks.





	Parameters:	fields : list of str


List of fields defining the new quote, as returned by
_parse_line().















	
_handle_url(fields)[source]

	Handle a list of url fields to create a new Url.

The newly created Url is stored on self._quote which
holds the currently parsed quote.





	Parameters:	fields : list of str


List of fields defining the new url, as returned by
_parse_line().















	
_parse()[source]

	Do the actual MemeTracker file parsing.

Initialises the parsing tracking variables, then delegates each new
cluster block to _parse_cluster_block(). Parsed clusters and
quotes are stored as Clusters and
Quotes in self._objects (to be saved later in
parse()). Frequency and url counts for clusters and quotes are
saved in self._checks for later checking in parse().






	
_parse_cluster_block()[source]

	Parse a block of lines representing a cluster in the source
MemeTracker file.

The Cluster itself is first created from
self._cluster_line with _handle_cluster(), then each following
line is delegated to _handle_quote() or _handle_url() until
exhaustion of this cluster block. During the parsing of this cluster,
self._cluster holds the current cluster being filled and
self._quote the current quote (both are cleaned up when the method
finishes). At the end of this block, the method increments
self._clusters_read and sets self._cluster_line to the line
defining the next cluster, or None if the end of file or self.limit
was reached.





	Raises:	ValueError


If self._cluster_line is not a line defining a new cluster.















	
classmethod _parse_line(line)[source]

	Parse line to determine if it’s a cluster-, quote- or url-line, or
anything else.





	Parameters:	line : str


A line from the MemeTracker dataset to parse.







	Returns:	tipe : str in {‘cluster’, ‘quote’, ‘url’} or None


The type of object that line defines; None if unknown or empty
line.




fields : list of str


List of the tab-separated fields in line.















	
header_size = 6

	Size (in lines) of the header in the MemeTracker file to be parsed.






	
parse()[source]

	Parse the whole MemeTracker file, save, optimise the database, and
check for consistency.

Parse the MemeTracker file with _parse() to create
Cluster and Quote database entries
corresponding to the dataset. The parsed data is then persisted to
database in one step (with save_by_copy()). The database is
then VACUUMed and ANALYZEd (with execute_raw()) to force
it to recompute its optimisations. Finally, the consistency of the
database is checked (with _check()) against number of quotes and
frequency in each cluster of the original file, and against number of
urls and frequency in each quote of the original file. Progress is
printed to stdout.

Note that if self.limit is not None, parsing will stop after
self.limit clusters have been read.

Once the parsing is finished, self.parsed is set to True.





	Raises:	ValueError


If this instance has already run a parsing.



















	
class brainscopypaste.load.Parser[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Mixin for file parsers providing the _skip_header() method.

Used by FAFeatureLoader and MemeTrackerParser.


	
_skip_header()[source]

	Skip self.header_size lines in the file self._file.










	
brainscopypaste.load.load_fa_features()[source]

	Load the Free Association dataset and save all its computed features to
pickle files.

FA degree, pagerank, betweenness, and clustering are computed using the
FAFeatureLoader class, and saved respectively to
DEGREE, PAGERANK,
BETWEENNESS and CLUSTERING. Progress
is printed to stdout.






	
brainscopypaste.load.load_mt_frequency_and_tokens()[source]

	Compute MemeTracker frequency codings and the list of available tokens.

Iterate through the whole MemeTracker dataset loaded into the database to
count word frequency and make a list of tokens encountered. Frequency
codings are then saved to FREQUENCY, and the list of
tokens is saved to TOKENS. The MemeTracker dataset must
have been loaded and filtered previously, or an excetion will be raised
(see Usage or cli for more about that). Progress is printed
to stdout.
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Substitution mining

Mine substitutions with various mining models.

This module defines several classes and mixins to mine substitutions in the
MemeTracker dataset with a series of different models.

Time, Source, Past and Durl together define
how a substitution Model behaves. Interval is a utility class
used internally in Model. The ClusterMinerMixin mixin builds
on this definition of a substitution model to provide
ClusterMinerMixin.substitutions() which iterates over all valid
substitutions in a Cluster. Finally,
mine_substitutions_with_model() brings ClusterMinerMixin and
SubstitutionValidatorMixin (which checks for spam substitutions)
together to mine for all substitutions in the dataset for a given
Model.


	
class brainscopypaste.mine.ClusterMinerMixin[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Mixin for Clusters that provides substitution mining
functionality.

This mixin defines the substitutions() method (based on the private
_substitutions() method) that iterates through all valid
substitutions for a given Model.


	
classmethod _substitutions(source, durl, model)[source]

	Iterate through all substitutions from source to durl considered
valid by model.

This method yields all the substitutions between source and durl
when model allows for multiple substitutions.





	Parameters:	source : Quote


Source for the substitutions.




durl : Url


Destination url for the substitutions.




model : Model


Model that validates the substitutions between source and durl.















	
substitutions(model)[source]

	Iterate through all substitutions in this cluster considered valid
by model.

Multiple occurrences of a sentence at the same url (url “frequency”)
are ignored, so as not to artificially inflate results.





	Parameters:	model : Model


Model for which to mine substitutions in this cluster.







	Yields:	substitution : Substitution


All the substitutions in this cluster considered valid by model.
When model allows for multiple substitutions between a quote and
a destination url, each substitution is yielded individually. Any
substitution yielded is attached to this cluster, so if you use
this in a session_scope() substitutions will be saved
automatically unless you explicitly rollback the session.



















	
class brainscopypaste.mine.Durl[source]

	Bases: enum.Enum [https://docs.python.org/3.5/library/enum.html#enum.Enum]

Type of quotes accepted as substitution destinations.


	
_member_type_

	alias of object [https://docs.python.org/3.5/library/functions.html#object]






	
all = <Durl.all: 1>

	All quotes are potential destinations for substitutions.






	
exclude_past = <Durl.exclude_past: 2>

	Excluded past rule: only quotes that do not appear in what Time
and Past define as “the past” can be the destination of a
substitution.










	
class brainscopypaste.mine.Interval(start, end)[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Time interval defined by start and end
datetime [https://docs.python.org/3.5/library/datetime.html#datetime.datetime]s.





	Parameters:	start : :class:datetime.datetime


The interval’s start (or left) bound.




end : :class:datetime.datetime


The interval’s end (or right) bound.







	Raises:	Exception


If start is strictly after end in time.










Examples

Test if a datetime [https://docs.python.org/3.5/library/datetime.html#datetime.datetime] is in an interval:

>>> from datetime import datetime
>>> itv = Interval(datetime(2016, 7, 5, 12, 15, 5),
...                datetime(2016, 7, 9, 13, 30, 0))
>>> datetime(2016, 7, 8) in itv
True
>>> datetime(2016, 8, 1) in itv
False






	
_Interval__key()

	Unique identifier for this interval, used to compute e.g. equality
between two Interval instances.










	
class brainscopypaste.mine.Model(time, source, past, durl, max_distance)[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Substitution mining model.

A mining model is defined by the combination of one parameter for each of
Time, Source, Past, Durl, and a maximum
hamming distance between source string (or substring) and destination
string. This class represents such a model. It defines a couple of utility
functions used in ClusterMinerMixin (find_start() and
past_surls()), and a validate() method which determines if a
given substitution conforms to the model. Other methods, prefixed with an
underscore, are utilities for the methods cited above.





	Parameters:	time : Time


Type of time defining how occurrence bins of the model are positioned.




source : Source


Type of quotes that the model accepts as substitution sources.




past : Past


How far back does the model look for substitution sources.




durl : Durl


Type of quotes that the model accepts as substitution destinations.




max_distance : int


Maximum number of substitutions between a source string (or substring)
and a destination string that the model will detect.







	Raises:	Exception


If max_distance is more than half of
MT_FILTER_MIN_TOKENS.











	
_Model__key()

	Unique identifier for this model, used to compute e.g. equality
between two Model instances.






	
_distance_start(source, durl)[source]

	Get a (distance, start) tuple indicating the minimal distance
between source and durl, and the position of source‘s substring
that achieves that minimum.

This is in fact an alias for what the model considers to be valid
transformations and how to define them, but provides proper
encapsulation of concerns.






	
_ok(*args, **kwargs)[source]

	Dummy method used when a validation should always pass.






	
_past(cluster, durl)[source]

	Get an Interval representing what this model considers to
be the past before durl.

See Time and Past to understand what this interval
looks like. This method is memoized() for performance.






	
_validate_base(source, durl)[source]

	Check that source has at least one occurrence in what this model
considers to be the past before durl.






	
_validate_distance(source, durl)[source]

	Check that source and durl differ by no more than
self.max_distance.






	
_validate_durl(source, durl)[source]

	Check that durl is an acceptable substitution destination
occurrence for this model.

This method proxies to the proper validation method, depending on the
value of self.durl.






	
_validate_durl_exclude_past(source, durl)[source]

	Check that durl verifies the excluded past rule.






	
_validate_source(source, durl)[source]

	Check that source is an acceptable substitution source for this
model.

This method proxies to the proper validation method, depending on the
value of self.source.






	
_validate_source_majority(source, durl)[source]

	Check that source verifies the majority rule.






	
bin_span = datetime.timedelta(1)

	Span of occurrence bins the model makes.






	
drop_caches()[source]

	Drop the caches of all memoized() methods of the
class.






	
find_start(source, durl)[source]

	Get the position of the substring of source that achieves minimal
distance to durl.






	
past_surls(cluster, durl)[source]

	Get the list of all Urls that are in what this model
considers to be the past before durl.

This method is memoized() for performance.






	
validate(source, durl)[source]

	Test if potential substitutions from source quote to durl
destination url are valid for this model.

This method is memoized() for performance.





	Parameters:	source : Quote


Candidate source quote for substitutions; the substitutions can be
from a substring of source.string.




durl : Url


Candidate destination url for the substitutions.







	Returns:	bool


True if the proposed source and destination url are considered
valid by this model, False otherwise.



















	
class brainscopypaste.mine.Past[source]

	Bases: enum.Enum [https://docs.python.org/3.5/library/enum.html#enum.Enum]

How far back in the past can a substitution find its source.


	
_member_type_

	alias of object [https://docs.python.org/3.5/library/functions.html#object]






	
all = <Past.all: 1>

	The past is everything: substitution sources can be in any bin preceding
the destination occurrence (which is an interval that can end at
midnight before the destination occurrence when using
Time.discrete).






	
last_bin = <Past.last_bin: 2>

	The past is the last bin: substitution sources must be in the bin
preceding the destination occurrence (which can end at midnight before
the destination occurrence when using Time.discrete).










	
class brainscopypaste.mine.Source[source]

	Bases: enum.Enum [https://docs.python.org/3.5/library/enum.html#enum.Enum]

Type of quotes accepted as substitution sources.


	
_member_type_

	alias of object [https://docs.python.org/3.5/library/functions.html#object]






	
all = <Source.all: 1>

	All quotes are potential sources for substitutions.






	
majority = <Source.majority: 2>

	Majority rule: only quotes that are the most frequent in the considered
past bin can be the source of substitutions (note that several quotes in
a single bin can have the same maximal frequency).










	
class brainscopypaste.mine.SubstitutionValidatorMixin[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Mixin for Substitution that adds validation functionality.

A non-negligible part of the substitutions found by
ClusterMinerMixin are spam or changes we’re not interested in:
minor spelling changes, abbreviations, changes of articles, symptoms of a
deleted word that appear as substitutions, etc. This class defines the
validate() method, which tests for all these cases and returns
whether or not the substitution is worth keeping.


	
validate()[source]

	Check whether or not this substitution is worth keeping.










	
class brainscopypaste.mine.Time[source]

	Bases: enum.Enum [https://docs.python.org/3.5/library/enum.html#enum.Enum]

Type of time that determines the positioning of occurrence bins.


	
_member_type_

	alias of object [https://docs.python.org/3.5/library/functions.html#object]






	
continuous = <Time.continuous: 1>

	Continuous time: bins are sliding, end at the destination occurrence,
and start Model.bin_span before that.






	
discrete = <Time.discrete: 2>

	Discrete time: bins are aligned at midnight, end at or before the
destination occurrence, and start Model.bin_span before that.










	
brainscopypaste.mine._get_wordnet_words()[source]

	Get the set of all words known by WordNet.

This is the set of all lemma names for all synonym sets in WordNet.






	
brainscopypaste.mine.mine_substitutions_with_model(model, limit=None)[source]

	Mine all substitutions in the MemeTracker dataset conforming to model.

Iterates through the whole MemeTracker dataset to find all substitutions
that are considered valid by model, and save the results to the database.
The MemeTracker dataset must have been loaded and filtered previously, or
an excetion will be raised (see Usage or cli for more about
that). Mined substitutions are saved each time the function moves to a new
cluster, and progress is printed to stdout. The number of substitutions
seen and the number of substitutions kept (i.e. validated by
SubstitutionValidatorMixin.validate()) are also printed to stdout.





	Parameters:	model : Model


The substitution model to use for mining.




limit : int, optional


If not None (default), mining will stop after limit clusters have
been examined.







	Raises:	Exception


If no filtered clusters are found in the database, or if there already
are some substitutions from model model in the database.
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Utilities

Miscellaneous utilities.


	
class brainscopypaste.utils.Namespace(init_dict)[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Convert a dict to a namespace by creating a class out of it.





	Parameters:	init_dict : dict


The dict you wish to turn into a namespace.















	
exception brainscopypaste.utils.NotFoundError[source]

	Bases: Exception [https://docs.python.org/3.5/library/exceptions.html#Exception]

Signal a file or directory can’t be found.






	
class brainscopypaste.utils.Stopwords[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Detect if a word is a stopword.

Prefer using this module’s stopwords instance of this class for
stopword-checking.


	
_load()[source]

	Read and load the underlying stopwords file.










	
class brainscopypaste.utils.cache(method, name=None)[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Compute an attribute’s value and cache it in the instance.

This is meant to be used as a decorator on class methods, to turn them into
cached computed attributes: the value is computed the first time you access
the attribute, and this decorator then replaces the method with the
computed value. Any subsequent access gives you the cached value
immediately.

Taken from the Python Cookbook (Denis Otkidach) [http://stackoverflow.com/users/168352/denis-otkidach].






	
brainscopypaste.utils.execute_raw(engine, statement)[source]

	Execute the raw SQL statement statement on SQLAlchemy engine engine.

Useful to run ANALYZE or VACUUM operations on the database.





	Parameters:	engine : sqlalchemy.engine.Engine [http://docs.sqlalchemy.org/en/rel_1_0/core/connections.html#sqlalchemy.engine.Engine]


The engine to run statement on.




statement : str


A valid SQL statement for engine.















	
brainscopypaste.utils.find_parent_rel_dir(rel_dir)[source]

	Find a relative directory in parent directories.

Searches for directory rel_dir in all parent directories of the current
directory.





	Parameters:	rel_dir : string


The relative directory to search for.







	Returns:	d : string


Full path to the first found directory.







	Raises:	NotFoundError


If no relative directory is found in the parent directories.















	
brainscopypaste.utils.grouper(iterable, n, fillvalue=None)[source]

	Iterate over n-wide slices of iterable, filling the
last slice with fillvalue.

See grouper_adaptive() for a version of this that doesn’t fill the
last slice.






	
brainscopypaste.utils.grouper_adaptive(iterable, n)[source]

	Iterate over n-wide slices of iterable, ending the last slice once
iterable is empty.

See grouper_adaptive() for a version of this that fills the last
slice with a value of your choosing.






	
brainscopypaste.utils.hamming(s1, s2)[source]

	Compute the hamming distance between strings or lists s1 and s2.






	
brainscopypaste.utils.init_db(echo_sql=False)[source]

	Connect to the database and bind db‘s Session object to it.

Uses the DB_USER and DB_PASSWORD
credentials to connect to PostgreSQL database DB_NAME.
It binds the Session object in db to this engine, and returns the
engine object. Note that once this is done, you can directly use
session_scope() since it uses the right Session object.





	Parameters:	echo_sql : bool, optional


If True, print to stdout all SQL commands sent to the engine;
defaults to False.







	Returns:	sqlalchemy.engine.Engine [http://docs.sqlalchemy.org/en/rel_1_0/core/connections.html#sqlalchemy.engine.Engine]


The engine connected to the database.















	
brainscopypaste.utils.is_int(s)[source]

	Test if s is a string that represents an integer; returns True if
so, False in any other case.






	
brainscopypaste.utils.is_same_ending_us_uk_spelling(w1, w2)[source]

	Test if w1 and w2 differ by only the last two letters inverted,
as in center/centre (words must be at least 4 letters).






	
brainscopypaste.utils.iter_parent_dirs(rel_dir)[source]

	Iterate through parent directories of current working directory,
appending rel_dir to those successive directories.






	
brainscopypaste.utils.langdetect(sentence)[source]

	Detect the language of sentence.






	
brainscopypaste.utils.levenshtein(s1, s2)[source]

	Compute the levenshtein distance between strings or lists s1 and
s2.






	
brainscopypaste.utils.memoized(f)[source]

	Decorate a function to cache its return value the first time it is
called.

If called later with the same arguments, the cached value is returned
(not reevaluated).






	
brainscopypaste.utils.mkdirp(folder)[source]

	Create folder if it doesn’t exist.






	
brainscopypaste.utils.mpl_palette(n_colors, variation='Set2')[source]

	Get any seaborn palette as a usable matplotlib colormap.






	
brainscopypaste.utils.session_scope()[source]

	Provide an SQLAlchemy transactional scope around a series of
operations.

Wrap your SQLAlchemy operations (queries, insertions, modifications, etc.)
in a with session_scope() as session block to deal with sessions
easily.  Changes are committed when the block finishes. If an exception
occurrs in the block, the session is rolled back and the exception
propagated.






	
brainscopypaste.utils.stopwords = <brainscopypaste.utils.Stopwords object>

	Instance of Stopwords to be used for stopword-testing.






	
brainscopypaste.utils.subhamming(s1, s2)[source]

	Compute the minimum hamming distance between s2 and all sublists of
s1 as long as s2, returning (distance, sublist start in s1).






	
brainscopypaste.utils.sublists(s, l)[source]

	Get all sublists of s of length l.






	
brainscopypaste.utils.unpickle(filename)[source]

	Load a pickle file at path filename.

This function is memoized() so a file is only loaded the first time.
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Settings

Settings for the whole analysis are defined in the
brainscopypaste.settings module, and should be accessed through the
brainscopypaste.conf module as explained below.


Accessing settings: brainscopypaste.conf

Manage settings from the settings module, allowing overriding of
some values.

Use the settings class instance from this module to access settings
from any other module: from brainscopypaste.conf import settings. Note that
only uppercase variables from the settings module are taken into
account, the rest is ignored.


	
class brainscopypaste.conf.Settings[source]

	Bases: object [https://docs.python.org/3.5/library/functions.html#object]

Hold all settings for the analysis, managing and proxying access to the
settings module.

Only uppercase variables from the settings module are taken into
account, the rest is ignored. This class also lets you override values with
a context manager to make testing easier. See the override() and
file_override() methods for more details.

Use the settings instance of this class to access a singleton
version of the settings for the whole analysis. Overridden values then
appear overridden to all other modules (i.e. for all accesses) until the
context manager is closed.


	
_override(name, value)[source]

	Override name with value, after some checks.

The method checks that name is an uppercase string, and that it
exists in the known settings. Use this when writing a context manager
that wraps the operation in try/finally blocks, then restores the
default behaviour.





	Parameters:	name : str


Uppercase string denoting a known setting to be overridden.




value : object


Value to replace the setting with.







	Raises:	ValueError


If name is not an uppercase string or is not a known setting
name.















	
_setup()[source]

	Set uppercase variables from the settings module as
attributes on this instance.






	
file_override(*names)[source]

	Context manager that overrides a file setting by pointing it to an
empty temporary file for the duration of the context.

Some values in the settings module are file paths, and you
might want to easily override the contents of that file for a block
of code. This method lets you do just that: it will create a temporary
file for a setting you wish to override, point that setting to the new
empty file, and clean up once the context closes. This is a shortcut
for override() when working on files whose contents you want to
override.





	Parameters:	names : list of str


List of setting names you want to override with temporary files.







	Raises:	ValueError


If any member of names is not an uppercase string or is not a
known setting name.











See also

override



Examples

Override the Age-of-Acquisition source file to e.g. test code that
imports it as a word feature:

>>> from brainscopypaste.conf import settings
>>> with settings.file_override('AOA'):
...    with open(settings.AOA, 'w') as aoa:
...        # Write test content to the temporary AOA file.
...    # Test your code on the temporary AOA content.
>>> # `settings.AOA` is back to default here.










	
override(*names_values)[source]

	Context manager that overrides setting values for the duration of
the context.

Use this method to override one or several setting values for a block
of code, then have those settings go back to their default value. Very
useful when writing tests.





	Parameters:	names_values : list of tuples


List of (name, value) tuples defining which settings to override
with what value. Setting names must already exist (you can’t use
this to create a new entry).







	Raises:	ValueError


If any of the name values in names_values is not an uppercase
string or is not a known setting name.











See also

file_override



Examples

Override MemeTracker filter settings for the duration of a test:

>>> from brainscopypaste.conf import settings
>>> with settings.override(('MT_FILTER_MIN_TOKENS', 2),
...                        ('MT_FILTER_MAX_DAYS, 50)):
...     # Here: some test code using the overridden settings.
>>> # `settings` is back to default here.














	
brainscopypaste.conf.settings = <brainscopypaste.conf.Settings object>

	Instance of the Settings class that should be used to access
settings. See that class’s documentation for more information.








Defining settings: brainscopypaste.settings

Definition of the overall settings for the analysis.

Edit this module to permanently change settings for the analysis. Do NOT
directly import this module if you want to access these settings from inside
some other code; to do so see conf.settings (which also lets you
temporarily override settings).

All uppercase variables defined in this module are considered settings, the
rest is ignored.


See Also

brainscopypaste.conf.Settings


	
brainscopypaste.settings.AOA = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/AoA/Kuperman-BRM-data-2012.csv'

	Path to the file containing word age of acquisition data.






	
brainscopypaste.settings.BETWEENNESS = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/betweenness.pickle'

	Path to the pickle file containing word betweeness centrality values.






	
brainscopypaste.settings.CLEARPOND = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/clearpond/englishCPdatabase2.txt'

	Path to the file containing word neighbourhood density data.






	
brainscopypaste.settings.CLUSTERING = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/clustering.pickle'

	Path to the pickle file containing word clustering coefficient values.






	
brainscopypaste.settings.DB_NAME = 'brainscopypaste'

	Name of the PostgreSQL database used to store analysis data.






	
brainscopypaste.settings.DB_NAME_TEST = 'brainscopypaste_test'

	Name of the PostgreSQL database used to store test data.






	
brainscopypaste.settings.DB_PASSWORD = ''

	PostgreSQL connection user password.






	
brainscopypaste.settings.DB_USER = 'brainscopypaste'

	PostgreSQL connection user name.






	
brainscopypaste.settings.DEGREE = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/degree.pickle'

	Path to the pickle file containing word degree centrality values.






	
brainscopypaste.settings.FA_SOURCES = ['/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/Cue_Target_Pairs.A-B', '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/Cue_Target_Pairs.C', '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/Cue_Target_Pairs.D-F', '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/Cue_Target_Pairs.G-K', '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/Cue_Target_Pairs.L-O', '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/Cue_Target_Pairs.P-R', '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/Cue_Target_Pairs.S', '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/Cue_Target_Pairs.T-Z']

	List of files making up the Free Association data.






	
brainscopypaste.settings.FIGURE = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/figures/{}.png'

	Template for the file path to a figure from the main analysis that is to be
saved.






	
brainscopypaste.settings.FIGURE_VARIANTS = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/figures/{notebook}/{model}'

	Template for the folder containing all the figures of a notebook variant
with a specific substitution-detection model.






	
brainscopypaste.settings.FREQUENCY = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/MemeTracker/frequency.pickle'

	Path to the pickle file containing word frequency values.






	
brainscopypaste.settings.MT_FILTER_MAX_DAYS = 80

	Maximum number of days a quote or a cluster can span to be kept by the
MemeTracker filter.






	
brainscopypaste.settings.MT_FILTER_MIN_TOKENS = 5

	Minimum number of tokens a quote must have to be kept by the MemeTracker
filter.






	
brainscopypaste.settings.MT_LENGTH = 8357595

	Number of lines in the MT_SOURCE file (pre-computed with wc -l
<memetracker-file>); used by MemeTrackerParser.






	
brainscopypaste.settings.MT_SOURCE = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/MemeTracker/clust-qt08080902w3mfq5.txt'

	Path to the source MemeTracker data set.






	
brainscopypaste.settings.NOTEBOOK = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/notebooks/{model} - {notebook}'

	Template for the file path to a notebook variant with a specific
substitution-detection model.






	
brainscopypaste.settings.PAGERANK = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/FreeAssociation/pagerank.pickle'

	Path to the pickle file containing word pagerank centrality values.






	
brainscopypaste.settings.STOPWORDS = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/stopwords.txt'

	Path to the file containing the list of stopwords.






	
brainscopypaste.settings.TOKENS = '/home/docs/checkouts/readthedocs.org/user_builds/brainscopypaste/checkouts/latest/docs/data/MemeTracker/tokens.pickle'

	Path to the pickle file containing the list of known tokens.






	
brainscopypaste.settings.TREETAGGER_TAGDIR = 'treetagger'

	TreeTagger library folder.
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# sql/schema.py
# Copyright (C) 2005-2016 the SQLAlchemy authors and contributors
# <see AUTHORS file>
#
# This module is part of SQLAlchemy and is released under
# the MIT License: http://www.opensource.org/licenses/mit-license.php

"""The schema module provides the building blocks for database metadata.

Each element within this module describes a database entity which can be
created and dropped, or is otherwise part of such an entity.  Examples include
tables, columns, sequences, and indexes.

All entities are subclasses of :class:`~sqlalchemy.schema.SchemaItem`, and as
defined in this module they are intended to be agnostic of any vendor-specific
constructs.

A collection of entities are grouped into a unit called
:class:`~sqlalchemy.schema.MetaData`. MetaData serves as a logical grouping of
schema elements, and can also be associated with an actual database connection
such that operations involving the contained elements can contact the database
as needed.

Two of the elements here also build upon their "syntactic" counterparts, which
are defined in :class:`~sqlalchemy.sql.expression.`, specifically
:class:`~sqlalchemy.schema.Table` and :class:`~sqlalchemy.schema.Column`.
Since these objects are part of the SQL expression language, they are usable
as components in SQL expressions.

"""
from __future__ import absolute_import

import inspect
from .. import exc, util, event, inspection
from .base import SchemaEventTarget, DialectKWArgs
from . import visitors
from . import type_api
from .base import _bind_or_error, ColumnCollection
from .elements import ClauseElement, ColumnClause, _truncated_label, \
    _as_truncated, TextClause, _literal_as_text,\
    ColumnElement, _find_columns, quoted_name
from .selectable import TableClause
import collections
import sqlalchemy
from . import ddl
import types

RETAIN_SCHEMA = util.symbol('retain_schema')

BLANK_SCHEMA = util.symbol(
    'blank_schema',
    """Symbol indicating that a :class:`.Table` or :class:`.Sequence`
    should have 'None' for its schema, even if the parent
    :class:`.MetaData` has specified a schema.

    .. versionadded:: 1.0.14

    """
)


def _get_table_key(name, schema):
    if schema is None:
        return name
    else:
        return schema + "." + name


@inspection._self_inspects
class SchemaItem(SchemaEventTarget, visitors.Visitable):
    """Base class for items that define a database schema."""

    __visit_name__ = 'schema_item'

    def _execute_on_connection(self, connection, multiparams, params):
        return connection._execute_default(self, multiparams, params)

    def _init_items(self, *args):
        """Initialize the list of child items for this SchemaItem."""

        for item in args:
            if item is not None:
                item._set_parent_with_dispatch(self)

    def get_children(self, **kwargs):
        """used to allow SchemaVisitor access"""
        return []

    def __repr__(self):
        return util.generic_repr(self, omit_kwarg=['info'])

    @property
    @util.deprecated('0.9', 'Use ``<obj>.name.quote``')
    def quote(self):
        """Return the value of the ``quote`` flag passed
        to this schema object, for those schema items which
        have a ``name`` field.

        """

        return self.name.quote

    @util.memoized_property
    def info(self):
        """Info dictionary associated with the object, allowing user-defined
        data to be associated with this :class:`.SchemaItem`.

        The dictionary is automatically generated when first accessed.
        It can also be specified in the constructor of some objects,
        such as :class:`.Table` and :class:`.Column`.

        """
        return {}

    def _schema_item_copy(self, schema_item):
        if 'info' in self.__dict__:
            schema_item.info = self.info.copy()
        schema_item.dispatch._update(self.dispatch)
        return schema_item


class Table(DialectKWArgs, SchemaItem, TableClause):
    """Represent a table in a database.

    e.g.::

        mytable = Table("mytable", metadata,
                        Column('mytable_id', Integer, primary_key=True),
                        Column('value', String(50))
                   )

    The :class:`.Table` object constructs a unique instance of itself based
    on its name and optional schema name within the given
    :class:`.MetaData` object. Calling the :class:`.Table`
    constructor with the same name and same :class:`.MetaData` argument
    a second time will return the *same* :class:`.Table` object - in this way
    the :class:`.Table` constructor acts as a registry function.

    .. seealso::

        :ref:`metadata_describing` - Introduction to database metadata

    Constructor arguments are as follows:

    :param name: The name of this table as represented in the database.

        The table name, along with the value of the ``schema`` parameter,
        forms a key which uniquely identifies this :class:`.Table` within
        the owning :class:`.MetaData` collection.
        Additional calls to :class:`.Table` with the same name, metadata,
        and schema name will return the same :class:`.Table` object.

        Names which contain no upper case characters
        will be treated as case insensitive names, and will not be quoted
        unless they are a reserved word or contain special characters.
        A name with any number of upper case characters is considered
        to be case sensitive, and will be sent as quoted.

        To enable unconditional quoting for the table name, specify the flag
        ``quote=True`` to the constructor, or use the :class:`.quoted_name`
        construct to specify the name.

    :param metadata: a :class:`.MetaData` object which will contain this
        table.  The metadata is used as a point of association of this table
        with other tables which are referenced via foreign key.  It also
        may be used to associate this table with a particular
        :class:`.Connectable`.

    :param \*args: Additional positional arguments are used primarily
        to add the list of :class:`.Column` objects contained within this
        table. Similar to the style of a CREATE TABLE statement, other
        :class:`.SchemaItem` constructs may be added here, including
        :class:`.PrimaryKeyConstraint`, and :class:`.ForeignKeyConstraint`.

    :param autoload: Defaults to False, unless :paramref:`.Table.autoload_with`
        is set in which case it defaults to True; :class:`.Column` objects
        for this table should be reflected from the database, possibly
        augmenting or replacing existing :class:`.Column` objects that were
        expicitly specified.

        .. versionchanged:: 1.0.0 setting the :paramref:`.Table.autoload_with`
           parameter implies that :paramref:`.Table.autoload` will default
           to True.

        .. seealso::

            :ref:`metadata_reflection_toplevel`

    :param autoload_replace: Defaults to ``True``; when using
        :paramref:`.Table.autoload`
        in conjunction with :paramref:`.Table.extend_existing`, indicates
        that :class:`.Column` objects present in the already-existing
        :class:`.Table` object should be replaced with columns of the same
        name retrieved from the autoload process.   When ``False``, columns
        already present under existing names will be omitted from the
        reflection process.

        Note that this setting does not impact :class:`.Column` objects
        specified programmatically within the call to :class:`.Table` that
        also is autoloading; those :class:`.Column` objects will always
        replace existing columns of the same name when
        :paramref:`.Table.extend_existing` is ``True``.

        .. versionadded:: 0.7.5

        .. seealso::

            :paramref:`.Table.autoload`

            :paramref:`.Table.extend_existing`

    :param autoload_with: An :class:`.Engine` or :class:`.Connection` object
        with which this :class:`.Table` object will be reflected; when
        set to a non-None value, it implies that :paramref:`.Table.autoload`
        is ``True``.   If left unset, but :paramref:`.Table.autoload` is
        explicitly set to ``True``, an autoload operation will attempt to
        proceed by locating an :class:`.Engine` or :class:`.Connection` bound
        to the underlying :class:`.MetaData` object.

        .. seealso::

            :paramref:`.Table.autoload`

    :param extend_existing: When ``True``, indicates that if this
        :class:`.Table` is already present in the given :class:`.MetaData`,
        apply further arguments within the constructor to the existing
        :class:`.Table`.

        If :paramref:`.Table.extend_existing` or
        :paramref:`.Table.keep_existing` are not set, and the given name
        of the new :class:`.Table` refers to a :class:`.Table` that is
        already present in the target :class:`.MetaData` collection, and
        this :class:`.Table` specifies additional columns or other constructs
        or flags that modify the table's state, an
        error is raised.  The purpose of these two mutually-exclusive flags
        is to specify what action should be taken when a :class:`.Table`
        is specified that matches an existing :class:`.Table`, yet specifies
        additional constructs.

        :paramref:`.Table.extend_existing` will also work in conjunction
        with :paramref:`.Table.autoload` to run a new reflection
        operation against the database, even if a :class:`.Table`
        of the same name is already present in the target
        :class:`.MetaData`; newly reflected :class:`.Column` objects
        and other options will be added into the state of the
        :class:`.Table`, potentially overwriting existing columns
        and options of the same name.

        .. versionchanged:: 0.7.4 :paramref:`.Table.extend_existing` will
           invoke a new reflection operation when combined with
           :paramref:`.Table.autoload` set to True.

        As is always the case with :paramref:`.Table.autoload`,
        :class:`.Column` objects can be specified in the same :class:`.Table`
        constructor, which will take precedence.  Below, the existing
        table ``mytable`` will be augmented with :class:`.Column` objects
        both reflected from the database, as well as the given :class:`.Column`
        named "y"::

            Table("mytable", metadata,
                        Column('y', Integer),
                        extend_existing=True,
                        autoload=True,
                        autoload_with=engine
                    )

        .. seealso::

            :paramref:`.Table.autoload`

            :paramref:`.Table.autoload_replace`

            :paramref:`.Table.keep_existing`


    :param implicit_returning: True by default - indicates that
        RETURNING can be used by default to fetch newly inserted primary key
        values, for backends which support this.  Note that
        create_engine() also provides an implicit_returning flag.

    :param include_columns: A list of strings indicating a subset of
        columns to be loaded via the ``autoload`` operation; table columns who
        aren't present in this list will not be represented on the resulting
        ``Table`` object. Defaults to ``None`` which indicates all columns
        should be reflected.

    :param info: Optional data dictionary which will be populated into the
        :attr:`.SchemaItem.info` attribute of this object.

    :param keep_existing: When ``True``, indicates that if this Table
        is already present in the given :class:`.MetaData`, ignore
        further arguments within the constructor to the existing
        :class:`.Table`, and return the :class:`.Table` object as
        originally created. This is to allow a function that wishes
        to define a new :class:`.Table` on first call, but on
        subsequent calls will return the same :class:`.Table`,
        without any of the declarations (particularly constraints)
        being applied a second time.

        If :paramref:`.Table.extend_existing` or
        :paramref:`.Table.keep_existing` are not set, and the given name
        of the new :class:`.Table` refers to a :class:`.Table` that is
        already present in the target :class:`.MetaData` collection, and
        this :class:`.Table` specifies additional columns or other constructs
        or flags that modify the table's state, an
        error is raised.  The purpose of these two mutually-exclusive flags
        is to specify what action should be taken when a :class:`.Table`
        is specified that matches an existing :class:`.Table`, yet specifies
        additional constructs.

        .. seealso::

            :paramref:`.Table.extend_existing`

    :param listeners: A list of tuples of the form ``(<eventname>, <fn>)``
        which will be passed to :func:`.event.listen` upon construction.
        This alternate hook to :func:`.event.listen` allows the establishment
        of a listener function specific to this :class:`.Table` before
        the "autoload" process begins.  Particularly useful for
        the :meth:`.DDLEvents.column_reflect` event::

            def listen_for_reflect(table, column_info):
                "handle the column reflection event"
                # ...

            t = Table(
                'sometable',
                autoload=True,
                listeners=[
                    ('column_reflect', listen_for_reflect)
                ])

    :param mustexist: When ``True``, indicates that this Table must already
        be present in the given :class:`.MetaData` collection, else
        an exception is raised.

    :param prefixes:
        A list of strings to insert after CREATE in the CREATE TABLE
        statement.  They will be separated by spaces.

    :param quote: Force quoting of this table's name on or off, corresponding
        to ``True`` or ``False``.  When left at its default of ``None``,
        the column identifier will be quoted according to whether the name is
        case sensitive (identifiers with at least one upper case character are
        treated as case sensitive), or if it's a reserved word.  This flag
        is only needed to force quoting of a reserved word which is not known
        by the SQLAlchemy dialect.

    :param quote_schema: same as 'quote' but applies to the schema identifier.

    :param schema: The schema name for this table, which is required if
        the table resides in a schema other than the default selected schema
        for the engine's database connection.  Defaults to ``None``.

        If the owning :class:`.MetaData` of this :class:`.Table` specifies
        its own :paramref:`.MetaData.schema` parameter, then that schema
        name will be applied to this :class:`.Table` if the schema parameter
        here is set to ``None``.  To set a blank schema name on a :class:`.Table`
        that would otherwise use the schema set on the owning :class:`.MetaData`,
        specify the special symbol :attr:`.BLANK_SCHEMA`.

        .. versionadded:: 1.0.14  Added the :attr:`.BLANK_SCHEMA` symbol to
           allow a :class:`.Table` to have a blank schema name even when the
           parent :class:`.MetaData` specifies :paramref:`.MetaData.schema`.

        The quoting rules for the schema name are the same as those for the
        ``name`` parameter, in that quoting is applied for reserved words or
        case-sensitive names; to enable unconditional quoting for the
        schema name, specify the flag
        ``quote_schema=True`` to the constructor, or use the
        :class:`.quoted_name` construct to specify the name.

    :param useexisting: Deprecated.  Use :paramref:`.Table.extend_existing`.

    :param \**kw: Additional keyword arguments not mentioned above are
        dialect specific, and passed in the form ``<dialectname>_<argname>``.
        See the documentation regarding an individual dialect at
        :ref:`dialect_toplevel` for detail on documented arguments.

    """

    __visit_name__ = 'table'

    def __new__(cls, *args, **kw):
        if not args:
            # python3k pickle seems to call this
            return object.__new__(cls)

        try:
            name, metadata, args = args[0], args[1], args[2:]
        except IndexError:
            raise TypeError("Table() takes at least two arguments")

        schema = kw.get('schema', None)
        if schema is None:
            schema = metadata.schema
        elif schema is BLANK_SCHEMA:
            schema = None
        keep_existing = kw.pop('keep_existing', False)
        extend_existing = kw.pop('extend_existing', False)
        if 'useexisting' in kw:
            msg = "useexisting is deprecated.  Use extend_existing."
            util.warn_deprecated(msg)
            if extend_existing:
                msg = "useexisting is synonymous with extend_existing."
                raise exc.ArgumentError(msg)
            extend_existing = kw.pop('useexisting', False)

        if keep_existing and extend_existing:
            msg = "keep_existing and extend_existing are mutually exclusive."
            raise exc.ArgumentError(msg)

        mustexist = kw.pop('mustexist', False)
        key = _get_table_key(name, schema)
        if key in metadata.tables:
            if not keep_existing and not extend_existing and bool(args):
                raise exc.InvalidRequestError(
                    "Table '%s' is already defined for this MetaData "
                    "instance.  Specify 'extend_existing=True' "
                    "to redefine "
                    "options and columns on an "
                    "existing Table object." % key)
            table = metadata.tables[key]
            if extend_existing:
                table._init_existing(*args, **kw)
            return table
        else:
            if mustexist:
                raise exc.InvalidRequestError(
                    "Table '%s' not defined" % (key))
            table = object.__new__(cls)
            table.dispatch.before_parent_attach(table, metadata)
            metadata._add_table(name, schema, table)
            try:
                table._init(name, metadata, *args, **kw)
                table.dispatch.after_parent_attach(table, metadata)
                return table
            except:
                with util.safe_reraise():
                    metadata._remove_table(name, schema)

    @property
    @util.deprecated('0.9', 'Use ``table.schema.quote``')
    def quote_schema(self):
        """Return the value of the ``quote_schema`` flag passed
        to this :class:`.Table`.
        """

        return self.schema.quote

    def __init__(self, *args, **kw):
        """Constructor for :class:`~.schema.Table`.

        This method is a no-op.   See the top-level
        documentation for :class:`~.schema.Table`
        for constructor arguments.

        """
        # __init__ is overridden to prevent __new__ from
        # calling the superclass constructor.

    def _init(self, name, metadata, *args, **kwargs):
        super(Table, self).__init__(
            quoted_name(name, kwargs.pop('quote', None)))
        self.metadata = metadata

        self.schema = kwargs.pop('schema', None)
        if self.schema is None:
            self.schema = metadata.schema
        elif self.schema is BLANK_SCHEMA:
            self.schema = None
        else:
            quote_schema = kwargs.pop('quote_schema', None)
            self.schema = quoted_name(self.schema, quote_schema)

        self.indexes = set()
        self.constraints = set()
        self._columns = ColumnCollection()
        PrimaryKeyConstraint()._set_parent_with_dispatch(self)
        self.foreign_keys = set()
        self._extra_dependencies = set()
        if self.schema is not None:
            self.fullname = "%s.%s" % (self.schema, self.name)
        else:
            self.fullname = self.name

        autoload_with = kwargs.pop('autoload_with', None)
        autoload = kwargs.pop('autoload', autoload_with is not None)
        # this argument is only used with _init_existing()
        kwargs.pop('autoload_replace', True)
        include_columns = kwargs.pop('include_columns', None)

        self.implicit_returning = kwargs.pop('implicit_returning', True)

        if 'info' in kwargs:
            self.info = kwargs.pop('info')
        if 'listeners' in kwargs:
            listeners = kwargs.pop('listeners')
            for evt, fn in listeners:
                event.listen(self, evt, fn)

        self._prefixes = kwargs.pop('prefixes', [])

        self._extra_kwargs(**kwargs)

        # load column definitions from the database if 'autoload' is defined
        # we do it after the table is in the singleton dictionary to support
        # circular foreign keys
        if autoload:
            self._autoload(metadata, autoload_with, include_columns)

        # initialize all the column, etc. objects.  done after reflection to
        # allow user-overrides
        self._init_items(*args)

    def _autoload(self, metadata, autoload_with, include_columns,
                  exclude_columns=()):

        if autoload_with:
            autoload_with.run_callable(
                autoload_with.dialect.reflecttable,
                self, include_columns, exclude_columns
            )
        else:
            bind = _bind_or_error(
                metadata,
                msg="No engine is bound to this Table's MetaData. "
                "Pass an engine to the Table via "
                "autoload_with=<someengine>, "
                "or associate the MetaData with an engine via "
                "metadata.bind=<someengine>")
            bind.run_callable(
                bind.dialect.reflecttable,
                self, include_columns, exclude_columns
            )

    @property
    def _sorted_constraints(self):
        """Return the set of constraints as a list, sorted by creation
        order.

        """
        return sorted(self.constraints, key=lambda c: c._creation_order)

    @property
    def foreign_key_constraints(self):
        """:class:`.ForeignKeyConstraint` objects referred to by this
        :class:`.Table`.

        This list is produced from the collection of :class:`.ForeignKey`
        objects currently associated.

        .. versionadded:: 1.0.0

        """
        return set(fkc.constraint for fkc in self.foreign_keys)

    def _init_existing(self, *args, **kwargs):
        autoload_with = kwargs.pop('autoload_with', None)
        autoload = kwargs.pop('autoload', autoload_with is not None)
        autoload_replace = kwargs.pop('autoload_replace', True)
        schema = kwargs.pop('schema', None)
        if schema and schema != self.schema:
            raise exc.ArgumentError(
                "Can't change schema of existing table from '%s' to '%s'",
                (self.schema, schema))

        include_columns = kwargs.pop('include_columns', None)

        if include_columns is not None:
            for c in self.c:
                if c.name not in include_columns:
                    self._columns.remove(c)

        for key in ('quote', 'quote_schema'):
            if key in kwargs:
                raise exc.ArgumentError(
                    "Can't redefine 'quote' or 'quote_schema' arguments")

        if 'info' in kwargs:
            self.info = kwargs.pop('info')

        if autoload:
            if not autoload_replace:
                exclude_columns = [c.name for c in self.c]
            else:
                exclude_columns = ()
            self._autoload(
                self.metadata, autoload_with,
                include_columns, exclude_columns)

        self._extra_kwargs(**kwargs)
        self._init_items(*args)

    def _extra_kwargs(self, **kwargs):
        self._validate_dialect_kwargs(kwargs)

    def _init_collections(self):
        pass

    @util.memoized_property
    def _autoincrement_column(self):
        for col in self.primary_key:
            if (col.autoincrement and col.type._type_affinity is not None and
                    issubclass(col.type._type_affinity,
                               type_api.INTEGERTYPE._type_affinity) and
                    (not col.foreign_keys or
                     col.autoincrement == 'ignore_fk') and
                    isinstance(col.default, (type(None), Sequence)) and
                    (col.server_default is None or
                     col.server_default.reflected)):
                return col

    @property
    def key(self):
        """Return the 'key' for this :class:`.Table`.

        This value is used as the dictionary key within the
        :attr:`.MetaData.tables` collection.   It is typically the same
        as that of :attr:`.Table.name` for a table with no
        :attr:`.Table.schema` set; otherwise it is typically of the form
        ``schemaname.tablename``.

        """
        return _get_table_key(self.name, self.schema)

    def __repr__(self):
        return "Table(%s)" % ', '.join(
            [repr(self.name)] + [repr(self.metadata)] +
            [repr(x) for x in self.columns] +
            ["%s=%s" % (k, repr(getattr(self, k))) for k in ['schema']])

    def __str__(self):
        return _get_table_key(self.description, self.schema)

    @property
    def bind(self):
        """Return the connectable associated with this Table."""

        return self.metadata and self.metadata.bind or None

    def add_is_dependent_on(self, table):
        """Add a 'dependency' for this Table.

        This is another Table object which must be created
        first before this one can, or dropped after this one.

        Usually, dependencies between tables are determined via
        ForeignKey objects.   However, for other situations that
        create dependencies outside of foreign keys (rules, inheriting),
        this method can manually establish such a link.

        """
        self._extra_dependencies.add(table)

    def append_column(self, column):
        """Append a :class:`~.schema.Column` to this :class:`~.schema.Table`.

        The "key" of the newly added :class:`~.schema.Column`, i.e. the
        value of its ``.key`` attribute, will then be available
        in the ``.c`` collection of this :class:`~.schema.Table`, and the
        column definition will be included in any CREATE TABLE, SELECT,
        UPDATE, etc. statements generated from this :class:`~.schema.Table`
        construct.

        Note that this does **not** change the definition of the table
        as it exists within any underlying database, assuming that
        table has already been created in the database.   Relational
        databases support the addition of columns to existing tables
        using the SQL ALTER command, which would need to be
        emitted for an already-existing table that doesn't contain
        the newly added column.

        """

        column._set_parent_with_dispatch(self)

    def append_constraint(self, constraint):
        """Append a :class:`~.schema.Constraint` to this
        :class:`~.schema.Table`.

        This has the effect of the constraint being included in any
        future CREATE TABLE statement, assuming specific DDL creation
        events have not been associated with the given
        :class:`~.schema.Constraint` object.

        Note that this does **not** produce the constraint within the
        relational database automatically, for a table that already exists
        in the database.   To add a constraint to an
        existing relational database table, the SQL ALTER command must
        be used.  SQLAlchemy also provides the
        :class:`.AddConstraint` construct which can produce this SQL when
        invoked as an executable clause.

        """

        constraint._set_parent_with_dispatch(self)

    def append_ddl_listener(self, event_name, listener):
        """Append a DDL event listener to this ``Table``.

        .. deprecated:: 0.7
            See :class:`.DDLEvents`.

        """

        def adapt_listener(target, connection, **kw):
            listener(event_name, target, connection)

        event.listen(self, "" + event_name.replace('-', '_'), adapt_listener)

    def _set_parent(self, metadata):
        metadata._add_table(self.name, self.schema, self)
        self.metadata = metadata

    def get_children(self, column_collections=True,
                     schema_visitor=False, **kw):
        if not schema_visitor:
            return TableClause.get_children(
                self, column_collections=column_collections, **kw)
        else:
            if column_collections:
                return list(self.columns)
            else:
                return []

    def exists(self, bind=None):
        """Return True if this table exists."""

        if bind is None:
            bind = _bind_or_error(self)

        return bind.run_callable(bind.dialect.has_table,
                                 self.name, schema=self.schema)

    def create(self, bind=None, checkfirst=False):
        """Issue a ``CREATE`` statement for this
        :class:`.Table`, using the given :class:`.Connectable`
        for connectivity.

        .. seealso::

            :meth:`.MetaData.create_all`.

        """

        if bind is None:
            bind = _bind_or_error(self)
        bind._run_visitor(ddl.SchemaGenerator,
                          self,
                          checkfirst=checkfirst)

    def drop(self, bind=None, checkfirst=False):
        """Issue a ``DROP`` statement for this
        :class:`.Table`, using the given :class:`.Connectable`
        for connectivity.

        .. seealso::

            :meth:`.MetaData.drop_all`.

        """
        if bind is None:
            bind = _bind_or_error(self)
        bind._run_visitor(ddl.SchemaDropper,
                          self,
                          checkfirst=checkfirst)

    def tometadata(self, metadata, schema=RETAIN_SCHEMA,
                   referred_schema_fn=None, name=None):
        """Return a copy of this :class:`.Table` associated with a different
        :class:`.MetaData`.

        E.g.::

            m1 = MetaData()

            user = Table('user', m1, Column('id', Integer, priamry_key=True))

            m2 = MetaData()
            user_copy = user.tometadata(m2)

        :param metadata: Target :class:`.MetaData` object, into which the
         new :class:`.Table` object will be created.

        :param schema: optional string name indicating the target schema.
         Defaults to the special symbol :attr:`.RETAIN_SCHEMA` which indicates
         that no change to the schema name should be made in the new
         :class:`.Table`.  If set to a string name, the new :class:`.Table`
         will have this new name as the ``.schema``.  If set to ``None``, the
         schema will be set to that of the schema set on the target
         :class:`.MetaData`, which is typically ``None`` as well, unless
         set explicitly::

            m2 = MetaData(schema='newschema')

            # user_copy_one will have "newschema" as the schema name
            user_copy_one = user.tometadata(m2, schema=None)

            m3 = MetaData()  # schema defaults to None

            # user_copy_two will have None as the schema name
            user_copy_two = user.tometadata(m3, schema=None)

        :param referred_schema_fn: optional callable which can be supplied
         in order to provide for the schema name that should be assigned
         to the referenced table of a :class:`.ForeignKeyConstraint`.
         The callable accepts this parent :class:`.Table`, the
         target schema that we are changing to, the
         :class:`.ForeignKeyConstraint` object, and the existing
         "target schema" of that constraint.  The function should return the
         string schema name that should be applied.
         E.g.::

                def referred_schema_fn(table, to_schema,
                                                constraint, referred_schema):
                    if referred_schema == 'base_tables':
                        return referred_schema
                    else:
                        return to_schema

                new_table = table.tometadata(m2, schema="alt_schema",
                                        referred_schema_fn=referred_schema_fn)

         .. versionadded:: 0.9.2

        :param name: optional string name indicating the target table name.
         If not specified or None, the table name is retained.  This allows
         a :class:`.Table` to be copied to the same :class:`.MetaData` target
         with a new name.

         .. versionadded:: 1.0.0

        """
        if name is None:
            name = self.name
        if schema is RETAIN_SCHEMA:
            schema = self.schema
        elif schema is None:
            schema = metadata.schema
        key = _get_table_key(name, schema)
        if key in metadata.tables:
            util.warn("Table '%s' already exists within the given "
                      "MetaData - not copying." % self.description)
            return metadata.tables[key]

        args = []
        for c in self.columns:
            args.append(c.copy(schema=schema))
        table = Table(
            name, metadata, schema=schema,
            *args, **self.kwargs
        )
        for c in self.constraints:
            if isinstance(c, ForeignKeyConstraint):
                referred_schema = c._referred_schema
                if referred_schema_fn:
                    fk_constraint_schema = referred_schema_fn(
                        self, schema, c, referred_schema)
                else:
                    fk_constraint_schema = (
                        schema if referred_schema == self.schema else None)
                table.append_constraint(
                    c.copy(schema=fk_constraint_schema, target_table=table))
            elif not c._type_bound:
                # skip unique constraints that would be generated
                # by the 'unique' flag on Column
                if isinstance(c, UniqueConstraint) and \
                    len(c.columns) == 1 and \
                        list(c.columns)[0].unique:
                    continue

                table.append_constraint(
                    c.copy(schema=schema, target_table=table))
        for index in self.indexes:
            # skip indexes that would be generated
            # by the 'index' flag on Column
            if len(index.columns) == 1 and \
                    list(index.columns)[0].index:
                continue
            Index(index.name,
                  unique=index.unique,
                  *[table.c[col] for col in index.columns.keys()],
                  **index.kwargs)
        return self._schema_item_copy(table)


class Column(SchemaItem, ColumnClause):
    """Represents a column in a database table."""

    __visit_name__ = 'column'

    def __init__(self, *args, **kwargs):
        """
        Construct a new ``Column`` object.

        :param name: The name of this column as represented in the database.
          This argument may be the first positional argument, or specified
          via keyword.

          Names which contain no upper case characters
          will be treated as case insensitive names, and will not be quoted
          unless they are a reserved word.  Names with any number of upper
          case characters will be quoted and sent exactly.  Note that this
          behavior applies even for databases which standardize upper
          case names as case insensitive such as Oracle.

          The name field may be omitted at construction time and applied
          later, at any time before the Column is associated with a
          :class:`.Table`.  This is to support convenient
          usage within the :mod:`~sqlalchemy.ext.declarative` extension.

        :param type\_: The column's type, indicated using an instance which
          subclasses :class:`~sqlalchemy.types.TypeEngine`.  If no arguments
          are required for the type, the class of the type can be sent
          as well, e.g.::

            # use a type with arguments
            Column('data', String(50))

            # use no arguments
            Column('level', Integer)

          The ``type`` argument may be the second positional argument
          or specified by keyword.

          If the ``type`` is ``None`` or is omitted, it will first default to
          the special type :class:`.NullType`.  If and when this
          :class:`.Column` is made to refer to another column using
          :class:`.ForeignKey` and/or :class:`.ForeignKeyConstraint`, the type
          of the remote-referenced column will be copied to this column as
          well, at the moment that the foreign key is resolved against that
          remote :class:`.Column` object.

          .. versionchanged:: 0.9.0
            Support for propagation of type to a :class:`.Column` from its
            :class:`.ForeignKey` object has been improved and should be
            more reliable and timely.

        :param \*args: Additional positional arguments include various
          :class:`.SchemaItem` derived constructs which will be applied
          as options to the column.  These include instances of
          :class:`.Constraint`, :class:`.ForeignKey`, :class:`.ColumnDefault`,
          and :class:`.Sequence`.  In some cases an equivalent keyword
          argument is available such as ``server_default``, ``default``
          and ``unique``.

        :param autoincrement: This flag may be set to ``False`` to
          indicate an integer primary key column that should not be
          considered to be the "autoincrement" column, that is
          the integer primary key column which generates values
          implicitly upon INSERT and whose value is usually returned
          via the DBAPI cursor.lastrowid attribute.   It defaults
          to ``True`` to satisfy the common use case of a table
          with a single integer primary key column.  If the table
          has a composite primary key consisting of more than one
          integer column, set this flag to True only on the
          column that should be considered "autoincrement".

          The setting *only* has an effect for columns which are:

          * Integer derived (i.e. INT, SMALLINT, BIGINT).

          * Part of the primary key

          * Not refering to another column via :class:`.ForeignKey`, unless
            the value is specified as ``'ignore_fk'``::

                # turn on autoincrement for this column despite
                # the ForeignKey()
                Column('id', ForeignKey('other.id'),
                            primary_key=True, autoincrement='ignore_fk')

            It is typically not desirable to have "autoincrement" enabled
            on such a column as its value intends to mirror that of a
            primary key column elsewhere.

          * have no server side or client side defaults (with the exception
            of Postgresql SERIAL).

          The setting has these two effects on columns that meet the
          above criteria:

          * DDL issued for the column will include database-specific
            keywords intended to signify this column as an
            "autoincrement" column, such as AUTO INCREMENT on MySQL,
            SERIAL on Postgresql, and IDENTITY on MS-SQL.  It does
            *not* issue AUTOINCREMENT for SQLite since this is a
            special SQLite flag that is not required for autoincrementing
            behavior.

            .. seealso::

                :ref:`sqlite_autoincrement`

          * The column will be considered to be available as
            cursor.lastrowid or equivalent, for those dialects which
            "post fetch" newly inserted identifiers after a row has
            been inserted (SQLite, MySQL, MS-SQL).  It does not have
            any effect in this regard for databases that use sequences
            to generate primary key identifiers (i.e. Firebird, Postgresql,
            Oracle).

          .. versionchanged:: 0.7.4
              ``autoincrement`` accepts a special value ``'ignore_fk'``
              to indicate that autoincrementing status regardless of foreign
              key references.  This applies to certain composite foreign key
              setups, such as the one demonstrated in the ORM documentation
              at :ref:`post_update`.

        :param default: A scalar, Python callable, or
            :class:`.ColumnElement` expression representing the
            *default value* for this column, which will be invoked upon insert
            if this column is otherwise not specified in the VALUES clause of
            the insert. This is a shortcut to using :class:`.ColumnDefault` as
            a positional argument; see that class for full detail on the
            structure of the argument.

            Contrast this argument to :paramref:`.Column.server_default`
            which creates a default generator on the database side.

            .. seealso::

                :ref:`metadata_defaults_toplevel`

        :param doc: optional String that can be used by the ORM or similar
            to document attributes.   This attribute does not render SQL
            comments (a future attribute 'comment' will achieve that).

        :param key: An optional string identifier which will identify this
            ``Column`` object on the :class:`.Table`. When a key is provided,
            this is the only identifier referencing the ``Column`` within the
            application, including ORM attribute mapping; the ``name`` field
            is used only when rendering SQL.

        :param index: When ``True``, indicates that the column is indexed.
            This is a shortcut for using a :class:`.Index` construct on the
            table. To specify indexes with explicit names or indexes that
            contain multiple columns, use the :class:`.Index` construct
            instead.

        :param info: Optional data dictionary which will be populated into the
            :attr:`.SchemaItem.info` attribute of this object.

        :param nullable: If set to the default of ``True``, indicates the
            column will be rendered as allowing NULL, else it's rendered as
            NOT NULL. This parameter is only used when issuing CREATE TABLE
            statements.

        :param onupdate: A scalar, Python callable, or
            :class:`~sqlalchemy.sql.expression.ClauseElement` representing a
            default value to be applied to the column within UPDATE
            statements, which wil be invoked upon update if this column is not
            present in the SET clause of the update. This is a shortcut to
            using :class:`.ColumnDefault` as a positional argument with
            ``for_update=True``.

        :param primary_key: If ``True``, marks this column as a primary key
            column. Multiple columns can have this flag set to specify
            composite primary keys. As an alternative, the primary key of a
            :class:`.Table` can be specified via an explicit
            :class:`.PrimaryKeyConstraint` object.

        :param server_default: A :class:`.FetchedValue` instance, str, Unicode
            or :func:`~sqlalchemy.sql.expression.text` construct representing
            the DDL DEFAULT value for the column.

            String types will be emitted as-is, surrounded by single quotes::

                Column('x', Text, server_default="val")

                x TEXT DEFAULT 'val'

            A :func:`~sqlalchemy.sql.expression.text` expression will be
            rendered as-is, without quotes::

                Column('y', DateTime, server_default=text('NOW()'))

                y DATETIME DEFAULT NOW()

            Strings and text() will be converted into a
            :class:`.DefaultClause` object upon initialization.

            Use :class:`.FetchedValue` to indicate that an already-existing
            column will generate a default value on the database side which
            will be available to SQLAlchemy for post-fetch after inserts. This
            construct does not specify any DDL and the implementation is left
            to the database, such as via a trigger.

            .. seealso::

                :ref:`server_defaults`

        :param server_onupdate:   A :class:`.FetchedValue` instance
             representing a database-side default generation function. This
             indicates to SQLAlchemy that a newly generated value will be
             available after updates. This construct does not specify any DDL
             and the implementation is left to the database, such as via a
             trigger.

        :param quote: Force quoting of this column's name on or off,
             corresponding to ``True`` or ``False``. When left at its default
             of ``None``, the column identifier will be quoted according to
             whether the name is case sensitive (identifiers with at least one
             upper case character are treated as case sensitive), or if it's a
             reserved word. This flag is only needed to force quoting of a
             reserved word which is not known by the SQLAlchemy dialect.

        :param unique: When ``True``, indicates that this column contains a
             unique constraint, or if ``index`` is ``True`` as well, indicates
             that the :class:`.Index` should be created with the unique flag.
             To specify multiple columns in the constraint/index or to specify
             an explicit name, use the :class:`.UniqueConstraint` or
             :class:`.Index` constructs explicitly.

        :param system: When ``True``, indicates this is a "system" column,
             that is a column which is automatically made available by the
             database, and should not be included in the columns list for a
             ``CREATE TABLE`` statement.

             For more elaborate scenarios where columns should be
             conditionally rendered differently on different backends,
             consider custom compilation rules for :class:`.CreateColumn`.

             .. versionadded:: 0.8.3 Added the ``system=True`` parameter to
                :class:`.Column`.

        """

        name = kwargs.pop('name', None)
        type_ = kwargs.pop('type_', None)
        args = list(args)
        if args:
            if isinstance(args[0], util.string_types):
                if name is not None:
                    raise exc.ArgumentError(
                        "May not pass name positionally and as a keyword.")
                name = args.pop(0)
        if args:
            coltype = args[0]

            if hasattr(coltype, "_sqla_type"):
                if type_ is not None:
                    raise exc.ArgumentError(
                        "May not pass type_ positionally and as a keyword.")
                type_ = args.pop(0)

        if name is not None:
            name = quoted_name(name, kwargs.pop('quote', None))
        elif "quote" in kwargs:
            raise exc.ArgumentError("Explicit 'name' is required when "
                                    "sending 'quote' argument")

        super(Column, self).__init__(name, type_)
        self.key = kwargs.pop('key', name)
        self.primary_key = kwargs.pop('primary_key', False)
        self.nullable = kwargs.pop('nullable', not self.primary_key)
        self.default = kwargs.pop('default', None)
        self.server_default = kwargs.pop('server_default', None)
        self.server_onupdate = kwargs.pop('server_onupdate', None)

        # these default to None because .index and .unique is *not*
        # an informational flag about Column - there can still be an
        # Index or UniqueConstraint referring to this Column.
        self.index = kwargs.pop('index', None)
        self.unique = kwargs.pop('unique', None)

        self.system = kwargs.pop('system', False)
        self.doc = kwargs.pop('doc', None)
        self.onupdate = kwargs.pop('onupdate', None)
        self.autoincrement = kwargs.pop('autoincrement', True)
        self.constraints = set()
        self.foreign_keys = set()

        # check if this Column is proxying another column
        if '_proxies' in kwargs:
            self._proxies = kwargs.pop('_proxies')
        # otherwise, add DDL-related events
        elif isinstance(self.type, SchemaEventTarget):
            self.type._set_parent_with_dispatch(self)

        if self.default is not None:
            if isinstance(self.default, (ColumnDefault, Sequence)):
                args.append(self.default)
            else:
                if getattr(self.type, '_warn_on_bytestring', False):
                    if isinstance(self.default, util.binary_type):
                        util.warn(
                            "Unicode column '%s' has non-unicode "
                            "default value %r specified." % (
                                self.key,
                                self.default
                            ))
                args.append(ColumnDefault(self.default))

        if self.server_default is not None:
            if isinstance(self.server_default, FetchedValue):
                args.append(self.server_default._as_for_update(False))
            else:
                args.append(DefaultClause(self.server_default))

        if self.onupdate is not None:
            if isinstance(self.onupdate, (ColumnDefault, Sequence)):
                args.append(self.onupdate)
            else:
                args.append(ColumnDefault(self.onupdate, for_update=True))

        if self.server_onupdate is not None:
            if isinstance(self.server_onupdate, FetchedValue):
                args.append(self.server_onupdate._as_for_update(True))
            else:
                args.append(DefaultClause(self.server_onupdate,
                                          for_update=True))
        self._init_items(*args)

        util.set_creation_order(self)

        if 'info' in kwargs:
            self.info = kwargs.pop('info')

        if kwargs:
            raise exc.ArgumentError(
                "Unknown arguments passed to Column: " + repr(list(kwargs)))

#    @property
#    def quote(self):
#        return getattr(self.name, "quote", None)

    def __str__(self):
        if self.name is None:
            return "(no name)"
        elif self.table is not None:
            if self.table.named_with_column:
                return (self.table.description + "." + self.description)
            else:
                return self.description
        else:
            return self.description

    def references(self, column):
        """Return True if this Column references the given column via foreign
        key."""

        for fk in self.foreign_keys:
            if fk.column.proxy_set.intersection(column.proxy_set):
                return True
        else:
            return False

    def append_foreign_key(self, fk):
        fk._set_parent_with_dispatch(self)

    def __repr__(self):
        kwarg = []
        if self.key != self.name:
            kwarg.append('key')
        if self.primary_key:
            kwarg.append('primary_key')
        if not self.nullable:
            kwarg.append('nullable')
        if self.onupdate:
            kwarg.append('onupdate')
        if self.default:
            kwarg.append('default')
        if self.server_default:
            kwarg.append('server_default')
        return "Column(%s)" % ', '.join(
            [repr(self.name)] + [repr(self.type)] +
            [repr(x) for x in self.foreign_keys if x is not None] +
            [repr(x) for x in self.constraints] +
            [(self.table is not None and "table=<%s>" %
              self.table.description or "table=None")] +
            ["%s=%s" % (k, repr(getattr(self, k))) for k in kwarg])

    def _set_parent(self, table):
        if not self.name:
            raise exc.ArgumentError(
                "Column must be constructed with a non-blank name or "
                "assign a non-blank .name before adding to a Table.")
        if self.key is None:
            self.key = self.name

        existing = getattr(self, 'table', None)
        if existing is not None and existing is not table:
            raise exc.ArgumentError(
                "Column object '%s' already assigned to Table '%s'" % (
                    self.key,
                    existing.description
                ))

        if self.key in table._columns:
            col = table._columns.get(self.key)
            if col is not self:
                for fk in col.foreign_keys:
                    table.foreign_keys.remove(fk)
                    if fk.constraint in table.constraints:
                        # this might have been removed
                        # already, if it's a composite constraint
                        # and more than one col being replaced
                        table.constraints.remove(fk.constraint)

        table._columns.replace(self)

        if self.primary_key:
            table.primary_key._replace(self)
            Table._autoincrement_column._reset(table)
        elif self.key in table.primary_key:
            raise exc.ArgumentError(
                "Trying to redefine primary-key column '%s' as a "
                "non-primary-key column on table '%s'" % (
                    self.key, table.fullname))
        self.table = table

        if self.index:
            if isinstance(self.index, util.string_types):
                raise exc.ArgumentError(
                    "The 'index' keyword argument on Column is boolean only. "
                    "To create indexes with a specific name, create an "
                    "explicit Index object external to the Table.")
            Index(None, self, unique=bool(self.unique))
        elif self.unique:
            if isinstance(self.unique, util.string_types):
                raise exc.ArgumentError(
                    "The 'unique' keyword argument on Column is boolean "
                    "only. To create unique constraints or indexes with a "
                    "specific name, append an explicit UniqueConstraint to "
                    "the Table's list of elements, or create an explicit "
                    "Index object external to the Table.")
            table.append_constraint(UniqueConstraint(self.key))

        self._setup_on_memoized_fks(lambda fk: fk._set_remote_table(table))

    def _setup_on_memoized_fks(self, fn):
        fk_keys = [
            ((self.table.key, self.key), False),
            ((self.table.key, self.name), True),
        ]
        for fk_key, link_to_name in fk_keys:
            if fk_key in self.table.metadata._fk_memos:
                for fk in self.table.metadata._fk_memos[fk_key]:
                    if fk.link_to_name is link_to_name:
                        fn(fk)

    def _on_table_attach(self, fn):
        if self.table is not None:
            fn(self, self.table)
        else:
            event.listen(self, 'after_parent_attach', fn)

    def copy(self, **kw):
        """Create a copy of this ``Column``, unitialized.

        This is used in ``Table.tometadata``.

        """

        # Constraint objects plus non-constraint-bound ForeignKey objects
        args = \
            [c.copy(**kw) for c in self.constraints if not c._type_bound] + \
            [c.copy(**kw) for c in self.foreign_keys if not c.constraint]

        type_ = self.type
        if isinstance(type_, SchemaEventTarget):
            type_ = type_.copy(**kw)

        c = self._constructor(
            name=self.name,
            type_=type_,
            key=self.key,
            primary_key=self.primary_key,
            nullable=self.nullable,
            unique=self.unique,
            system=self.system,
            # quote=self.quote,
            index=self.index,
            autoincrement=self.autoincrement,
            default=self.default,
            server_default=self.server_default,
            onupdate=self.onupdate,
            server_onupdate=self.server_onupdate,
            doc=self.doc,
            *args
        )
        return self._schema_item_copy(c)

    def _make_proxy(self, selectable, name=None, key=None,
                    name_is_truncatable=False, **kw):
        """Create a *proxy* for this column.

        This is a copy of this ``Column`` referenced by a different parent
        (such as an alias or select statement).  The column should
        be used only in select scenarios, as its full DDL/default
        information is not transferred.

        """
        fk = [ForeignKey(f.column, _constraint=f.constraint)
              for f in self.foreign_keys]
        if name is None and self.name is None:
            raise exc.InvalidRequestError(
                "Cannot initialize a sub-selectable"
                " with this Column object until its 'name' has "
                "been assigned.")
        try:
            c = self._constructor(
                _as_truncated(name or self.name) if
                name_is_truncatable else (name or self.name),
                self.type,
                key=key if key else name if name else self.key,
                primary_key=self.primary_key,
                nullable=self.nullable,
                _proxies=[self], *fk)
        except TypeError:
            util.raise_from_cause(
                TypeError(
                    "Could not create a copy of this %r object.  "
                    "Ensure the class includes a _constructor() "
                    "attribute or method which accepts the "
                    "standard Column constructor arguments, or "
                    "references the Column class itself." % self.__class__)
            )

        c.table = selectable
        selectable._columns.add(c)
        if selectable._is_clone_of is not None:
            c._is_clone_of = selectable._is_clone_of.columns[c.key]
        if self.primary_key:
            selectable.primary_key.add(c)
        c.dispatch.after_parent_attach(c, selectable)
        return c

    def get_children(self, schema_visitor=False, **kwargs):
        if schema_visitor:
            return [x for x in (self.default, self.onupdate)
                    if x is not None] + \
                list(self.foreign_keys) + list(self.constraints)
        else:
            return ColumnClause.get_children(self, **kwargs)


class ForeignKey(DialectKWArgs, SchemaItem):
    """Defines a dependency between two columns.

    ``ForeignKey`` is specified as an argument to a :class:`.Column` object,
    e.g.::

        t = Table("remote_table", metadata,
            Column("remote_id", ForeignKey("main_table.id"))
        )

    Note that ``ForeignKey`` is only a marker object that defines
    a dependency between two columns.   The actual constraint
    is in all cases represented by the :class:`.ForeignKeyConstraint`
    object.   This object will be generated automatically when
    a ``ForeignKey`` is associated with a :class:`.Column` which
    in turn is associated with a :class:`.Table`.   Conversely,
    when :class:`.ForeignKeyConstraint` is applied to a :class:`.Table`,
    ``ForeignKey`` markers are automatically generated to be
    present on each associated :class:`.Column`, which are also
    associated with the constraint object.

    Note that you cannot define a "composite" foreign key constraint,
    that is a constraint between a grouping of multiple parent/child
    columns, using ``ForeignKey`` objects.   To define this grouping,
    the :class:`.ForeignKeyConstraint` object must be used, and applied
    to the :class:`.Table`.   The associated ``ForeignKey`` objects
    are created automatically.

    The ``ForeignKey`` objects associated with an individual
    :class:`.Column` object are available in the `foreign_keys` collection
    of that column.

    Further examples of foreign key configuration are in
    :ref:`metadata_foreignkeys`.

    """

    __visit_name__ = 'foreign_key'

    def __init__(self, column, _constraint=None, use_alter=False, name=None,
                 onupdate=None, ondelete=None, deferrable=None,
                 initially=None, link_to_name=False, match=None,
                 info=None,
                 **dialect_kw):
        """
        Construct a column-level FOREIGN KEY.

        The :class:`.ForeignKey` object when constructed generates a
        :class:`.ForeignKeyConstraint` which is associated with the parent
        :class:`.Table` object's collection of constraints.

        :param column: A single target column for the key relationship. A
            :class:`.Column` object or a column name as a string:
            ``tablename.columnkey`` or ``schema.tablename.columnkey``.
            ``columnkey`` is the ``key`` which has been assigned to the column
            (defaults to the column name itself), unless ``link_to_name`` is
            ``True`` in which case the rendered name of the column is used.

            .. versionadded:: 0.7.4
                Note that if the schema name is not included, and the
                underlying :class:`.MetaData` has a "schema", that value will
                be used.

        :param name: Optional string. An in-database name for the key if
            `constraint` is not provided.

        :param onupdate: Optional string. If set, emit ON UPDATE <value> when
            issuing DDL for this constraint. Typical values include CASCADE,
            DELETE and RESTRICT.

        :param ondelete: Optional string. If set, emit ON DELETE <value> when
            issuing DDL for this constraint. Typical values include CASCADE,
            DELETE and RESTRICT.

        :param deferrable: Optional bool. If set, emit DEFERRABLE or NOT
            DEFERRABLE when issuing DDL for this constraint.

        :param initially: Optional string. If set, emit INITIALLY <value> when
            issuing DDL for this constraint.

        :param link_to_name: if True, the string name given in ``column`` is
            the rendered name of the referenced column, not its locally
            assigned ``key``.

        :param use_alter: passed to the underlying
            :class:`.ForeignKeyConstraint` to indicate the constraint should
            be generated/dropped externally from the CREATE TABLE/ DROP TABLE
            statement.  See :paramref:`.ForeignKeyConstraint.use_alter`
            for further description.

            .. seealso::

                :paramref:`.ForeignKeyConstraint.use_alter`

                :ref:`use_alter`

        :param match: Optional string. If set, emit MATCH <value> when issuing
            DDL for this constraint. Typical values include SIMPLE, PARTIAL
            and FULL.

        :param info: Optional data dictionary which will be populated into the
            :attr:`.SchemaItem.info` attribute of this object.

            .. versionadded:: 1.0.0

        :param \**dialect_kw:  Additional keyword arguments are dialect
            specific, and passed in the form ``<dialectname>_<argname>``.  The
            arguments are ultimately handled by a corresponding
            :class:`.ForeignKeyConstraint`.  See the documentation regarding
            an individual dialect at :ref:`dialect_toplevel` for detail on
            documented arguments.

            .. versionadded:: 0.9.2

        """

        self._colspec = column
        if isinstance(self._colspec, util.string_types):
            self._table_column = None
        else:
            if hasattr(self._colspec, '__clause_element__'):
                self._table_column = self._colspec.__clause_element__()
            else:
                self._table_column = self._colspec

            if not isinstance(self._table_column, ColumnClause):
                raise exc.ArgumentError(
                    "String, Column, or Column-bound argument "
                    "expected, got %r" % self._table_column)
            elif not isinstance(
                    self._table_column.table, (util.NoneType, TableClause)):
                raise exc.ArgumentError(
                    "ForeignKey received Column not bound "
                    "to a Table, got: %r" % self._table_column.table
                )

        # the linked ForeignKeyConstraint.
        # ForeignKey will create this when parent Column
        # is attached to a Table, *or* ForeignKeyConstraint
        # object passes itself in when creating ForeignKey
        # markers.
        self.constraint = _constraint
        self.parent = None
        self.use_alter = use_alter
        self.name = name
        self.onupdate = onupdate
        self.ondelete = ondelete
        self.deferrable = deferrable
        self.initially = initially
        self.link_to_name = link_to_name
        self.match = match
        if info:
            self.info = info
        self._unvalidated_dialect_kw = dialect_kw

    def __repr__(self):
        return "ForeignKey(%r)" % self._get_colspec()

    def copy(self, schema=None):
        """Produce a copy of this :class:`.ForeignKey` object.

        The new :class:`.ForeignKey` will not be bound
        to any :class:`.Column`.

        This method is usually used by the internal
        copy procedures of :class:`.Column`, :class:`.Table`,
        and :class:`.MetaData`.

        :param schema: The returned :class:`.ForeignKey` will
          reference the original table and column name, qualified
          by the given string schema name.

        """

        fk = ForeignKey(
            self._get_colspec(schema=schema),
            use_alter=self.use_alter,
            name=self.name,
            onupdate=self.onupdate,
            ondelete=self.ondelete,
            deferrable=self.deferrable,
            initially=self.initially,
            link_to_name=self.link_to_name,
            match=self.match,
            **self._unvalidated_dialect_kw
        )
        return self._schema_item_copy(fk)

    def _get_colspec(self, schema=None, table_name=None):
        """Return a string based 'column specification' for this
        :class:`.ForeignKey`.

        This is usually the equivalent of the string-based "tablename.colname"
        argument first passed to the object's constructor.

        """
        if schema:
            _schema, tname, colname = self._column_tokens
            if table_name is not None:
                tname = table_name
            return "%s.%s.%s" % (schema, tname, colname)
        elif table_name:
            schema, tname, colname = self._column_tokens
            if schema:
                return "%s.%s.%s" % (schema, table_name, colname)
            else:
                return "%s.%s" % (table_name, colname)
        elif self._table_column is not None:
            return "%s.%s" % (
                self._table_column.table.fullname, self._table_column.key)
        else:
            return self._colspec

    @property
    def _referred_schema(self):
        return self._column_tokens[0]

    def _table_key(self):
        if self._table_column is not None:
            if self._table_column.table is None:
                return None
            else:
                return self._table_column.table.key
        else:
            schema, tname, colname = self._column_tokens
            return _get_table_key(tname, schema)

    target_fullname = property(_get_colspec)

    def references(self, table):
        """Return True if the given :class:`.Table` is referenced by this
        :class:`.ForeignKey`."""

        return table.corresponding_column(self.column) is not None

    def get_referent(self, table):
        """Return the :class:`.Column` in the given :class:`.Table`
        referenced by this :class:`.ForeignKey`.

        Returns None if this :class:`.ForeignKey` does not reference the given
        :class:`.Table`.

        """

        return table.corresponding_column(self.column)

    @util.memoized_property
    def _column_tokens(self):
        """parse a string-based _colspec into its component parts."""

        m = self._get_colspec().split('.')
        if m is None:
            raise exc.ArgumentError(
                "Invalid foreign key column specification: %s" %
                self._colspec)
        if (len(m) == 1):
            tname = m.pop()
            colname = None
        else:
            colname = m.pop()
            tname = m.pop()

        # A FK between column 'bar' and table 'foo' can be
        # specified as 'foo', 'foo.bar', 'dbo.foo.bar',
        # 'otherdb.dbo.foo.bar'. Once we have the column name and
        # the table name, treat everything else as the schema
        # name. Some databases (e.g. Sybase) support
        # inter-database foreign keys. See tickets#1341 and --
        # indirectly related -- Ticket #594. This assumes that '.'
        # will never appear *within* any component of the FK.

        if (len(m) > 0):
            schema = '.'.join(m)
        else:
            schema = None
        return schema, tname, colname

    def _resolve_col_tokens(self):
        if self.parent is None:
            raise exc.InvalidRequestError(
                "this ForeignKey object does not yet have a "
                "parent Column associated with it.")

        elif self.parent.table is None:
            raise exc.InvalidRequestError(
                "this ForeignKey's parent column is not yet associated "
                "with a Table.")

        parenttable = self.parent.table

        # assertion, can be commented out.
        # basically Column._make_proxy() sends the actual
        # target Column to the ForeignKey object, so the
        # string resolution here is never called.
        for c in self.parent.base_columns:
            if isinstance(c, Column):
                assert c.table is parenttable
                break
        else:
            assert False
        ######################

        schema, tname, colname = self._column_tokens

        if schema is None and parenttable.metadata.schema is not None:
            schema = parenttable.metadata.schema

        tablekey = _get_table_key(tname, schema)
        return parenttable, tablekey, colname

    def _link_to_col_by_colstring(self, parenttable, table, colname):
        if not hasattr(self.constraint, '_referred_table'):
            self.constraint._referred_table = table
        else:
            assert self.constraint._referred_table is table

        _column = None
        if colname is None:
            # colname is None in the case that ForeignKey argument
            # was specified as table name only, in which case we
            # match the column name to the same column on the
            # parent.
            key = self.parent
            _column = table.c.get(self.parent.key, None)
        elif self.link_to_name:
            key = colname
            for c in table.c:
                if c.name == colname:
                    _column = c
        else:
            key = colname
            _column = table.c.get(colname, None)

        if _column is None:
            raise exc.NoReferencedColumnError(
                "Could not initialize target column "
                "for ForeignKey '%s' on table '%s': "
                "table '%s' has no column named '%s'" %
                (self._colspec, parenttable.name, table.name, key),
                table.name, key)

        self._set_target_column(_column)

    def _set_target_column(self, column):
        # propagate TypeEngine to parent if it didn't have one
        if self.parent.type._isnull:
            self.parent.type = column.type

        # super-edgy case, if other FKs point to our column,
        # they'd get the type propagated out also.
        if isinstance(self.parent.table, Table):

            def set_type(fk):
                if fk.parent.type._isnull:
                    fk.parent.type = column.type
            self.parent._setup_on_memoized_fks(set_type)

        self.column = column

    @util.memoized_property
    def column(self):
        """Return the target :class:`.Column` referenced by this
        :class:`.ForeignKey`.

        If no target column has been established, an exception
        is raised.

        .. versionchanged:: 0.9.0
            Foreign key target column resolution now occurs as soon as both
            the ForeignKey object and the remote Column to which it refers
            are both associated with the same MetaData object.

        """

        if isinstance(self._colspec, util.string_types):

            parenttable, tablekey, colname = self._resolve_col_tokens()

            if tablekey not in parenttable.metadata:
                raise exc.NoReferencedTableError(
                    "Foreign key associated with column '%s' could not find "
                    "table '%s' with which to generate a "
                    "foreign key to target column '%s'" %
                    (self.parent, tablekey, colname),
                    tablekey)
            elif parenttable.key not in parenttable.metadata:
                raise exc.InvalidRequestError(
                    "Table %s is no longer associated with its "
                    "parent MetaData" % parenttable)
            else:
                raise exc.NoReferencedColumnError(
                    "Could not initialize target column for "
                    "ForeignKey '%s' on table '%s': "
                    "table '%s' has no column named '%s'" % (
                        self._colspec, parenttable.name, tablekey, colname),
                    tablekey, colname)
        elif hasattr(self._colspec, '__clause_element__'):
            _column = self._colspec.__clause_element__()
            return _column
        else:
            _column = self._colspec
            return _column

    def _set_parent(self, column):
        if self.parent is not None and self.parent is not column:
            raise exc.InvalidRequestError(
                "This ForeignKey already has a parent !")
        self.parent = column
        self.parent.foreign_keys.add(self)
        self.parent._on_table_attach(self._set_table)

    def _set_remote_table(self, table):
        parenttable, tablekey, colname = self._resolve_col_tokens()
        self._link_to_col_by_colstring(parenttable, table, colname)
        self.constraint._validate_dest_table(table)

    def _remove_from_metadata(self, metadata):
        parenttable, table_key, colname = self._resolve_col_tokens()
        fk_key = (table_key, colname)

        if self in metadata._fk_memos[fk_key]:
            # TODO: no test coverage for self not in memos
            metadata._fk_memos[fk_key].remove(self)

    def _set_table(self, column, table):
        # standalone ForeignKey - create ForeignKeyConstraint
        # on the hosting Table when attached to the Table.
        if self.constraint is None and isinstance(table, Table):
            self.constraint = ForeignKeyConstraint(
                [], [], use_alter=self.use_alter, name=self.name,
                onupdate=self.onupdate, ondelete=self.ondelete,
                deferrable=self.deferrable, initially=self.initially,
                match=self.match,
                **self._unvalidated_dialect_kw
            )
            self.constraint._append_element(column, self)
            self.constraint._set_parent_with_dispatch(table)
        table.foreign_keys.add(self)

        # set up remote ".column" attribute, or a note to pick it
        # up when the other Table/Column shows up
        if isinstance(self._colspec, util.string_types):
            parenttable, table_key, colname = self._resolve_col_tokens()
            fk_key = (table_key, colname)
            if table_key in parenttable.metadata.tables:
                table = parenttable.metadata.tables[table_key]
                try:
                    self._link_to_col_by_colstring(
                        parenttable, table, colname)
                except exc.NoReferencedColumnError:
                    # this is OK, we'll try later
                    pass
            parenttable.metadata._fk_memos[fk_key].append(self)
        elif hasattr(self._colspec, '__clause_element__'):
            _column = self._colspec.__clause_element__()
            self._set_target_column(_column)
        else:
            _column = self._colspec
            self._set_target_column(_column)


class _NotAColumnExpr(object):
    def _not_a_column_expr(self):
        raise exc.InvalidRequestError(
            "This %s cannot be used directly "
            "as a column expression." % self.__class__.__name__)

    __clause_element__ = self_group = lambda self: self._not_a_column_expr()
    _from_objects = property(lambda self: self._not_a_column_expr())


class DefaultGenerator(_NotAColumnExpr, SchemaItem):
    """Base class for column *default* values."""

    __visit_name__ = 'default_generator'

    is_sequence = False
    is_server_default = False
    column = None

    def __init__(self, for_update=False):
        self.for_update = for_update

    def _set_parent(self, column):
        self.column = column
        if self.for_update:
            self.column.onupdate = self
        else:
            self.column.default = self

    def execute(self, bind=None, **kwargs):
        if bind is None:
            bind = _bind_or_error(self)
        return bind._execute_default(self, **kwargs)

    @property
    def bind(self):
        """Return the connectable associated with this default."""
        if getattr(self, 'column', None) is not None:
            return self.column.table.bind
        else:
            return None


class ColumnDefault(DefaultGenerator):
    """A plain default value on a column.

    This could correspond to a constant, a callable function,
    or a SQL clause.

    :class:`.ColumnDefault` is generated automatically
    whenever the ``default``, ``onupdate`` arguments of
    :class:`.Column` are used.  A :class:`.ColumnDefault`
    can be passed positionally as well.

    For example, the following::

        Column('foo', Integer, default=50)

    Is equivalent to::

        Column('foo', Integer, ColumnDefault(50))


    """

    def __init__(self, arg, **kwargs):
        """"Construct a new :class:`.ColumnDefault`.


        :param arg: argument representing the default value.
         May be one of the following:

         * a plain non-callable Python value, such as a
           string, integer, boolean, or other simple type.
           The default value will be used as is each time.
         * a SQL expression, that is one which derives from
           :class:`.ColumnElement`.  The SQL expression will
           be rendered into the INSERT or UPDATE statement,
           or in the case of a primary key column when
           RETURNING is not used may be
           pre-executed before an INSERT within a SELECT.
         * A Python callable.  The function will be invoked for each
           new row subject to an INSERT or UPDATE.
           The callable must accept exactly
           zero or one positional arguments.  The one-argument form
           will receive an instance of the :class:`.ExecutionContext`,
           which provides contextual information as to the current
           :class:`.Connection` in use as well as the current
           statement and parameters.

        """
        super(ColumnDefault, self).__init__(**kwargs)
        if isinstance(arg, FetchedValue):
            raise exc.ArgumentError(
                "ColumnDefault may not be a server-side default type.")
        if util.callable(arg):
            arg = self._maybe_wrap_callable(arg)
        self.arg = arg

    @util.memoized_property
    def is_callable(self):
        return util.callable(self.arg)

    @util.memoized_property
    def is_clause_element(self):
        return isinstance(self.arg, ClauseElement)

    @util.memoized_property
    def is_scalar(self):
        return not self.is_callable and \
            not self.is_clause_element and \
            not self.is_sequence

    def _maybe_wrap_callable(self, fn):
        """Wrap callables that don't accept a context.

        This is to allow easy compatibility with default callables
        that aren't specific to accepting of a context.

        """
        try:
            argspec = util.get_callable_argspec(fn, no_self=True)
        except TypeError:
            return lambda ctx: fn()

        defaulted = argspec[3] is not None and len(argspec[3]) or 0
        positionals = len(argspec[0]) - defaulted

        if positionals == 0:
            return lambda ctx: fn()
        elif positionals == 1:
            return fn
        else:
            raise exc.ArgumentError(
                "ColumnDefault Python function takes zero or one "
                "positional arguments")

    def _visit_name(self):
        if self.for_update:
            return "column_onupdate"
        else:
            return "column_default"
    __visit_name__ = property(_visit_name)

    def __repr__(self):
        return "ColumnDefault(%r)" % self.arg


class Sequence(DefaultGenerator):
    """Represents a named database sequence.

    The :class:`.Sequence` object represents the name and configurational
    parameters of a database sequence.   It also represents
    a construct that can be "executed" by a SQLAlchemy :class:`.Engine`
    or :class:`.Connection`, rendering the appropriate "next value" function
    for the target database and returning a result.

    The :class:`.Sequence` is typically associated with a primary key column::

        some_table = Table(
            'some_table', metadata,
            Column('id', Integer, Sequence('some_table_seq'),
            primary_key=True)
        )

    When CREATE TABLE is emitted for the above :class:`.Table`, if the
    target platform supports sequences, a CREATE SEQUENCE statement will
    be emitted as well.   For platforms that don't support sequences,
    the :class:`.Sequence` construct is ignored.

    .. seealso::

        :class:`.CreateSequence`

        :class:`.DropSequence`

    """

    __visit_name__ = 'sequence'

    is_sequence = True

    def __init__(self, name, start=None, increment=None, minvalue=None,
                 maxvalue=None, nominvalue=None, nomaxvalue=None, cycle=None,
                 schema=None, optional=False, quote=None, metadata=None,
                 quote_schema=None,
                 for_update=False):
        """Construct a :class:`.Sequence` object.

        :param name: The name of the sequence.
        :param start: the starting index of the sequence.  This value is
         used when the CREATE SEQUENCE command is emitted to the database
         as the value of the "START WITH" clause.   If ``None``, the
         clause is omitted, which on most platforms indicates a starting
         value of 1.
        :param increment: the increment value of the sequence.  This
         value is used when the CREATE SEQUENCE command is emitted to
         the database as the value of the "INCREMENT BY" clause.  If ``None``,
         the clause is omitted, which on most platforms indicates an
         increment of 1.
        :param minvalue: the minimum value of the sequence.  This
         value is used when the CREATE SEQUENCE command is emitted to
         the database as the value of the "MINVALUE" clause.  If ``None``,
         the clause is omitted, which on most platforms indicates a
         minvalue of 1 and -2^63-1 for ascending and descending sequences,
         respectively.

         .. versionadded:: 1.0.7

        :param maxvalue: the maximum value of the sequence.  This
         value is used when the CREATE SEQUENCE command is emitted to
         the database as the value of the "MAXVALUE" clause.  If ``None``,
         the clause is omitted, which on most platforms indicates a
         maxvalue of 2^63-1 and -1 for ascending and descending sequences,
         respectively.

         .. versionadded:: 1.0.7

        :param nominvalue: no minimum value of the sequence.  This
         value is used when the CREATE SEQUENCE command is emitted to
         the database as the value of the "NO MINVALUE" clause.  If ``None``,
         the clause is omitted, which on most platforms indicates a
         minvalue of 1 and -2^63-1 for ascending and descending sequences,
         respectively.

         .. versionadded:: 1.0.7

        :param nomaxvalue: no maximum value of the sequence.  This
         value is used when the CREATE SEQUENCE command is emitted to
         the database as the value of the "NO MAXVALUE" clause.  If ``None``,
         the clause is omitted, which on most platforms indicates a
         maxvalue of 2^63-1 and -1 for ascending and descending sequences,
         respectively.

         .. versionadded:: 1.0.7

        :param cycle: allows the sequence to wrap around when the maxvalue
         or minvalue has been reached by an ascending or descending sequence
         respectively.  This value is used when the CREATE SEQUENCE command
         is emitted to the database as the "CYCLE" clause.  If the limit is
         reached, the next number generated will be the minvalue or maxvalue,
         respectively.  If cycle=False (the default) any calls to nextval
         after the sequence has reached its maximum value will return an
         error.

         .. versionadded:: 1.0.7

        :param schema: Optional schema name for the sequence, if located
         in a schema other than the default.  The rules for selecting the
         schema name when a :class:`.MetaData` is also present are the same
         as that of :paramref:`.Table.schema`.

        :param optional: boolean value, when ``True``, indicates that this
         :class:`.Sequence` object only needs to be explicitly generated
         on backends that don't provide another way to generate primary
         key identifiers.  Currently, it essentially means, "don't create
         this sequence on the Postgresql backend, where the SERIAL keyword
         creates a sequence for us automatically".
        :param quote: boolean value, when ``True`` or ``False``, explicitly
         forces quoting of the schema name on or off.  When left at its
         default of ``None``, normal quoting rules based on casing and
         reserved words take place.
        :param quote_schema: set the quoting preferences for the ``schema``
         name.
        :param metadata: optional :class:`.MetaData` object which will be
         associated with this :class:`.Sequence`.  A :class:`.Sequence`
         that is associated with a :class:`.MetaData` gains access to the
         ``bind`` of that :class:`.MetaData`, meaning the
         :meth:`.Sequence.create` and :meth:`.Sequence.drop` methods will
         make usage of that engine automatically.

         .. versionchanged:: 0.7
             Additionally, the appropriate CREATE SEQUENCE/
             DROP SEQUENCE DDL commands will be emitted corresponding to this
             :class:`.Sequence` when :meth:`.MetaData.create_all` and
             :meth:`.MetaData.drop_all` are invoked.

         Note that when a :class:`.Sequence` is applied to a :class:`.Column`,
         the :class:`.Sequence` is automatically associated with the
         :class:`.MetaData` object of that column's parent :class:`.Table`,
         when that association is made.   The :class:`.Sequence` will then
         be subject to automatic CREATE SEQUENCE/DROP SEQUENCE corresponding
         to when the :class:`.Table` object itself is created or dropped,
         rather than that of the :class:`.MetaData` object overall.
        :param for_update: Indicates this :class:`.Sequence`, when associated
         with a :class:`.Column`, should be invoked for UPDATE statements
         on that column's table, rather than for INSERT statements, when
         no value is otherwise present for that column in the statement.

        """
        super(Sequence, self).__init__(for_update=for_update)
        self.name = quoted_name(name, quote)
        self.start = start
        self.increment = increment
        self.minvalue = minvalue
        self.maxvalue = maxvalue
        self.nominvalue = nominvalue
        self.nomaxvalue = nomaxvalue
        self.cycle = cycle
        self.optional = optional
        if schema is BLANK_SCHEMA:
            self.schema = schema = None
        elif metadata is not None and schema is None and metadata.schema:
            self.schema = schema = metadata.schema
        else:
            self.schema = quoted_name(schema, quote_schema)
        self.metadata = metadata
        self._key = _get_table_key(name, schema)
        if metadata:
            self._set_metadata(metadata)

    @util.memoized_property
    def is_callable(self):
        return False

    @util.memoized_property
    def is_clause_element(self):
        return False

    @util.dependencies("sqlalchemy.sql.functions.func")
    def next_value(self, func):
        """Return a :class:`.next_value` function element
        which will render the appropriate increment function
        for this :class:`.Sequence` within any SQL expression.

        """
        return func.next_value(self, bind=self.bind)

    def _set_parent(self, column):
        super(Sequence, self)._set_parent(column)
        column._on_table_attach(self._set_table)

    def _set_table(self, column, table):
        self._set_metadata(table.metadata)

    def _set_metadata(self, metadata):
        self.metadata = metadata
        self.metadata._sequences[self._key] = self

    @property
    def bind(self):
        if self.metadata:
            return self.metadata.bind
        else:
            return None

    def create(self, bind=None, checkfirst=True):
        """Creates this sequence in the database."""

        if bind is None:
            bind = _bind_or_error(self)
        bind._run_visitor(ddl.SchemaGenerator,
                          self,
                          checkfirst=checkfirst)

    def drop(self, bind=None, checkfirst=True):
        """Drops this sequence from the database."""

        if bind is None:
            bind = _bind_or_error(self)
        bind._run_visitor(ddl.SchemaDropper,
                          self,
                          checkfirst=checkfirst)

    def _not_a_column_expr(self):
        raise exc.InvalidRequestError(
            "This %s cannot be used directly "
            "as a column expression.  Use func.next_value(sequence) "
            "to produce a 'next value' function that's usable "
            "as a column element."
            % self.__class__.__name__)


@inspection._self_inspects
class FetchedValue(_NotAColumnExpr, SchemaEventTarget):
    """A marker for a transparent database-side default.

    Use :class:`.FetchedValue` when the database is configured
    to provide some automatic default for a column.

    E.g.::

        Column('foo', Integer, FetchedValue())

    Would indicate that some trigger or default generator
    will create a new value for the ``foo`` column during an
    INSERT.

    .. seealso::

        :ref:`triggered_columns`

    """
    is_server_default = True
    reflected = False
    has_argument = False

    def __init__(self, for_update=False):
        self.for_update = for_update

    def _as_for_update(self, for_update):
        if for_update == self.for_update:
            return self
        else:
            return self._clone(for_update)

    def _clone(self, for_update):
        n = self.__class__.__new__(self.__class__)
        n.__dict__.update(self.__dict__)
        n.__dict__.pop('column', None)
        n.for_update = for_update
        return n

    def _set_parent(self, column):
        self.column = column
        if self.for_update:
            self.column.server_onupdate = self
        else:
            self.column.server_default = self

    def __repr__(self):
        return util.generic_repr(self)


class DefaultClause(FetchedValue):
    """A DDL-specified DEFAULT column value.

    :class:`.DefaultClause` is a :class:`.FetchedValue`
    that also generates a "DEFAULT" clause when
    "CREATE TABLE" is emitted.

    :class:`.DefaultClause` is generated automatically
    whenever the ``server_default``, ``server_onupdate`` arguments of
    :class:`.Column` are used.  A :class:`.DefaultClause`
    can be passed positionally as well.

    For example, the following::

        Column('foo', Integer, server_default="50")

    Is equivalent to::

        Column('foo', Integer, DefaultClause("50"))

    """

    has_argument = True

    def __init__(self, arg, for_update=False, _reflected=False):
        util.assert_arg_type(arg, (util.string_types[0],
                                   ClauseElement,
                                   TextClause), 'arg')
        super(DefaultClause, self).__init__(for_update)
        self.arg = arg
        self.reflected = _reflected

    def __repr__(self):
        return "DefaultClause(%r, for_update=%r)" % \
            (self.arg, self.for_update)


class PassiveDefault(DefaultClause):
    """A DDL-specified DEFAULT column value.

    .. deprecated:: 0.6
        :class:`.PassiveDefault` is deprecated.
        Use :class:`.DefaultClause`.
    """
    @util.deprecated("0.6",
                     ":class:`.PassiveDefault` is deprecated.  "
                     "Use :class:`.DefaultClause`.",
                     False)
    def __init__(self, *arg, **kw):
        DefaultClause.__init__(self, *arg, **kw)


class Constraint(DialectKWArgs, SchemaItem):
    """A table-level SQL constraint."""

    __visit_name__ = 'constraint'

    def __init__(self, name=None, deferrable=None, initially=None,
                 _create_rule=None, info=None, _type_bound=False,
                 **dialect_kw):
        """Create a SQL constraint.

        :param name:
          Optional, the in-database name of this ``Constraint``.

        :param deferrable:
          Optional bool.  If set, emit DEFERRABLE or NOT DEFERRABLE when
          issuing DDL for this constraint.

        :param initially:
          Optional string.  If set, emit INITIALLY <value> when issuing DDL
          for this constraint.

        :param info: Optional data dictionary which will be populated into the
            :attr:`.SchemaItem.info` attribute of this object.

            .. versionadded:: 1.0.0

        :param _create_rule:
          a callable which is passed the DDLCompiler object during
          compilation. Returns True or False to signal inline generation of
          this Constraint.

          The AddConstraint and DropConstraint DDL constructs provide
          DDLElement's more comprehensive "conditional DDL" approach that is
          passed a database connection when DDL is being issued. _create_rule
          is instead called during any CREATE TABLE compilation, where there
          may not be any transaction/connection in progress. However, it
          allows conditional compilation of the constraint even for backends
          which do not support addition of constraints through ALTER TABLE,
          which currently includes SQLite.

          _create_rule is used by some types to create constraints.
          Currently, its call signature is subject to change at any time.

        :param \**dialect_kw:  Additional keyword arguments are dialect
            specific, and passed in the form ``<dialectname>_<argname>``.  See
            the documentation regarding an individual dialect at
            :ref:`dialect_toplevel` for detail on documented arguments.

        """

        self.name = name
        self.deferrable = deferrable
        self.initially = initially
        if info:
            self.info = info
        self._create_rule = _create_rule
        self._type_bound = _type_bound
        util.set_creation_order(self)
        self._validate_dialect_kwargs(dialect_kw)

    @property
    def table(self):
        try:
            if isinstance(self.parent, Table):
                return self.parent
        except AttributeError:
            pass
        raise exc.InvalidRequestError(
            "This constraint is not bound to a table.  Did you "
            "mean to call table.append_constraint(constraint) ?")

    def _set_parent(self, parent):
        self.parent = parent
        parent.constraints.add(self)

    def copy(self, **kw):
        raise NotImplementedError()


def _to_schema_column(element):
    if hasattr(element, '__clause_element__'):
        element = element.__clause_element__()
    if not isinstance(element, Column):
        raise exc.ArgumentError("schema.Column object expected")
    return element


def _to_schema_column_or_string(element):
    if hasattr(element, '__clause_element__'):
        element = element.__clause_element__()
    if not isinstance(element, util.string_types + (ColumnElement, )):
        msg = "Element %r is not a string name or column element"
        raise exc.ArgumentError(msg % element)
    return element


class ColumnCollectionMixin(object):

    columns = None
    """A :class:`.ColumnCollection` of :class:`.Column` objects.

    This collection represents the columns which are referred to by
    this object.

    """

    _allow_multiple_tables = False

    def __init__(self, *columns, **kw):
        _autoattach = kw.pop('_autoattach', True)
        self.columns = ColumnCollection()
        self._pending_colargs = [_to_schema_column_or_string(c)
                                 for c in columns]
        if _autoattach and self._pending_colargs:
            self._check_attach()

    @classmethod
    def _extract_col_expression_collection(cls, expressions):
        for expr in expressions:
            strname = None
            column = None
            if not isinstance(expr, ClauseElement):
                # this assumes a string
                strname = expr
            else:
                cols = []
                visitors.traverse(expr, {}, {'column': cols.append})
                if cols:
                    column = cols[0]
            add_element = column if column is not None else strname
            yield expr, column, strname, add_element

    def _check_attach(self, evt=False):
        col_objs = [
            c for c in self._pending_colargs
            if isinstance(c, Column)
        ]

        cols_w_table = [
            c for c in col_objs if isinstance(c.table, Table)
        ]

        cols_wo_table = set(col_objs).difference(cols_w_table)

        if cols_wo_table:
            # feature #3341 - place event listeners for Column objects
            # such that when all those cols are attached, we autoattach.
            assert not evt, "Should not reach here on event call"

            # issue #3411 - don't do the per-column auto-attach if some of the
            # columns are specified as strings.
            has_string_cols = set(self._pending_colargs).difference(col_objs)
            if not has_string_cols:
                def _col_attached(column, table):
                    cols_wo_table.discard(column)
                    if not cols_wo_table:
                        self._check_attach(evt=True)
                self._cols_wo_table = cols_wo_table
                for col in cols_wo_table:
                    col._on_table_attach(_col_attached)
                return

        columns = cols_w_table

        tables = set([c.table for c in columns])
        if len(tables) == 1:
            self._set_parent_with_dispatch(tables.pop())
        elif len(tables) > 1 and not self._allow_multiple_tables:
            table = columns[0].table
            others = [c for c in columns[1:] if c.table is not table]
            if others:
                raise exc.ArgumentError(
                    "Column(s) %s are not part of table '%s'." %
                    (", ".join("'%s'" % c for c in others),
                        table.description)
                )

    def _set_parent(self, table):
        for col in self._pending_colargs:
            if isinstance(col, util.string_types):
                col = table.c[col]
            self.columns.add(col)


class ColumnCollectionConstraint(ColumnCollectionMixin, Constraint):
    """A constraint that proxies a ColumnCollection."""

    def __init__(self, *columns, **kw):
        """
        :param \*columns:
          A sequence of column names or Column objects.

        :param name:
          Optional, the in-database name of this constraint.

        :param deferrable:
          Optional bool.  If set, emit DEFERRABLE or NOT DEFERRABLE when
          issuing DDL for this constraint.

        :param initially:
          Optional string.  If set, emit INITIALLY <value> when issuing DDL
          for this constraint.

        :param \**kw: other keyword arguments including dialect-specific
          arguments are propagated to the :class:`.Constraint` superclass.

        """
        _autoattach = kw.pop('_autoattach', True)
        Constraint.__init__(self, **kw)
        ColumnCollectionMixin.__init__(self, *columns, _autoattach=_autoattach)

    def _set_parent(self, table):
        Constraint._set_parent(self, table)
        ColumnCollectionMixin._set_parent(self, table)

    def __contains__(self, x):
        return x in self.columns

    def copy(self, **kw):
        c = self.__class__(name=self.name, deferrable=self.deferrable,
                           initially=self.initially, *self.columns.keys())
        return self._schema_item_copy(c)

    def contains_column(self, col):
        """Return True if this constraint contains the given column.

        Note that this object also contains an attribute ``.columns``
        which is a :class:`.ColumnCollection` of :class:`.Column` objects.

        """

        return self.columns.contains_column(col)

    def __iter__(self):
        # inlining of
        # return iter(self.columns)
        # ColumnCollection->OrderedProperties->OrderedDict
        ordered_dict = self.columns._data
        return (ordered_dict[key] for key in ordered_dict._list)

    def __len__(self):
        return len(self.columns._data)


class CheckConstraint(ColumnCollectionConstraint):
    """A table- or column-level CHECK constraint.

    Can be included in the definition of a Table or Column.
    """

    _allow_multiple_tables = True

    def __init__(self, sqltext, name=None, deferrable=None,
                 initially=None, table=None, info=None, _create_rule=None,
                 _autoattach=True, _type_bound=False):
        """Construct a CHECK constraint.

        :param sqltext:
          A string containing the constraint definition, which will be used
          verbatim, or a SQL expression construct.   If given as a string,
          the object is converted to a :class:`.Text` object.   If the textual
          string includes a colon character, escape this using a backslash::

            CheckConstraint(r"foo ~ E'a(?\:b|c)d")

        :param name:
          Optional, the in-database name of the constraint.

        :param deferrable:
          Optional bool.  If set, emit DEFERRABLE or NOT DEFERRABLE when
          issuing DDL for this constraint.

        :param initially:
          Optional string.  If set, emit INITIALLY <value> when issuing DDL
          for this constraint.

        :param info: Optional data dictionary which will be populated into the
            :attr:`.SchemaItem.info` attribute of this object.

            .. versionadded:: 1.0.0

        """

        self.sqltext = _literal_as_text(sqltext, warn=False)

        columns = []
        visitors.traverse(self.sqltext, {}, {'column': columns.append})

        super(CheckConstraint, self).\
            __init__(
                name=name, deferrable=deferrable,
                initially=initially, _create_rule=_create_rule, info=info,
                _type_bound=_type_bound, _autoattach=_autoattach,
                *columns)
        if table is not None:
            self._set_parent_with_dispatch(table)

    def __visit_name__(self):
        if isinstance(self.parent, Table):
            return "check_constraint"
        else:
            return "column_check_constraint"
    __visit_name__ = property(__visit_name__)

    def copy(self, target_table=None, **kw):
        if target_table is not None:
            def replace(col):
                if self.table.c.contains_column(col):
                    return target_table.c[col.key]
                else:
                    return None
            sqltext = visitors.replacement_traverse(self.sqltext, {}, replace)
        else:
            sqltext = self.sqltext
        c = CheckConstraint(sqltext,
                            name=self.name,
                            initially=self.initially,
                            deferrable=self.deferrable,
                            _create_rule=self._create_rule,
                            table=target_table,
                            _autoattach=False,
                            _type_bound=self._type_bound)
        return self._schema_item_copy(c)


class ForeignKeyConstraint(ColumnCollectionConstraint):
    """A table-level FOREIGN KEY constraint.

    Defines a single column or composite FOREIGN KEY ... REFERENCES
    constraint. For a no-frills, single column foreign key, adding a
    :class:`.ForeignKey` to the definition of a :class:`.Column` is a
    shorthand equivalent for an unnamed, single column
    :class:`.ForeignKeyConstraint`.

    Examples of foreign key configuration are in :ref:`metadata_foreignkeys`.

    """
    __visit_name__ = 'foreign_key_constraint'

    def __init__(self, columns, refcolumns, name=None, onupdate=None,
                 ondelete=None, deferrable=None, initially=None,
                 use_alter=False, link_to_name=False, match=None,
                 table=None, info=None, **dialect_kw):
        """Construct a composite-capable FOREIGN KEY.

        :param columns: A sequence of local column names. The named columns
          must be defined and present in the parent Table. The names should
          match the ``key`` given to each column (defaults to the name) unless
          ``link_to_name`` is True.

        :param refcolumns: A sequence of foreign column names or Column
          objects. The columns must all be located within the same Table.

        :param name: Optional, the in-database name of the key.

        :param onupdate: Optional string. If set, emit ON UPDATE <value> when
          issuing DDL for this constraint. Typical values include CASCADE,
          DELETE and RESTRICT.

        :param ondelete: Optional string. If set, emit ON DELETE <value> when
          issuing DDL for this constraint. Typical values include CASCADE,
          DELETE and RESTRICT.

        :param deferrable: Optional bool. If set, emit DEFERRABLE or NOT
          DEFERRABLE when issuing DDL for this constraint.

        :param initially: Optional string. If set, emit INITIALLY <value> when
          issuing DDL for this constraint.

        :param link_to_name: if True, the string name given in ``column`` is
          the rendered name of the referenced column, not its locally assigned
          ``key``.

        :param use_alter: If True, do not emit the DDL for this constraint as
          part of the CREATE TABLE definition. Instead, generate it via an
          ALTER TABLE statement issued after the full collection of tables
          have been created, and drop it via an ALTER TABLE statement before
          the full collection of tables are dropped.

          The use of :paramref:`.ForeignKeyConstraint.use_alter` is
          particularly geared towards the case where two or more tables
          are established within a mutually-dependent foreign key constraint
          relationship; however, the :meth:`.MetaData.create_all` and
          :meth:`.MetaData.drop_all` methods will perform this resolution
          automatically, so the flag is normally not needed.

          .. versionchanged:: 1.0.0  Automatic resolution of foreign key
             cycles has been added, removing the need to use the
             :paramref:`.ForeignKeyConstraint.use_alter` in typical use
             cases.

          .. seealso::

                :ref:`use_alter`

        :param match: Optional string. If set, emit MATCH <value> when issuing
          DDL for this constraint. Typical values include SIMPLE, PARTIAL
          and FULL.

        :param info: Optional data dictionary which will be populated into the
            :attr:`.SchemaItem.info` attribute of this object.

            .. versionadded:: 1.0.0

        :param \**dialect_kw:  Additional keyword arguments are dialect
          specific, and passed in the form ``<dialectname>_<argname>``.  See
          the documentation regarding an individual dialect at
          :ref:`dialect_toplevel` for detail on documented arguments.

            .. versionadded:: 0.9.2

        """

        Constraint.__init__(
            self, name=name, deferrable=deferrable, initially=initially,
            info=info, **dialect_kw)
        self.onupdate = onupdate
        self.ondelete = ondelete
        self.link_to_name = link_to_name
        self.use_alter = use_alter
        self.match = match

        # standalone ForeignKeyConstraint - create
        # associated ForeignKey objects which will be applied to hosted
        # Column objects (in col.foreign_keys), either now or when attached
        # to the Table for string-specified names
        self.elements = [
            ForeignKey(
                refcol,
                _constraint=self,
                name=self.name,
                onupdate=self.onupdate,
                ondelete=self.ondelete,
                use_alter=self.use_alter,
                link_to_name=self.link_to_name,
                match=self.match,
                deferrable=self.deferrable,
                initially=self.initially,
                **self.dialect_kwargs
            ) for refcol in refcolumns
        ]

        ColumnCollectionMixin.__init__(self, *columns)
        if table is not None:
            if hasattr(self, "parent"):
                assert table is self.parent
            self._set_parent_with_dispatch(table)

    def _append_element(self, column, fk):
        self.columns.add(column)
        self.elements.append(fk)

    @property
    def _elements(self):
        # legacy - provide a dictionary view of (column_key, fk)
        return util.OrderedDict(
            zip(self.column_keys, self.elements)
        )

    @property
    def _referred_schema(self):
        for elem in self.elements:
            return elem._referred_schema
        else:
            return None

    @property
    def referred_table(self):
        """The :class:`.Table` object to which this
        :class:`.ForeignKeyConstraint` references.

        This is a dynamically calculated attribute which may not be available
        if the constraint and/or parent table is not yet associated with
        a metadata collection that contains the referred table.

        .. versionadded:: 1.0.0

        """
        return self.elements[0].column.table

    def _validate_dest_table(self, table):
        table_keys = set([elem._table_key()
                          for elem in self.elements])
        if None not in table_keys and len(table_keys) > 1:
            elem0, elem1 = sorted(table_keys)[0:2]
            raise exc.ArgumentError(
                'ForeignKeyConstraint on %s(%s) refers to '
                'multiple remote tables: %s and %s' % (
                    table.fullname,
                    self._col_description,
                    elem0,
                    elem1
                ))

    @property
    def column_keys(self):
        """Return a list of string keys representing the local
        columns in this :class:`.ForeignKeyConstraint`.

        This list is either the original string arguments sent
        to the constructor of the :class:`.ForeignKeyConstraint`,
        or if the constraint has been initialized with :class:`.Column`
        objects, is the string .key of each element.

        .. versionadded:: 1.0.0

        """
        if hasattr(self, "parent"):
            return self.columns.keys()
        else:
            return [
                col.key if isinstance(col, ColumnElement)
                else str(col) for col in self._pending_colargs
            ]

    @property
    def _col_description(self):
        return ", ".join(self.column_keys)

    def _set_parent(self, table):
        Constraint._set_parent(self, table)

        try:
            ColumnCollectionConstraint._set_parent(self, table)
        except KeyError as ke:
            raise exc.ArgumentError(
                "Can't create ForeignKeyConstraint "
                "on table '%s': no column "
                "named '%s' is present." % (table.description, ke.args[0]))

        for col, fk in zip(self.columns, self.elements):
            if not hasattr(fk, 'parent') or \
                    fk.parent is not col:
                fk._set_parent_with_dispatch(col)

        self._validate_dest_table(table)

    def copy(self, schema=None, target_table=None, **kw):
        fkc = ForeignKeyConstraint(
            [x.parent.key for x in self.elements],
            [x._get_colspec(
                schema=schema,
                table_name=target_table.name
                if target_table is not None
                and x._table_key() == x.parent.table.key
                else None)
             for x in self.elements],
            name=self.name,
            onupdate=self.onupdate,
            ondelete=self.ondelete,
            use_alter=self.use_alter,
            deferrable=self.deferrable,
            initially=self.initially,
            link_to_name=self.link_to_name,
            match=self.match
        )
        for self_fk, other_fk in zip(
                self.elements,
                fkc.elements):
            self_fk._schema_item_copy(other_fk)
        return self._schema_item_copy(fkc)


class PrimaryKeyConstraint(ColumnCollectionConstraint):
    """A table-level PRIMARY KEY constraint.

    The :class:`.PrimaryKeyConstraint` object is present automatically
    on any :class:`.Table` object; it is assigned a set of
    :class:`.Column` objects corresponding to those marked with
    the :paramref:`.Column.primary_key` flag::

        >>> my_table = Table('mytable', metadata,
        ...                 Column('id', Integer, primary_key=True),
        ...                 Column('version_id', Integer, primary_key=True),
        ...                 Column('data', String(50))
        ...     )
        >>> my_table.primary_key
        PrimaryKeyConstraint(
            Column('id', Integer(), table=<mytable>,
                   primary_key=True, nullable=False),
            Column('version_id', Integer(), table=<mytable>,
                   primary_key=True, nullable=False)
        )

    The primary key of a :class:`.Table` can also be specified by using
    a :class:`.PrimaryKeyConstraint` object explicitly; in this mode of usage,
    the "name" of the constraint can also be specified, as well as other
    options which may be recognized by dialects::

        my_table = Table('mytable', metadata,
                    Column('id', Integer),
                    Column('version_id', Integer),
                    Column('data', String(50)),
                    PrimaryKeyConstraint('id', 'version_id',
                                         name='mytable_pk')
                )

    The two styles of column-specification should generally not be mixed.
    An warning is emitted if the columns present in the
    :class:`.PrimaryKeyConstraint`
    don't match the columns that were marked as ``primary_key=True``, if both
    are present; in this case, the columns are taken strictly from the
    :class:`.PrimaryKeyConstraint` declaration, and those columns otherwise
    marked as ``primary_key=True`` are ignored.  This behavior is intended to
    be backwards compatible with previous behavior.

    .. versionchanged:: 0.9.2  Using a mixture of columns within a
       :class:`.PrimaryKeyConstraint` in addition to columns marked as
       ``primary_key=True`` now emits a warning if the lists don't match.
       The ultimate behavior of ignoring those columns marked with the flag
       only is currently maintained for backwards compatibility; this warning
       may raise an exception in a future release.

    For the use case where specific options are to be specified on the
    :class:`.PrimaryKeyConstraint`, but the usual style of using
    ``primary_key=True`` flags is still desirable, an empty
    :class:`.PrimaryKeyConstraint` may be specified, which will take on the
    primary key column collection from the :class:`.Table` based on the
    flags::

        my_table = Table('mytable', metadata,
                    Column('id', Integer, primary_key=True),
                    Column('version_id', Integer, primary_key=True),
                    Column('data', String(50)),
                    PrimaryKeyConstraint(name='mytable_pk',
                                         mssql_clustered=True)
                )

    .. versionadded:: 0.9.2 an empty :class:`.PrimaryKeyConstraint` may now
       be specified for the purposes of establishing keyword arguments with
       the constraint, independently of the specification of "primary key"
       columns within the :class:`.Table` itself; columns marked as
       ``primary_key=True`` will be gathered into the empty constraint's
       column collection.

    """

    __visit_name__ = 'primary_key_constraint'

    def _set_parent(self, table):
        super(PrimaryKeyConstraint, self)._set_parent(table)

        if table.primary_key is not self:
            table.constraints.discard(table.primary_key)
            table.primary_key = self
            table.constraints.add(self)

        table_pks = [c for c in table.c if c.primary_key]
        if self.columns and table_pks and \
                set(table_pks) != set(self.columns.values()):
            util.warn(
                "Table '%s' specifies columns %s as primary_key=True, "
                "not matching locally specified columns %s; setting the "
                "current primary key columns to %s. This warning "
                "may become an exception in a future release" %
                (
                    table.name,
                    ", ".join("'%s'" % c.name for c in table_pks),
                    ", ".join("'%s'" % c.name for c in self.columns),
                    ", ".join("'%s'" % c.name for c in self.columns)
                )
            )
            table_pks[:] = []

        for c in self.columns:
            c.primary_key = True
            c.nullable = False
        self.columns.extend(table_pks)

    def _reload(self, columns):
        """repopulate this :class:`.PrimaryKeyConstraint` given
        a set of columns.

        Existing columns in the table that are marked as primary_key=True
        are maintained.

        Also fires a new event.

        This is basically like putting a whole new
        :class:`.PrimaryKeyConstraint` object on the parent
        :class:`.Table` object without actually replacing the object.

        The ordering of the given list of columns is also maintained; these
        columns will be appended to the list of columns after any which
        are already present.

        """

        # set the primary key flag on new columns.
        # note any existing PK cols on the table also have their
        # flag still set.
        for col in columns:
            col.primary_key = True

        self.columns.extend(columns)

        self._set_parent_with_dispatch(self.table)

    def _replace(self, col):
        self.columns.replace(col)


class UniqueConstraint(ColumnCollectionConstraint):
    """A table-level UNIQUE constraint.

    Defines a single column or composite UNIQUE constraint. For a no-frills,
    single column constraint, adding ``unique=True`` to the ``Column``
    definition is a shorthand equivalent for an unnamed, single column
    UniqueConstraint.
    """

    __visit_name__ = 'unique_constraint'


class Index(DialectKWArgs, ColumnCollectionMixin, SchemaItem):
    """A table-level INDEX.

    Defines a composite (one or more column) INDEX.

    E.g.::

        sometable = Table("sometable", metadata,
                        Column("name", String(50)),
                        Column("address", String(100))
                    )

        Index("some_index", sometable.c.name)

    For a no-frills, single column index, adding
    :class:`.Column` also supports ``index=True``::

        sometable = Table("sometable", metadata,
                        Column("name", String(50), index=True)
                    )

    For a composite index, multiple columns can be specified::

        Index("some_index", sometable.c.name, sometable.c.address)

    Functional indexes are supported as well, typically by using the
    :data:`.func` construct in conjunction with table-bound
    :class:`.Column` objects::

        Index("some_index", func.lower(sometable.c.name))

    .. versionadded:: 0.8 support for functional and expression-based indexes.

    An :class:`.Index` can also be manually associated with a :class:`.Table`,
    either through inline declaration or using
    :meth:`.Table.append_constraint`.  When this approach is used, the names
    of the indexed columns can be specified as strings::

        Table("sometable", metadata,
                        Column("name", String(50)),
                        Column("address", String(100)),
                        Index("some_index", "name", "address")
                )

    To support functional or expression-based indexes in this form, the
    :func:`.text` construct may be used::

        from sqlalchemy import text

        Table("sometable", metadata,
                        Column("name", String(50)),
                        Column("address", String(100)),
                        Index("some_index", text("lower(name)"))
                )

    .. versionadded:: 0.9.5 the :func:`.text` construct may be used to
       specify :class:`.Index` expressions, provided the :class:`.Index`
       is explicitly associated with the :class:`.Table`.


    .. seealso::

        :ref:`schema_indexes` - General information on :class:`.Index`.

        :ref:`postgresql_indexes` - PostgreSQL-specific options available for
        the :class:`.Index` construct.

        :ref:`mysql_indexes` - MySQL-specific options available for the
        :class:`.Index` construct.

        :ref:`mssql_indexes` - MSSQL-specific options available for the
        :class:`.Index` construct.

    """

    __visit_name__ = 'index'

    def __init__(self, name, *expressions, **kw):
        """Construct an index object.

        :param name:
          The name of the index

        :param \*expressions:
          Column expressions to include in the index.   The expressions
          are normally instances of :class:`.Column`, but may also
          be arbitrary SQL expressions which ultimately refer to a
          :class:`.Column`.

        :param unique=False:
            Keyword only argument; if True, create a unique index.

        :param quote=None:
            Keyword only argument; whether to apply quoting to the name of
            the index.  Works in the same manner as that of
            :paramref:`.Column.quote`.

        :param info=None: Optional data dictionary which will be populated
            into the :attr:`.SchemaItem.info` attribute of this object.

            .. versionadded:: 1.0.0

        :param \**kw: Additional keyword arguments not mentioned above are
            dialect specific, and passed in the form
            ``<dialectname>_<argname>``. See the documentation regarding an
            individual dialect at :ref:`dialect_toplevel` for detail on
            documented arguments.

        """
        self.table = None

        columns = []
        for expr, column, strname, add_element in self.\
                _extract_col_expression_collection(expressions):
            if add_element is not None:
                columns.append(add_element)

        self.expressions = expressions
        self.name = quoted_name(name, kw.pop("quote", None))
        self.unique = kw.pop('unique', False)
        if 'info' in kw:
            self.info = kw.pop('info')
        self._validate_dialect_kwargs(kw)

        # will call _set_parent() if table-bound column
        # objects are present
        ColumnCollectionMixin.__init__(self, *columns)

    def _set_parent(self, table):
        ColumnCollectionMixin._set_parent(self, table)

        if self.table is not None and table is not self.table:
            raise exc.ArgumentError(
                "Index '%s' is against table '%s', and "
                "cannot be associated with table '%s'." % (
                    self.name,
                    self.table.description,
                    table.description
                )
            )
        self.table = table
        table.indexes.add(self)

        self.expressions = [
            expr if isinstance(expr, ClauseElement)
            else colexpr
            for expr, colexpr in util.zip_longest(self.expressions,
                                                  self.columns)
        ]

    @property
    def bind(self):
        """Return the connectable associated with this Index."""

        return self.table.bind

    def create(self, bind=None):
        """Issue a ``CREATE`` statement for this
        :class:`.Index`, using the given :class:`.Connectable`
        for connectivity.

        .. seealso::

            :meth:`.MetaData.create_all`.

        """
        if bind is None:
            bind = _bind_or_error(self)
        bind._run_visitor(ddl.SchemaGenerator, self)
        return self

    def drop(self, bind=None):
        """Issue a ``DROP`` statement for this
        :class:`.Index`, using the given :class:`.Connectable`
        for connectivity.

        .. seealso::

            :meth:`.MetaData.drop_all`.

        """
        if bind is None:
            bind = _bind_or_error(self)
        bind._run_visitor(ddl.SchemaDropper, self)

    def __repr__(self):
        return 'Index(%s)' % (
            ", ".join(
                [repr(self.name)] +
                [repr(e) for e in self.expressions] +
                (self.unique and ["unique=True"] or [])
            ))


DEFAULT_NAMING_CONVENTION = util.immutabledict({
    "ix": 'ix_%(column_0_label)s'
})


class MetaData(SchemaItem):
    """A collection of :class:`.Table` objects and their associated schema
    constructs.

    Holds a collection of :class:`.Table` objects as well as
    an optional binding to an :class:`.Engine` or
    :class:`.Connection`.  If bound, the :class:`.Table` objects
    in the collection and their columns may participate in implicit SQL
    execution.

    The :class:`.Table` objects themselves are stored in the
    :attr:`.MetaData.tables` dictionary.

    :class:`.MetaData` is a thread-safe object for read operations.
    Construction of new tables within a single :class:`.MetaData` object,
    either explicitly or via reflection, may not be completely thread-safe.

    .. seealso::

        :ref:`metadata_describing` - Introduction to database metadata

    """

    __visit_name__ = 'metadata'

    def __init__(self, bind=None, reflect=False, schema=None,
                 quote_schema=None,
                 naming_convention=DEFAULT_NAMING_CONVENTION,
                 info=None
                 ):
        """Create a new MetaData object.

        :param bind:
          An Engine or Connection to bind to.  May also be a string or URL
          instance, these are passed to create_engine() and this MetaData will
          be bound to the resulting engine.

        :param reflect:
          Optional, automatically load all tables from the bound database.
          Defaults to False. ``bind`` is required when this option is set.

          .. deprecated:: 0.8
                Please use the :meth:`.MetaData.reflect` method.

        :param schema:
           The default schema to use for the :class:`.Table`,
           :class:`.Sequence`, and potentially other objects associated with
           this :class:`.MetaData`. Defaults to ``None``.

           When this value is set, any :class:`.Table` or :class:`.Sequence`
           which specifies ``None`` for the schema parameter will instead
           have this schema name defined.  To build a :class:`.Table`
           or :class:`.Sequence` that still has ``None`` for the schema
           even when this parameter is present, use the :attr:`.BLANK_SCHEMA`
           symbol.

           .. seealso::

                :paramref:`.Table.schema`

                :paramref:`.Sequence.schema`

        :param quote_schema:
            Sets the ``quote_schema`` flag for those :class:`.Table`,
            :class:`.Sequence`, and other objects which make usage of the
            local ``schema`` name.

        :param info: Optional data dictionary which will be populated into the
            :attr:`.SchemaItem.info` attribute of this object.

            .. versionadded:: 1.0.0

        :param naming_convention: a dictionary referring to values which
          will establish default naming conventions for :class:`.Constraint`
          and :class:`.Index` objects, for those objects which are not given
          a name explicitly.

          The keys of this dictionary may be:

          * a constraint or Index class, e.g. the :class:`.UniqueConstraint`,
            :class:`.ForeignKeyConstraint` class, the :class:`.Index` class

          * a string mnemonic for one of the known constraint classes;
            ``"fk"``, ``"pk"``, ``"ix"``, ``"ck"``, ``"uq"`` for foreign key,
            primary key, index, check, and unique constraint, respectively.

          * the string name of a user-defined "token" that can be used
            to define new naming tokens.

          The values associated with each "constraint class" or "constraint
          mnemonic" key are string naming templates, such as
          ``"uq_%(table_name)s_%(column_0_name)s"``,
          which describe how the name should be composed.  The values
          associated with user-defined "token" keys should be callables of the
          form ``fn(constraint, table)``, which accepts the constraint/index
          object and :class:`.Table` as arguments, returning a string
          result.

          The built-in names are as follows, some of which may only be
          available for certain types of constraint:

            * ``%(table_name)s`` - the name of the :class:`.Table` object
              associated with the constraint.

            * ``%(referred_table_name)s`` - the name of the :class:`.Table`
              object associated with the referencing target of a
              :class:`.ForeignKeyConstraint`.

            * ``%(column_0_name)s`` - the name of the :class:`.Column` at
              index position "0" within the constraint.

            * ``%(column_0_label)s`` - the label of the :class:`.Column` at
              index position "0", e.g. :attr:`.Column.label`

            * ``%(column_0_key)s`` - the key of the :class:`.Column` at
              index position "0", e.g. :attr:`.Column.key`

            * ``%(referred_column_0_name)s`` - the name of a :class:`.Column`
              at index position "0" referenced by a
              :class:`.ForeignKeyConstraint`.

            * ``%(constraint_name)s`` - a special key that refers to the
              existing name given to the constraint.  When this key is
              present, the :class:`.Constraint` object's existing name will be
              replaced with one that is composed from template string that
              uses this token. When this token is present, it is required that
              the :class:`.Constraint` is given an expicit name ahead of time.

            * user-defined: any additional token may be implemented by passing
              it along with a ``fn(constraint, table)`` callable to the
              naming_convention dictionary.

          .. versionadded:: 0.9.2

          .. seealso::

                :ref:`constraint_naming_conventions` - for detailed usage
                examples.

        """
        self.tables = util.immutabledict()
        self.schema = quoted_name(schema, quote_schema)
        self.naming_convention = naming_convention
        if info:
            self.info = info
        self._schemas = set()
        self._sequences = {}
        self._fk_memos = collections.defaultdict(list)

        self.bind = bind
        if reflect:
            util.warn_deprecated("reflect=True is deprecate; please "
                                 "use the reflect() method.")
            if not bind:
                raise exc.ArgumentError(
                    "A bind must be supplied in conjunction "
                    "with reflect=True")
            self.reflect()

    tables = None
    """A dictionary of :class:`.Table` objects keyed to their name or "table key".

    The exact key is that determined by the :attr:`.Table.key` attribute;
    for a table with no :attr:`.Table.schema` attribute, this is the same
    as :attr:`.Table.name`.  For a table with a schema, it is typically of the
    form ``schemaname.tablename``.

    .. seealso::

        :attr:`.MetaData.sorted_tables`

    """

    def __repr__(self):
        return 'MetaData(bind=%r)' % self.bind

    def __contains__(self, table_or_key):
        if not isinstance(table_or_key, util.string_types):
            table_or_key = table_or_key.key
        return table_or_key in self.tables

    def _add_table(self, name, schema, table):
        key = _get_table_key(name, schema)
        dict.__setitem__(self.tables, key, table)
        if schema:
            self._schemas.add(schema)

    def _remove_table(self, name, schema):
        key = _get_table_key(name, schema)
        removed = dict.pop(self.tables, key, None)
        if removed is not None:
            for fk in removed.foreign_keys:
                fk._remove_from_metadata(self)
        if self._schemas:
            self._schemas = set([t.schema
                                 for t in self.tables.values()
                                 if t.schema is not None])

    def __getstate__(self):
        return {'tables': self.tables,
                'schema': self.schema,
                'schemas': self._schemas,
                'sequences': self._sequences,
                'fk_memos': self._fk_memos,
                'naming_convention': self.naming_convention
                }

    def __setstate__(self, state):
        self.tables = state['tables']
        self.schema = state['schema']
        self.naming_convention = state['naming_convention']
        self._bind = None
        self._sequences = state['sequences']
        self._schemas = state['schemas']
        self._fk_memos = state['fk_memos']

    def is_bound(self):
        """True if this MetaData is bound to an Engine or Connection."""

        return self._bind is not None

    def bind(self):
        """An :class:`.Engine` or :class:`.Connection` to which this
        :class:`.MetaData` is bound.

        Typically, a :class:`.Engine` is assigned to this attribute
        so that "implicit execution" may be used, or alternatively
        as a means of providing engine binding information to an
        ORM :class:`.Session` object::

            engine = create_engine("someurl://")
            metadata.bind = engine

        .. seealso::

           :ref:`dbengine_implicit` - background on "bound metadata"

        """
        return self._bind

    @util.dependencies("sqlalchemy.engine.url")
    def _bind_to(self, url, bind):
        """Bind this MetaData to an Engine, Connection, string or URL."""

        if isinstance(bind, util.string_types + (url.URL, )):
            self._bind = sqlalchemy.create_engine(bind)
        else:
            self._bind = bind
    bind = property(bind, _bind_to)

    def clear(self):
        """Clear all Table objects from this MetaData."""

        dict.clear(self.tables)
        self._schemas.clear()
        self._fk_memos.clear()

    def remove(self, table):
        """Remove the given Table object from this MetaData."""

        self._remove_table(table.name, table.schema)

    @property
    def sorted_tables(self):
        """Returns a list of :class:`.Table` objects sorted in order of
        foreign key dependency.

        The sorting will place :class:`.Table` objects that have dependencies
        first, before the dependencies themselves, representing the
        order in which they can be created.   To get the order in which
        the tables would be dropped, use the ``reversed()`` Python built-in.

        .. warning::

            The :attr:`.sorted_tables` accessor cannot by itself accommodate
            automatic resolution of dependency cycles between tables, which
            are usually caused by mutually dependent foreign key constraints.
            To resolve these cycles, either the
            :paramref:`.ForeignKeyConstraint.use_alter` parameter may be appled
            to those constraints, or use the
            :func:`.schema.sort_tables_and_constraints` function which will break
            out foreign key constraints involved in cycles separately.

        .. seealso::

            :func:`.schema.sort_tables`

            :func:`.schema.sort_tables_and_constraints`

            :attr:`.MetaData.tables`

            :meth:`.Inspector.get_table_names`

            :meth:`.Inspector.get_sorted_table_and_fkc_names`


        """
        return ddl.sort_tables(sorted(self.tables.values(), key=lambda t: t.key))

    def reflect(self, bind=None, schema=None, views=False, only=None,
                extend_existing=False,
                autoload_replace=True,
                **dialect_kwargs):
        """Load all available table definitions from the database.

        Automatically creates ``Table`` entries in this ``MetaData`` for any
        table available in the database but not yet present in the
        ``MetaData``.  May be called multiple times to pick up tables recently
        added to the database, however no special action is taken if a table
        in this ``MetaData`` no longer exists in the database.

        :param bind:
          A :class:`.Connectable` used to access the database; if None, uses
          the existing bind on this ``MetaData``, if any.

        :param schema:
          Optional, query and reflect tables from an alterate schema.
          If None, the schema associated with this :class:`.MetaData`
          is used, if any.

        :param views:
          If True, also reflect views.

        :param only:
          Optional.  Load only a sub-set of available named tables.  May be
          specified as a sequence of names or a callable.

          If a sequence of names is provided, only those tables will be
          reflected.  An error is raised if a table is requested but not
          available.  Named tables already present in this ``MetaData`` are
          ignored.

          If a callable is provided, it will be used as a boolean predicate to
          filter the list of potential table names.  The callable is called
          with a table name and this ``MetaData`` instance as positional
          arguments and should return a true value for any table to reflect.

        :param extend_existing: Passed along to each :class:`.Table` as
          :paramref:`.Table.extend_existing`.

          .. versionadded:: 0.9.1

        :param autoload_replace: Passed along to each :class:`.Table` as
          :paramref:`.Table.autoload_replace`.

          .. versionadded:: 0.9.1

        :param \**dialect_kwargs: Additional keyword arguments not mentioned
         above are dialect specific, and passed in the form
         ``<dialectname>_<argname>``.  See the documentation regarding an
         individual dialect at :ref:`dialect_toplevel` for detail on
         documented arguments.

          .. versionadded:: 0.9.2 - Added
             :paramref:`.MetaData.reflect.**dialect_kwargs` to support
             dialect-level reflection options for all :class:`.Table`
             objects reflected.

        """
        if bind is None:
            bind = _bind_or_error(self)

        with bind.connect() as conn:

            reflect_opts = {
                'autoload': True,
                'autoload_with': conn,
                'extend_existing': extend_existing,
                'autoload_replace': autoload_replace
            }

            reflect_opts.update(dialect_kwargs)

            if schema is None:
                schema = self.schema

            if schema is not None:
                reflect_opts['schema'] = schema

            available = util.OrderedSet(
                bind.engine.table_names(schema, connection=conn))
            if views:
                available.update(
                    bind.dialect.get_view_names(conn, schema)
                )

            if schema is not None:
                available_w_schema = util.OrderedSet(["%s.%s" % (schema, name)
                                                      for name in available])
            else:
                available_w_schema = available

            current = set(self.tables)

            if only is None:
                load = [name for name, schname in
                        zip(available, available_w_schema)
                        if extend_existing or schname not in current]
            elif util.callable(only):
                load = [name for name, schname in
                        zip(available, available_w_schema)
                        if (extend_existing or schname not in current)
                        and only(name, self)]
            else:
                missing = [name for name in only if name not in available]
                if missing:
                    s = schema and (" schema '%s'" % schema) or ''
                    raise exc.InvalidRequestError(
                        'Could not reflect: requested table(s) not available '
                        'in %s%s: (%s)' %
                        (bind.engine.url, s, ', '.join(missing)))
                load = [name for name in only if extend_existing or
                        name not in current]

            for name in load:
                Table(name, self, **reflect_opts)

    def append_ddl_listener(self, event_name, listener):
        """Append a DDL event listener to this ``MetaData``.

        .. deprecated:: 0.7
            See :class:`.DDLEvents`.

        """
        def adapt_listener(target, connection, **kw):
            tables = kw['tables']
            listener(event, target, connection, tables=tables)

        event.listen(self, "" + event_name.replace('-', '_'), adapt_listener)

    def create_all(self, bind=None, tables=None, checkfirst=True):
        """Create all tables stored in this metadata.

        Conditional by default, will not attempt to recreate tables already
        present in the target database.

        :param bind:
          A :class:`.Connectable` used to access the
          database; if None, uses the existing bind on this ``MetaData``, if
          any.

        :param tables:
          Optional list of ``Table`` objects, which is a subset of the total
          tables in the ``MetaData`` (others are ignored).

        :param checkfirst:
          Defaults to True, don't issue CREATEs for tables already present
          in the target database.

        """
        if bind is None:
            bind = _bind_or_error(self)
        bind._run_visitor(ddl.SchemaGenerator,
                          self,
                          checkfirst=checkfirst,
                          tables=tables)

    def drop_all(self, bind=None, tables=None, checkfirst=True):
        """Drop all tables stored in this metadata.

        Conditional by default, will not attempt to drop tables not present in
        the target database.

        :param bind:
          A :class:`.Connectable` used to access the
          database; if None, uses the existing bind on this ``MetaData``, if
          any.

        :param tables:
          Optional list of ``Table`` objects, which is a subset of the
          total tables in the ``MetaData`` (others are ignored).

        :param checkfirst:
          Defaults to True, only issue DROPs for tables confirmed to be
          present in the target database.

        """
        if bind is None:
            bind = _bind_or_error(self)
        bind._run_visitor(ddl.SchemaDropper,
                          self,
                          checkfirst=checkfirst,
                          tables=tables)


class ThreadLocalMetaData(MetaData):
    """A MetaData variant that presents a different ``bind`` in every thread.

    Makes the ``bind`` property of the MetaData a thread-local value, allowing
    this collection of tables to be bound to different ``Engine``
    implementations or connections in each thread.

    The ThreadLocalMetaData starts off bound to None in each thread.  Binds
    must be made explicitly by assigning to the ``bind`` property or using
    ``connect()``.  You can also re-bind dynamically multiple times per
    thread, just like a regular ``MetaData``.

    """

    __visit_name__ = 'metadata'

    def __init__(self):
        """Construct a ThreadLocalMetaData."""

        self.context = util.threading.local()
        self.__engines = {}
        super(ThreadLocalMetaData, self).__init__()

    def bind(self):
        """The bound Engine or Connection for this thread.

        This property may be assigned an Engine or Connection, or assigned a
        string or URL to automatically create a basic Engine for this bind
        with ``create_engine()``."""

        return getattr(self.context, '_engine', None)

    @util.dependencies("sqlalchemy.engine.url")
    def _bind_to(self, url, bind):
        """Bind to a Connectable in the caller's thread."""

        if isinstance(bind, util.string_types + (url.URL, )):
            try:
                self.context._engine = self.__engines[bind]
            except KeyError:
                e = sqlalchemy.create_engine(bind)
                self.__engines[bind] = e
                self.context._engine = e
        else:
            # TODO: this is squirrely.  we shouldn't have to hold onto engines
            # in a case like this
            if bind not in self.__engines:
                self.__engines[bind] = bind
            self.context._engine = bind

    bind = property(bind, _bind_to)

    def is_bound(self):
        """True if there is a bind for this thread."""
        return (hasattr(self.context, '_engine') and
                self.context._engine is not None)

    def dispose(self):
        """Dispose all bound engines, in all thread contexts."""

        for e in self.__engines.values():
            if hasattr(e, 'dispose'):
                e.dispose()
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  This software is a toolchain for the analysis of mutations in quotes when they propagate through the blog- and news-spaces, measuring some ways in which we alter quotes when we write blog posts.
It was developed for a research paper based on the MemeTracker [http://memetracker.org/] quotes database [LeriqueRoth16] [https://hal.archives-ouvertes.fr/hal-01143986/], and is released under the GPLv3 license.


This documentation will walk you through the steps to install and run the complete analysis to reproduce the results of the paper, and gives you access to all the tools used during exploration of the data. Hey, these are the days of open science!


We’ll be referring to several concepts defined and discussed in the paper, so it might be helpful if you read it first.
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  Source code for sqlalchemy.sql.sqltypes

# sql/sqltypes.py
# Copyright (C) 2005-2016 the SQLAlchemy authors and contributors
# <see AUTHORS file>
#
# This module is part of SQLAlchemy and is released under
# the MIT License: http://www.opensource.org/licenses/mit-license.php

"""SQL specific types.

"""

import datetime as dt
import codecs

from .type_api import TypeEngine, TypeDecorator, to_instance
from .elements import quoted_name, type_coerce, _defer_name
from .. import exc, util, processors
from .base import _bind_or_error, SchemaEventTarget
from . import operators
from .. import event
from ..util import pickle
import decimal

if util.jython:
    import array


class _DateAffinity(object):

    """Mixin date/time specific expression adaptations.

    Rules are implemented within Date,Time,Interval,DateTime, Numeric,
    Integer. Based on http://www.postgresql.org/docs/current/static
    /functions-datetime.html.

    """

    @property
    def _expression_adaptations(self):
        raise NotImplementedError()

    class Comparator(TypeEngine.Comparator):
        _blank_dict = util.immutabledict()

        def _adapt_expression(self, op, other_comparator):
            othertype = other_comparator.type._type_affinity
            return (
                op, to_instance(
                    self.type._expression_adaptations.
                    get(op, self._blank_dict).
                    get(othertype, NULLTYPE))
            )
    comparator_factory = Comparator


class Concatenable(object):

    """A mixin that marks a type as supporting 'concatenation',
    typically strings."""

    class Comparator(TypeEngine.Comparator):

        def _adapt_expression(self, op, other_comparator):
            if (op is operators.add and
                    isinstance(
                        other_comparator,
                        (Concatenable.Comparator, NullType.Comparator)
                    )):
                return operators.concat_op, self.expr.type
            else:
                return op, self.expr.type

    comparator_factory = Comparator


class String(Concatenable, TypeEngine):

    """The base for all string and character types.

    In SQL, corresponds to VARCHAR.  Can also take Python unicode objects
    and encode to the database's encoding in bind params (and the reverse for
    result sets.)

    The `length` field is usually required when the `String` type is
    used within a CREATE TABLE statement, as VARCHAR requires a length
    on most databases.

    """

    __visit_name__ = 'string'

    def __init__(self, length=None, collation=None,
                 convert_unicode=False,
                 unicode_error=None,
                 _warn_on_bytestring=False
                 ):
        """
        Create a string-holding type.

        :param length: optional, a length for the column for use in
          DDL and CAST expressions.  May be safely omitted if no ``CREATE
          TABLE`` will be issued.  Certain databases may require a
          ``length`` for use in DDL, and will raise an exception when
          the ``CREATE TABLE`` DDL is issued if a ``VARCHAR``
          with no length is included.  Whether the value is
          interpreted as bytes or characters is database specific.

        :param collation: Optional, a column-level collation for
          use in DDL and CAST expressions.  Renders using the
          COLLATE keyword supported by SQLite, MySQL, and Postgresql.
          E.g.::

            >>> from sqlalchemy import cast, select, String
            >>> print select([cast('some string', String(collation='utf8'))])
            SELECT CAST(:param_1 AS VARCHAR COLLATE utf8) AS anon_1

          .. versionadded:: 0.8 Added support for COLLATE to all
             string types.

        :param convert_unicode: When set to ``True``, the
          :class:`.String` type will assume that
          input is to be passed as Python ``unicode`` objects,
          and results returned as Python ``unicode`` objects.
          If the DBAPI in use does not support Python unicode
          (which is fewer and fewer these days), SQLAlchemy
          will encode/decode the value, using the
          value of the ``encoding`` parameter passed to
          :func:`.create_engine` as the encoding.

          When using a DBAPI that natively supports Python
          unicode objects, this flag generally does not
          need to be set.  For columns that are explicitly
          intended to store non-ASCII data, the :class:`.Unicode`
          or :class:`.UnicodeText`
          types should be used regardless, which feature
          the same behavior of ``convert_unicode`` but
          also indicate an underlying column type that
          directly supports unicode, such as ``NVARCHAR``.

          For the extremely rare case that Python ``unicode``
          is to be encoded/decoded by SQLAlchemy on a backend
          that does natively support Python ``unicode``,
          the value ``force`` can be passed here which will
          cause SQLAlchemy's encode/decode services to be
          used unconditionally.

        :param unicode_error: Optional, a method to use to handle Unicode
          conversion errors. Behaves like the ``errors`` keyword argument to
          the standard library's ``string.decode()`` functions.   This flag
          requires that ``convert_unicode`` is set to ``force`` - otherwise,
          SQLAlchemy is not guaranteed to handle the task of unicode
          conversion.   Note that this flag adds significant performance
          overhead to row-fetching operations for backends that already
          return unicode objects natively (which most DBAPIs do).  This
          flag should only be used as a last resort for reading
          strings from a column with varied or corrupted encodings.

        """
        if unicode_error is not None and convert_unicode != 'force':
            raise exc.ArgumentError("convert_unicode must be 'force' "
                                    "when unicode_error is set.")

        self.length = length
        self.collation = collation
        self.convert_unicode = convert_unicode
        self.unicode_error = unicode_error
        self._warn_on_bytestring = _warn_on_bytestring

    def literal_processor(self, dialect):
        def process(value):
            value = value.replace("'", "''")
            return "'%s'" % value
        return process

    def bind_processor(self, dialect):
        if self.convert_unicode or dialect.convert_unicode:
            if dialect.supports_unicode_binds and \
                    self.convert_unicode != 'force':
                if self._warn_on_bytestring:
                    def process(value):
                        if isinstance(value, util.binary_type):
                            util.warn_limited(
                                "Unicode type received non-unicode "
                                "bind param value %r.",
                                (util.ellipses_string(value),))
                        return value
                    return process
                else:
                    return None
            else:
                encoder = codecs.getencoder(dialect.encoding)
                warn_on_bytestring = self._warn_on_bytestring

                def process(value):
                    if isinstance(value, util.text_type):
                        return encoder(value, self.unicode_error)[0]
                    elif warn_on_bytestring and value is not None:
                        util.warn_limited(
                            "Unicode type received non-unicode bind "
                            "param value %r.",
                            (util.ellipses_string(value),))
                    return value
            return process
        else:
            return None

    def result_processor(self, dialect, coltype):
        wants_unicode = self.convert_unicode or dialect.convert_unicode
        needs_convert = wants_unicode and \
            (dialect.returns_unicode_strings is not True or
             self.convert_unicode in ('force', 'force_nocheck'))
        needs_isinstance = (
            needs_convert and
            dialect.returns_unicode_strings and
            self.convert_unicode != 'force_nocheck'
        )
        if needs_convert:
            if needs_isinstance:
                return processors.to_conditional_unicode_processor_factory(
                    dialect.encoding, self.unicode_error)
            else:
                return processors.to_unicode_processor_factory(
                    dialect.encoding, self.unicode_error)
        else:
            return None

    @property
    def python_type(self):
        if self.convert_unicode:
            return util.text_type
        else:
            return str

    def get_dbapi_type(self, dbapi):
        return dbapi.STRING


class Text(String):

    """A variably sized string type.

    In SQL, usually corresponds to CLOB or TEXT. Can also take Python
    unicode objects and encode to the database's encoding in bind
    params (and the reverse for result sets.)  In general, TEXT objects
    do not have a length; while some databases will accept a length
    argument here, it will be rejected by others.

    """
    __visit_name__ = 'text'


class Unicode(String):

    """A variable length Unicode string type.

    The :class:`.Unicode` type is a :class:`.String` subclass
    that assumes input and output as Python ``unicode`` data,
    and in that regard is equivalent to the usage of the
    ``convert_unicode`` flag with the :class:`.String` type.
    However, unlike plain :class:`.String`, it also implies an
    underlying column type that is explicitly supporting of non-ASCII
    data, such as ``NVARCHAR`` on Oracle and SQL Server.
    This can impact the output of ``CREATE TABLE`` statements
    and ``CAST`` functions at the dialect level, and can
    also affect the handling of bound parameters in some
    specific DBAPI scenarios.

    The encoding used by the :class:`.Unicode` type is usually
    determined by the DBAPI itself; most modern DBAPIs
    feature support for Python ``unicode`` objects as bound
    values and result set values, and the encoding should
    be configured as detailed in the notes for the target
    DBAPI in the :ref:`dialect_toplevel` section.

    For those DBAPIs which do not support, or are not configured
    to accommodate Python ``unicode`` objects
    directly, SQLAlchemy does the encoding and decoding
    outside of the DBAPI.   The encoding in this scenario
    is determined by the ``encoding`` flag passed to
    :func:`.create_engine`.

    When using the :class:`.Unicode` type, it is only appropriate
    to pass Python ``unicode`` objects, and not plain ``str``.
    If a plain ``str`` is passed under Python 2, a warning
    is emitted.  If you notice your application emitting these warnings but
    you're not sure of the source of them, the Python
    ``warnings`` filter, documented at
    http://docs.python.org/library/warnings.html,
    can be used to turn these warnings into exceptions
    which will illustrate a stack trace::

      import warnings
      warnings.simplefilter('error')

    For an application that wishes to pass plain bytestrings
    and Python ``unicode`` objects to the ``Unicode`` type
    equally, the bytestrings must first be decoded into
    unicode.  The recipe at :ref:`coerce_to_unicode` illustrates
    how this is done.

    See also:

        :class:`.UnicodeText` - unlengthed textual counterpart
        to :class:`.Unicode`.

    """

    __visit_name__ = 'unicode'

    def __init__(self, length=None, **kwargs):
        """
        Create a :class:`.Unicode` object.

        Parameters are the same as that of :class:`.String`,
        with the exception that ``convert_unicode``
        defaults to ``True``.

        """
        kwargs.setdefault('convert_unicode', True)
        kwargs.setdefault('_warn_on_bytestring', True)
        super(Unicode, self).__init__(length=length, **kwargs)


class UnicodeText(Text):

    """An unbounded-length Unicode string type.

    See :class:`.Unicode` for details on the unicode
    behavior of this object.

    Like :class:`.Unicode`, usage the :class:`.UnicodeText` type implies a
    unicode-capable type being used on the backend, such as
    ``NCLOB``, ``NTEXT``.

    """

    __visit_name__ = 'unicode_text'

    def __init__(self, length=None, **kwargs):
        """
        Create a Unicode-converting Text type.

        Parameters are the same as that of :class:`.Text`,
        with the exception that ``convert_unicode``
        defaults to ``True``.

        """
        kwargs.setdefault('convert_unicode', True)
        kwargs.setdefault('_warn_on_bytestring', True)
        super(UnicodeText, self).__init__(length=length, **kwargs)


class Integer(_DateAffinity, TypeEngine):

    """A type for ``int`` integers."""

    __visit_name__ = 'integer'

    def get_dbapi_type(self, dbapi):
        return dbapi.NUMBER

    @property
    def python_type(self):
        return int

    def literal_processor(self, dialect):
        def process(value):
            return str(value)
        return process

    @util.memoized_property
    def _expression_adaptations(self):
        # TODO: need a dictionary object that will
        # handle operators generically here, this is incomplete
        return {
            operators.add: {
                Date: Date,
                Integer: self.__class__,
                Numeric: Numeric,
            },
            operators.mul: {
                Interval: Interval,
                Integer: self.__class__,
                Numeric: Numeric,
            },
            operators.div: {
                Integer: self.__class__,
                Numeric: Numeric,
            },
            operators.truediv: {
                Integer: self.__class__,
                Numeric: Numeric,
            },
            operators.sub: {
                Integer: self.__class__,
                Numeric: Numeric,
            },
        }


class SmallInteger(Integer):

    """A type for smaller ``int`` integers.

    Typically generates a ``SMALLINT`` in DDL, and otherwise acts like
    a normal :class:`.Integer` on the Python side.

    """

    __visit_name__ = 'small_integer'


class BigInteger(Integer):

    """A type for bigger ``int`` integers.

    Typically generates a ``BIGINT`` in DDL, and otherwise acts like
    a normal :class:`.Integer` on the Python side.

    """

    __visit_name__ = 'big_integer'


class Numeric(_DateAffinity, TypeEngine):

    """A type for fixed precision numbers, such as ``NUMERIC`` or ``DECIMAL``.

    This type returns Python ``decimal.Decimal`` objects by default, unless
    the :paramref:`.Numeric.asdecimal` flag is set to False, in which case
    they are coerced to Python ``float`` objects.

    .. note::

        The :class:`.Numeric` type is designed to receive data from a database
        type that is explicitly known to be a decimal type
        (e.g. ``DECIMAL``, ``NUMERIC``, others) and not a floating point
        type (e.g. ``FLOAT``, ``REAL``, others).
        If the database column on the server is in fact a floating-point type
        type, such as ``FLOAT`` or ``REAL``, use the :class:`.Float`
        type or a subclass, otherwise numeric coercion between
        ``float``/``Decimal`` may or may not function as expected.

    .. note::

       The Python ``decimal.Decimal`` class is generally slow
       performing; cPython 3.3 has now switched to use the `cdecimal
       <http://pypi.python.org/pypi/cdecimal/>`_ library natively. For
       older Python versions, the ``cdecimal`` library can be patched
       into any application where it will replace the ``decimal``
       library fully, however this needs to be applied globally and
       before any other modules have been imported, as follows::

           import sys
           import cdecimal
           sys.modules["decimal"] = cdecimal

       Note that the ``cdecimal`` and ``decimal`` libraries are **not
       compatible with each other**, so patching ``cdecimal`` at the
       global level is the only way it can be used effectively with
       various DBAPIs that hardcode to import the ``decimal`` library.

    """

    __visit_name__ = 'numeric'

    _default_decimal_return_scale = 10

    def __init__(self, precision=None, scale=None,
                 decimal_return_scale=None, asdecimal=True):
        """
        Construct a Numeric.

        :param precision: the numeric precision for use in DDL ``CREATE
          TABLE``.

        :param scale: the numeric scale for use in DDL ``CREATE TABLE``.

        :param asdecimal: default True.  Return whether or not
          values should be sent as Python Decimal objects, or
          as floats.   Different DBAPIs send one or the other based on
          datatypes - the Numeric type will ensure that return values
          are one or the other across DBAPIs consistently.

        :param decimal_return_scale: Default scale to use when converting
         from floats to Python decimals.  Floating point values will typically
         be much longer due to decimal inaccuracy, and most floating point
         database types don't have a notion of "scale", so by default the
         float type looks for the first ten decimal places when converting.
         Specfiying this value will override that length.  Types which
         do include an explicit ".scale" value, such as the base
         :class:`.Numeric` as well as the MySQL float types, will use the
         value of ".scale" as the default for decimal_return_scale, if not
         otherwise specified.

         .. versionadded:: 0.9.0

        When using the ``Numeric`` type, care should be taken to ensure
        that the asdecimal setting is apppropriate for the DBAPI in use -
        when Numeric applies a conversion from Decimal->float or float->
        Decimal, this conversion incurs an additional performance overhead
        for all result columns received.

        DBAPIs that return Decimal natively (e.g. psycopg2) will have
        better accuracy and higher performance with a setting of ``True``,
        as the native translation to Decimal reduces the amount of floating-
        point issues at play, and the Numeric type itself doesn't need
        to apply any further conversions.  However, another DBAPI which
        returns floats natively *will* incur an additional conversion
        overhead, and is still subject to floating point data loss - in
        which case ``asdecimal=False`` will at least remove the extra
        conversion overhead.

        """
        self.precision = precision
        self.scale = scale
        self.decimal_return_scale = decimal_return_scale
        self.asdecimal = asdecimal

    @property
    def _effective_decimal_return_scale(self):
        if self.decimal_return_scale is not None:
            return self.decimal_return_scale
        elif getattr(self, "scale", None) is not None:
            return self.scale
        else:
            return self._default_decimal_return_scale

    def get_dbapi_type(self, dbapi):
        return dbapi.NUMBER

    def literal_processor(self, dialect):
        def process(value):
            return str(value)
        return process

    @property
    def python_type(self):
        if self.asdecimal:
            return decimal.Decimal
        else:
            return float

    def bind_processor(self, dialect):
        if dialect.supports_native_decimal:
            return None
        else:
            return processors.to_float

    def result_processor(self, dialect, coltype):
        if self.asdecimal:
            if dialect.supports_native_decimal:
                # we're a "numeric", DBAPI will give us Decimal directly
                return None
            else:
                util.warn('Dialect %s+%s does *not* support Decimal '
                          'objects natively, and SQLAlchemy must '
                          'convert from floating point - rounding '
                          'errors and other issues may occur. Please '
                          'consider storing Decimal numbers as strings '
                          'or integers on this platform for lossless '
                          'storage.' % (dialect.name, dialect.driver))

                # we're a "numeric", DBAPI returns floats, convert.
                return processors.to_decimal_processor_factory(
                    decimal.Decimal,
                    self.scale if self.scale is not None
                    else self._default_decimal_return_scale)
        else:
            if dialect.supports_native_decimal:
                return processors.to_float
            else:
                return None

    @util.memoized_property
    def _expression_adaptations(self):
        return {
            operators.mul: {
                Interval: Interval,
                Numeric: self.__class__,
                Integer: self.__class__,
            },
            operators.div: {
                Numeric: self.__class__,
                Integer: self.__class__,
            },
            operators.truediv: {
                Numeric: self.__class__,
                Integer: self.__class__,
            },
            operators.add: {
                Numeric: self.__class__,
                Integer: self.__class__,
            },
            operators.sub: {
                Numeric: self.__class__,
                Integer: self.__class__,
            }
        }


class Float(Numeric):

    """Type representing floating point types, such as ``FLOAT`` or ``REAL``.

    This type returns Python ``float`` objects by default, unless the
    :paramref:`.Float.asdecimal` flag is set to True, in which case they
    are coerced to ``decimal.Decimal`` objects.

    .. note::

        The :class:`.Float` type is designed to receive data from a database
        type that is explicitly known to be a floating point type
        (e.g. ``FLOAT``, ``REAL``, others)
        and not a decimal type (e.g. ``DECIMAL``, ``NUMERIC``, others).
        If the database column on the server is in fact a Numeric
        type, such as ``DECIMAL`` or ``NUMERIC``, use the :class:`.Numeric`
        type or a subclass, otherwise numeric coercion between
        ``float``/``Decimal`` may or may not function as expected.

    """

    __visit_name__ = 'float'

    scale = None

    def __init__(self, precision=None, asdecimal=False,
                 decimal_return_scale=None, **kwargs):
        """
        Construct a Float.

        :param precision: the numeric precision for use in DDL ``CREATE
           TABLE``.

        :param asdecimal: the same flag as that of :class:`.Numeric`, but
          defaults to ``False``.   Note that setting this flag to ``True``
          results in floating point conversion.

        :param decimal_return_scale: Default scale to use when converting
         from floats to Python decimals.  Floating point values will typically
         be much longer due to decimal inaccuracy, and most floating point
         database types don't have a notion of "scale", so by default the
         float type looks for the first ten decimal places when converting.
         Specfiying this value will override that length.  Note that the
         MySQL float types, which do include "scale", will use "scale"
         as the default for decimal_return_scale, if not otherwise specified.

         .. versionadded:: 0.9.0

        :param \**kwargs: deprecated.  Additional arguments here are ignored
         by the default :class:`.Float` type.  For database specific
         floats that support additional arguments, see that dialect's
         documentation for details, such as
         :class:`sqlalchemy.dialects.mysql.FLOAT`.

        """
        self.precision = precision
        self.asdecimal = asdecimal
        self.decimal_return_scale = decimal_return_scale
        if kwargs:
            util.warn_deprecated("Additional keyword arguments "
                                 "passed to Float ignored.")

    def result_processor(self, dialect, coltype):
        if self.asdecimal:
            return processors.to_decimal_processor_factory(
                decimal.Decimal,
                self._effective_decimal_return_scale)
        else:
            return None

    @util.memoized_property
    def _expression_adaptations(self):
        return {
            operators.mul: {
                Interval: Interval,
                Numeric: self.__class__,
            },
            operators.div: {
                Numeric: self.__class__,
            },
            operators.truediv: {
                Numeric: self.__class__,
            },
            operators.add: {
                Numeric: self.__class__,
            },
            operators.sub: {
                Numeric: self.__class__,
            }
        }


class DateTime(_DateAffinity, TypeEngine):

    """A type for ``datetime.datetime()`` objects.

    Date and time types return objects from the Python ``datetime``
    module.  Most DBAPIs have built in support for the datetime
    module, with the noted exception of SQLite.  In the case of
    SQLite, date and time types are stored as strings which are then
    converted back to datetime objects when rows are returned.

    """

    __visit_name__ = 'datetime'

    def __init__(self, timezone=False):
        """Construct a new :class:`.DateTime`.

        :param timezone: boolean.  If True, and supported by the
         backend, will produce 'TIMESTAMP WITH TIMEZONE'. For backends
         that don't support timezone aware timestamps, has no
         effect.

        """
        self.timezone = timezone

    def get_dbapi_type(self, dbapi):
        return dbapi.DATETIME

    @property
    def python_type(self):
        return dt.datetime

    @util.memoized_property
    def _expression_adaptations(self):
        return {
            operators.add: {
                Interval: self.__class__,
            },
            operators.sub: {
                Interval: self.__class__,
                DateTime: Interval,
            },
        }


class Date(_DateAffinity, TypeEngine):

    """A type for ``datetime.date()`` objects."""

    __visit_name__ = 'date'

    def get_dbapi_type(self, dbapi):
        return dbapi.DATETIME

    @property
    def python_type(self):
        return dt.date

    @util.memoized_property
    def _expression_adaptations(self):
        return {
            operators.add: {
                Integer: self.__class__,
                Interval: DateTime,
                Time: DateTime,
            },
            operators.sub: {
                # date - integer = date
                Integer: self.__class__,

                # date - date = integer.
                Date: Integer,

                Interval: DateTime,

                # date - datetime = interval,
                # this one is not in the PG docs
                # but works
                DateTime: Interval,
            },
        }


class Time(_DateAffinity, TypeEngine):

    """A type for ``datetime.time()`` objects."""

    __visit_name__ = 'time'

    def __init__(self, timezone=False):
        self.timezone = timezone

    def get_dbapi_type(self, dbapi):
        return dbapi.DATETIME

    @property
    def python_type(self):
        return dt.time

    @util.memoized_property
    def _expression_adaptations(self):
        return {
            operators.add: {
                Date: DateTime,
                Interval: self.__class__
            },
            operators.sub: {
                Time: Interval,
                Interval: self.__class__,
            },
        }


class _Binary(TypeEngine):

    """Define base behavior for binary types."""

    def __init__(self, length=None):
        self.length = length

    def literal_processor(self, dialect):
        def process(value):
            value = value.decode(dialect.encoding).replace("'", "''")
            return "'%s'" % value
        return process

    @property
    def python_type(self):
        return util.binary_type

    # Python 3 - sqlite3 doesn't need the `Binary` conversion
    # here, though pg8000 does to indicate "bytea"
    def bind_processor(self, dialect):
        if dialect.dbapi is None:
            return None

        DBAPIBinary = dialect.dbapi.Binary

        def process(value):
            if value is not None:
                return DBAPIBinary(value)
            else:
                return None
        return process

    # Python 3 has native bytes() type
    # both sqlite3 and pg8000 seem to return it,
    # psycopg2 as of 2.5 returns 'memoryview'
    if util.py2k:
        def result_processor(self, dialect, coltype):
            if util.jython:
                def process(value):
                    if value is not None:
                        if isinstance(value, array.array):
                            return value.tostring()
                        return str(value)
                    else:
                        return None
            else:
                process = processors.to_str
            return process
    else:
        def result_processor(self, dialect, coltype):
            def process(value):
                if value is not None:
                    value = bytes(value)
                return value
            return process

    def coerce_compared_value(self, op, value):
        """See :meth:`.TypeEngine.coerce_compared_value` for a description."""

        if isinstance(value, util.string_types):
            return self
        else:
            return super(_Binary, self).coerce_compared_value(op, value)

    def get_dbapi_type(self, dbapi):
        return dbapi.BINARY


class LargeBinary(_Binary):

    """A type for large binary byte data.

    The :class:`.LargeBinary` type corresponds to a large and/or unlengthed
    binary type for the target platform, such as BLOB on MySQL and BYTEA for
    Postgresql.  It also handles the necessary conversions for the DBAPI.

    """

    __visit_name__ = 'large_binary'

    def __init__(self, length=None):
        """
        Construct a LargeBinary type.

        :param length: optional, a length for the column for use in
          DDL statements, for those binary types that accept a length,
          such as the MySQL BLOB type.

        """
        _Binary.__init__(self, length=length)


class Binary(LargeBinary):

    """Deprecated.  Renamed to LargeBinary."""

    def __init__(self, *arg, **kw):
        util.warn_deprecated('The Binary type has been renamed to '
                             'LargeBinary.')
        LargeBinary.__init__(self, *arg, **kw)


class SchemaType(SchemaEventTarget):

    """Mark a type as possibly requiring schema-level DDL for usage.

    Supports types that must be explicitly created/dropped (i.e. PG ENUM type)
    as well as types that are complimented by table or schema level
    constraints, triggers, and other rules.

    :class:`.SchemaType` classes can also be targets for the
    :meth:`.DDLEvents.before_parent_attach` and
    :meth:`.DDLEvents.after_parent_attach` events, where the events fire off
    surrounding the association of the type object with a parent
    :class:`.Column`.

    .. seealso::

        :class:`.Enum`

        :class:`.Boolean`


    """

    def __init__(self, name=None, schema=None, metadata=None,
                 inherit_schema=False, quote=None, _create_events=True):
        if name is not None:
            self.name = quoted_name(name, quote)
        else:
            self.name = None
        self.schema = schema
        self.metadata = metadata
        self.inherit_schema = inherit_schema
        self._create_events = _create_events

        if _create_events and self.metadata:
            event.listen(
                self.metadata,
                "before_create",
                util.portable_instancemethod(self._on_metadata_create)
            )
            event.listen(
                self.metadata,
                "after_drop",
                util.portable_instancemethod(self._on_metadata_drop)
            )

    def _set_parent(self, column):
        column._on_table_attach(util.portable_instancemethod(self._set_table))

    def _set_table(self, column, table):
        if self.inherit_schema:
            self.schema = table.schema

        if not self._create_events:
            return

        event.listen(
            table,
            "before_create",
            util.portable_instancemethod(
                self._on_table_create)
        )
        event.listen(
            table,
            "after_drop",
            util.portable_instancemethod(self._on_table_drop)
        )
        if self.metadata is None:
            # TODO: what's the difference between self.metadata
            # and table.metadata here ?
            event.listen(
                table.metadata,
                "before_create",
                util.portable_instancemethod(self._on_metadata_create)
            )
            event.listen(
                table.metadata,
                "after_drop",
                util.portable_instancemethod(self._on_metadata_drop)
            )

    def copy(self, **kw):
        return self.adapt(self.__class__, _create_events=True)

    def adapt(self, impltype, **kw):
        schema = kw.pop('schema', self.schema)
        metadata = kw.pop('metadata', self.metadata)
        _create_events = kw.pop('_create_events', False)

        return impltype(name=self.name,
                        schema=schema,
                        inherit_schema=self.inherit_schema,
                        metadata=metadata,
                        _create_events=_create_events,
                        **kw)

    @property
    def bind(self):
        return self.metadata and self.metadata.bind or None

    def create(self, bind=None, checkfirst=False):
        """Issue CREATE ddl for this type, if applicable."""

        if bind is None:
            bind = _bind_or_error(self)
        t = self.dialect_impl(bind.dialect)
        if t.__class__ is not self.__class__ and isinstance(t, SchemaType):
            t.create(bind=bind, checkfirst=checkfirst)

    def drop(self, bind=None, checkfirst=False):
        """Issue DROP ddl for this type, if applicable."""

        if bind is None:
            bind = _bind_or_error(self)
        t = self.dialect_impl(bind.dialect)
        if t.__class__ is not self.__class__ and isinstance(t, SchemaType):
            t.drop(bind=bind, checkfirst=checkfirst)

    def _on_table_create(self, target, bind, **kw):
        t = self.dialect_impl(bind.dialect)
        if t.__class__ is not self.__class__ and isinstance(t, SchemaType):
            t._on_table_create(target, bind, **kw)

    def _on_table_drop(self, target, bind, **kw):
        t = self.dialect_impl(bind.dialect)
        if t.__class__ is not self.__class__ and isinstance(t, SchemaType):
            t._on_table_drop(target, bind, **kw)

    def _on_metadata_create(self, target, bind, **kw):
        t = self.dialect_impl(bind.dialect)
        if t.__class__ is not self.__class__ and isinstance(t, SchemaType):
            t._on_metadata_create(target, bind, **kw)

    def _on_metadata_drop(self, target, bind, **kw):
        t = self.dialect_impl(bind.dialect)
        if t.__class__ is not self.__class__ and isinstance(t, SchemaType):
            t._on_metadata_drop(target, bind, **kw)


class Enum(String, SchemaType):

    """Generic Enum Type.

    The Enum type provides a set of possible string values which the
    column is constrained towards.

    By default, uses the backend's native ENUM type if available,
    else uses VARCHAR + a CHECK constraint.

    .. seealso::

        :class:`~.postgresql.ENUM` - PostgreSQL-specific type,
        which has additional functionality.

    """

    __visit_name__ = 'enum'

    def __init__(self, *enums, **kw):
        """Construct an enum.

        Keyword arguments which don't apply to a specific backend are ignored
        by that backend.

        :param \*enums: string or unicode enumeration labels. If unicode
           labels are present, the `convert_unicode` flag is auto-enabled.

        :param convert_unicode: Enable unicode-aware bind parameter and
           result-set processing for this Enum's data. This is set
           automatically based on the presence of unicode label strings.

        :param metadata: Associate this type directly with a ``MetaData``
           object. For types that exist on the target database as an
           independent schema construct (Postgresql), this type will be
           created and dropped within ``create_all()`` and ``drop_all()``
           operations. If the type is not associated with any ``MetaData``
           object, it will associate itself with each ``Table`` in which it is
           used, and will be created when any of those individual tables are
           created, after a check is performed for its existence. The type is
           only dropped when ``drop_all()`` is called for that ``Table``
           object's metadata, however.

        :param name: The name of this type. This is required for Postgresql
           and any future supported database which requires an explicitly
           named type, or an explicitly named constraint in order to generate
           the type and/or a table that uses it.

        :param native_enum: Use the database's native ENUM type when
           available. Defaults to True. When False, uses VARCHAR + check
           constraint for all backends.

        :param schema: Schema name of this type. For types that exist on the
           target database as an independent schema construct (Postgresql),
           this parameter specifies the named schema in which the type is
           present.

           .. note::

                The ``schema`` of the :class:`.Enum` type does not
                by default make use of the ``schema`` established on the
                owning :class:`.Table`.  If this behavior is desired,
                set the ``inherit_schema`` flag to ``True``.

        :param quote: Set explicit quoting preferences for the type's name.

        :param inherit_schema: When ``True``, the "schema" from the owning
           :class:`.Table` will be copied to the "schema" attribute of this
           :class:`.Enum`, replacing whatever value was passed for the
           ``schema`` attribute.   This also takes effect when using the
           :meth:`.Table.tometadata` operation.

           .. versionadded:: 0.8

        """
        self.enums = enums
        self.native_enum = kw.pop('native_enum', True)
        convert_unicode = kw.pop('convert_unicode', None)
        if convert_unicode is None:
            for e in enums:
                if isinstance(e, util.text_type):
                    convert_unicode = True
                    break
            else:
                convert_unicode = False

        if self.enums:
            length = max(len(x) for x in self.enums)
        else:
            length = 0
        String.__init__(self,
                        length=length,
                        convert_unicode=convert_unicode,
                        )
        SchemaType.__init__(self, **kw)

    def __repr__(self):
        return util.generic_repr(self,
                                 additional_kw=[('native_enum', True)],
                                 to_inspect=[Enum, SchemaType],
                                 )

    def _should_create_constraint(self, compiler):
        return not self.native_enum or \
            not compiler.dialect.supports_native_enum

    @util.dependencies("sqlalchemy.sql.schema")
    def _set_table(self, schema, column, table):
        if self.native_enum:
            SchemaType._set_table(self, column, table)

        e = schema.CheckConstraint(
            type_coerce(column, self).in_(self.enums),
            name=_defer_name(self.name),
            _create_rule=util.portable_instancemethod(
                self._should_create_constraint),
            _type_bound=True
        )
        assert e.table is table

    def adapt(self, impltype, **kw):
        schema = kw.pop('schema', self.schema)
        metadata = kw.pop('metadata', self.metadata)
        _create_events = kw.pop('_create_events', False)
        if issubclass(impltype, Enum):
            return impltype(name=self.name,
                            schema=schema,
                            metadata=metadata,
                            convert_unicode=self.convert_unicode,
                            native_enum=self.native_enum,
                            inherit_schema=self.inherit_schema,
                            _create_events=_create_events,
                            *self.enums,
                            **kw)
        else:
            # TODO: why would we be here?
            return super(Enum, self).adapt(impltype, **kw)


class PickleType(TypeDecorator):

    """Holds Python objects, which are serialized using pickle.

    PickleType builds upon the Binary type to apply Python's
    ``pickle.dumps()`` to incoming objects, and ``pickle.loads()`` on
    the way out, allowing any pickleable Python object to be stored as
    a serialized binary field.

    To allow ORM change events to propagate for elements associated
    with :class:`.PickleType`, see :ref:`mutable_toplevel`.

    """

    impl = LargeBinary

    def __init__(self, protocol=pickle.HIGHEST_PROTOCOL,
                 pickler=None, comparator=None):
        """
        Construct a PickleType.

        :param protocol: defaults to ``pickle.HIGHEST_PROTOCOL``.

        :param pickler: defaults to cPickle.pickle or pickle.pickle if
          cPickle is not available.  May be any object with
          pickle-compatible ``dumps` and ``loads`` methods.

        :param comparator: a 2-arg callable predicate used
          to compare values of this type.  If left as ``None``,
          the Python "equals" operator is used to compare values.

        """
        self.protocol = protocol
        self.pickler = pickler or pickle
        self.comparator = comparator
        super(PickleType, self).__init__()

    def __reduce__(self):
        return PickleType, (self.protocol,
                            None,
                            self.comparator)

    def bind_processor(self, dialect):
        impl_processor = self.impl.bind_processor(dialect)
        dumps = self.pickler.dumps
        protocol = self.protocol
        if impl_processor:
            def process(value):
                if value is not None:
                    value = dumps(value, protocol)
                return impl_processor(value)
        else:
            def process(value):
                if value is not None:
                    value = dumps(value, protocol)
                return value
        return process

    def result_processor(self, dialect, coltype):
        impl_processor = self.impl.result_processor(dialect, coltype)
        loads = self.pickler.loads
        if impl_processor:
            def process(value):
                value = impl_processor(value)
                if value is None:
                    return None
                return loads(value)
        else:
            def process(value):
                if value is None:
                    return None
                return loads(value)
        return process

    def compare_values(self, x, y):
        if self.comparator:
            return self.comparator(x, y)
        else:
            return x == y


class Boolean(TypeEngine, SchemaType):

    """A bool datatype.

    Boolean typically uses BOOLEAN or SMALLINT on the DDL side, and on
    the Python side deals in ``True`` or ``False``.

    """

    __visit_name__ = 'boolean'

    def __init__(
            self, create_constraint=True, name=None, _create_events=True):
        """Construct a Boolean.

        :param create_constraint: defaults to True.  If the boolean
          is generated as an int/smallint, also create a CHECK constraint
          on the table that ensures 1 or 0 as a value.

        :param name: if a CHECK constraint is generated, specify
          the name of the constraint.

        """
        self.create_constraint = create_constraint
        self.name = name
        self._create_events = _create_events

    def _should_create_constraint(self, compiler):
        return not compiler.dialect.supports_native_boolean

    @util.dependencies("sqlalchemy.sql.schema")
    def _set_table(self, schema, column, table):
        if not self.create_constraint:
            return

        e = schema.CheckConstraint(
            type_coerce(column, self).in_([0, 1]),
            name=_defer_name(self.name),
            _create_rule=util.portable_instancemethod(
                self._should_create_constraint),
            _type_bound=True
        )
        assert e.table is table

    @property
    def python_type(self):
        return bool

    def literal_processor(self, dialect):
        if dialect.supports_native_boolean:
            def process(value):
                return "true" if value else "false"
        else:
            def process(value):
                return str(1 if value else 0)
        return process

    def bind_processor(self, dialect):
        if dialect.supports_native_boolean:
            return None
        else:
            return processors.boolean_to_int

    def result_processor(self, dialect, coltype):
        if dialect.supports_native_boolean:
            return None
        else:
            return processors.int_to_boolean


class Interval(_DateAffinity, TypeDecorator):

    """A type for ``datetime.timedelta()`` objects.

    The Interval type deals with ``datetime.timedelta`` objects.  In
    PostgreSQL, the native ``INTERVAL`` type is used; for others, the
    value is stored as a date which is relative to the "epoch"
    (Jan. 1, 1970).

    Note that the ``Interval`` type does not currently provide date arithmetic
    operations on platforms which do not support interval types natively. Such
    operations usually require transformation of both sides of the expression
    (such as, conversion of both sides into integer epoch values first) which
    currently is a manual procedure (such as via
    :attr:`~sqlalchemy.sql.expression.func`).

    """

    impl = DateTime
    epoch = dt.datetime.utcfromtimestamp(0)

    def __init__(self, native=True,
                 second_precision=None,
                 day_precision=None):
        """Construct an Interval object.

        :param native: when True, use the actual
          INTERVAL type provided by the database, if
          supported (currently Postgresql, Oracle).
          Otherwise, represent the interval data as
          an epoch value regardless.

        :param second_precision: For native interval types
          which support a "fractional seconds precision" parameter,
          i.e. Oracle and Postgresql

        :param day_precision: for native interval types which
          support a "day precision" parameter, i.e. Oracle.

        """
        super(Interval, self).__init__()
        self.native = native
        self.second_precision = second_precision
        self.day_precision = day_precision

    def adapt(self, cls, **kw):
        if self.native and hasattr(cls, '_adapt_from_generic_interval'):
            return cls._adapt_from_generic_interval(self, **kw)
        else:
            return self.__class__(
                native=self.native,
                second_precision=self.second_precision,
                day_precision=self.day_precision,
                **kw)

    @property
    def python_type(self):
        return dt.timedelta

    def bind_processor(self, dialect):
        impl_processor = self.impl.bind_processor(dialect)
        epoch = self.epoch
        if impl_processor:
            def process(value):
                if value is not None:
                    value = epoch + value
                return impl_processor(value)
        else:
            def process(value):
                if value is not None:
                    value = epoch + value
                return value
        return process

    def result_processor(self, dialect, coltype):
        impl_processor = self.impl.result_processor(dialect, coltype)
        epoch = self.epoch
        if impl_processor:
            def process(value):
                value = impl_processor(value)
                if value is None:
                    return None
                return value - epoch
        else:
            def process(value):
                if value is None:
                    return None
                return value - epoch
        return process

    @util.memoized_property
    def _expression_adaptations(self):
        return {
            operators.add: {
                Date: DateTime,
                Interval: self.__class__,
                DateTime: DateTime,
                Time: Time,
            },
            operators.sub: {
                Interval: self.__class__
            },
            operators.mul: {
                Numeric: self.__class__
            },
            operators.truediv: {
                Numeric: self.__class__
            },
            operators.div: {
                Numeric: self.__class__
            }
        }

    @property
    def _type_affinity(self):
        return Interval

    def coerce_compared_value(self, op, value):
        """See :meth:`.TypeEngine.coerce_compared_value` for a description."""

        return self.impl.coerce_compared_value(op, value)


class REAL(Float):

    """The SQL REAL type."""

    __visit_name__ = 'REAL'


class FLOAT(Float):

    """The SQL FLOAT type."""

    __visit_name__ = 'FLOAT'


class NUMERIC(Numeric):

    """The SQL NUMERIC type."""

    __visit_name__ = 'NUMERIC'


class DECIMAL(Numeric):

    """The SQL DECIMAL type."""

    __visit_name__ = 'DECIMAL'


class INTEGER(Integer):

    """The SQL INT or INTEGER type."""

    __visit_name__ = 'INTEGER'
INT = INTEGER


class SMALLINT(SmallInteger):

    """The SQL SMALLINT type."""

    __visit_name__ = 'SMALLINT'


class BIGINT(BigInteger):

    """The SQL BIGINT type."""

    __visit_name__ = 'BIGINT'


class TIMESTAMP(DateTime):

    """The SQL TIMESTAMP type."""

    __visit_name__ = 'TIMESTAMP'

    def get_dbapi_type(self, dbapi):
        return dbapi.TIMESTAMP


class DATETIME(DateTime):

    """The SQL DATETIME type."""

    __visit_name__ = 'DATETIME'


class DATE(Date):

    """The SQL DATE type."""

    __visit_name__ = 'DATE'


class TIME(Time):

    """The SQL TIME type."""

    __visit_name__ = 'TIME'


class TEXT(Text):

    """The SQL TEXT type."""

    __visit_name__ = 'TEXT'


class CLOB(Text):

    """The CLOB type.

    This type is found in Oracle and Informix.
    """

    __visit_name__ = 'CLOB'


class VARCHAR(String):

    """The SQL VARCHAR type."""

    __visit_name__ = 'VARCHAR'


class NVARCHAR(Unicode):

    """The SQL NVARCHAR type."""

    __visit_name__ = 'NVARCHAR'


class CHAR(String):

    """The SQL CHAR type."""

    __visit_name__ = 'CHAR'


class NCHAR(Unicode):

    """The SQL NCHAR type."""

    __visit_name__ = 'NCHAR'


class BLOB(LargeBinary):

    """The SQL BLOB type."""

    __visit_name__ = 'BLOB'


class BINARY(_Binary):

    """The SQL BINARY type."""

    __visit_name__ = 'BINARY'


class VARBINARY(_Binary):

    """The SQL VARBINARY type."""

    __visit_name__ = 'VARBINARY'


class BOOLEAN(Boolean):

    """The SQL BOOLEAN type."""

    __visit_name__ = 'BOOLEAN'


class NullType(TypeEngine):

    """An unknown type.

    :class:`.NullType` is used as a default type for those cases where
    a type cannot be determined, including:

    * During table reflection, when the type of a column is not recognized
      by the :class:`.Dialect`
    * When constructing SQL expressions using plain Python objects of
      unknown types (e.g. ``somecolumn == my_special_object``)
    * When a new :class:`.Column` is created, and the given type is passed
      as ``None`` or is not passed at all.

    The :class:`.NullType` can be used within SQL expression invocation
    without issue, it just has no behavior either at the expression
    construction level or at the bind-parameter/result processing level.
    :class:`.NullType` will result in a :exc:`.CompileError` if the compiler
    is asked to render the type itself, such as if it is used in a
    :func:`.cast` operation or within a schema creation operation such as that
    invoked by :meth:`.MetaData.create_all` or the :class:`.CreateTable`
    construct.

    """
    __visit_name__ = 'null'

    _isnull = True

    def literal_processor(self, dialect):
        def process(value):
            return "NULL"
        return process

    class Comparator(TypeEngine.Comparator):

        def _adapt_expression(self, op, other_comparator):
            if isinstance(other_comparator, NullType.Comparator) or \
                    not operators.is_commutative(op):
                return op, self.expr.type
            else:
                return other_comparator._adapt_expression(op, self)
    comparator_factory = Comparator


class MatchType(Boolean):
    """Refers to the return type of the MATCH operator.

    As the :meth:`.ColumnOperators.match` is probably the most open-ended
    operator in generic SQLAlchemy Core, we can't assume the return type
    at SQL evaluation time, as MySQL returns a floating point, not a boolean,
    and other backends might do something different.    So this type
    acts as a placeholder, currently subclassing :class:`.Boolean`.
    The type allows dialects to inject result-processing functionality
    if needed, and on MySQL will return floating-point values.

    .. versionadded:: 1.0.0

    """

NULLTYPE = NullType()
BOOLEANTYPE = Boolean()
STRINGTYPE = String()
INTEGERTYPE = Integer()
MATCHTYPE = MatchType()

_type_map = {
    int: Integer(),
    float: Numeric(),
    bool: BOOLEANTYPE,
    decimal.Decimal: Numeric(),
    dt.date: Date(),
    dt.datetime: DateTime(),
    dt.time: Time(),
    dt.timedelta: Interval(),
    util.NoneType: NULLTYPE
}

if util.py3k:
    _type_map[bytes] = LargeBinary()
    _type_map[str] = Unicode()
else:
    _type_map[unicode] = Unicode()
    _type_map[str] = String()


# back-assign to type_api
from . import type_api
type_api.BOOLEANTYPE = BOOLEANTYPE
type_api.STRINGTYPE = STRINGTYPE
type_api.INTEGERTYPE = INTEGERTYPE
type_api.NULLTYPE = NULLTYPE
type_api.MATCHTYPE = MATCHTYPE
type_api._type_map = _type_map

TypeEngine.Comparator.BOOLEANTYPE = BOOLEANTYPE
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  Source code for brainscopypaste.conf

"""Manage settings from the :mod:`.settings` module, allowing overriding of
some values.

Use the :data:`settings` class instance from this module to access settings
from any other module: ``from brainscopypaste.conf import settings``. Note that
only uppercase variables from the :mod:`.settings` module are taken into
account, the rest is ignored.

"""


import logging
import importlib
from contextlib import contextmanager
import os
from tempfile import mkstemp

from brainscopypaste.utils import mkdirp


logger = logging.getLogger(__name__)


[docs]class Settings:

    """Hold all settings for the analysis, managing and proxying access to the
    :mod:`.settings` module.

    Only uppercase variables from the :mod:`.settings` module are taken into
    account, the rest is ignored. This class also lets you override values with
    a context manager to make testing easier. See the :meth:`override` and
    :meth:`file_override` methods for more details.

    Use the :data:`settings` instance of this class to access a singleton
    version of the settings for the whole analysis. Overridden values then
    appear overridden to all other modules (i.e. for all accesses) until the
    context manager is closed.

    """

    def __init__(self):
        """Import the :mod:`.settings` module and check for folders to
        create."""

        self.mod = importlib.import_module('brainscopypaste.settings')
        self._setup()
        for path in self.mod.paths_to_create:
            logger.debug("Checking for path '%s' to create", path)
            mkdirp(path)

[docs]    def _setup(self):
        """Set uppercase variables from the :mod:`.settings` module as
        attributes on this instance."""

        for setting in dir(self.mod):
            if setting.isupper():
                setattr(self, setting, getattr(self.mod, setting))


    @contextmanager
[docs]    def override(self, *names_values):
        """Context manager that overrides setting values for the duration of
        the context.

        Use this method to override one or several setting values for a block
        of code, then have those settings go back to their default value. Very
        useful when writing tests.

        Parameters
        ----------
        names_values : list of tuples
            List of `(name, value)` tuples defining which settings to override
            with what value. Setting names must already exist (you can't use
            this to create a new entry).

        Raises
        ------
        ValueError
            If any of the `name` values in `names_values` is not an uppercase
            string or is not a known setting name.

        See Also
        --------
        file_override

        Examples
        --------
        Override MemeTracker filter settings for the duration of a test:

        >>> from brainscopypaste.conf import settings
        >>> with settings.override(('MT_FILTER_MIN_TOKENS', 2),
        ...                        ('MT_FILTER_MAX_DAYS, 50)):
        ...     # Here: some test code using the overridden settings.
        >>> # `settings` is back to default here.

        """

        for name, value in names_values:
            self._override(name, value)
        try:
            yield
        finally:
            self._setup()


    @contextmanager
[docs]    def file_override(self, *names):
        """Context manager that overrides a file setting by pointing it to an
        empty temporary file for the duration of the context.

        Some values in the :mod:`.settings` module are file paths, and you
        might want to easily override the `contents` of that file for a block
        of code. This method lets you do just that: it will create a temporary
        file for a setting you wish to override, point that setting to the new
        empty file, and clean up once the context closes. This is a shortcut
        for :meth:`override` when working on files whose contents you want to
        override.

        Parameters
        ----------
        names : list of str
            List of setting names you want to override with temporary files.

        Raises
        ------
        ValueError
            If any member of `names` is not an uppercase string or is not a
            known setting name.

        See Also
        --------
        override

        Examples
        --------
        Override the Age-of-Acquisition source file to e.g. test code that
        imports it as a word feature:

        >>> from brainscopypaste.conf import settings
        >>> with settings.file_override('AOA'):
        ...    with open(settings.AOA, 'w') as aoa:
        ...        # Write test content to the temporary AOA file.
        ...    # Test your code on the temporary AOA content.
        >>> # `settings.AOA` is back to default here.

        """

        filepaths = [mkstemp()[1] for name in names]
        try:
            with self.override(*zip(names, filepaths)):
                yield
        finally:
            for filepath in filepaths:
                os.remove(filepath)


[docs]    def _override(self, name, value):
        """Override `name` with `value`, after some checks.

        The method checks that `name` is an uppercase string, and that it
        exists in the known settings. Use this when writing a context manager
        that wraps the operation in try/finally blocks, then restores the
        default behaviour.

        Parameters
        ----------
        name : str
            Uppercase string denoting a known setting to be overridden.
        value : object
            Value to replace the setting with.

        Raises
        ------
        ValueError
            If `name` is not an uppercase string or is not a known setting
            name.

        """

        if not name.isupper():
            raise ValueError('Setting names must be uppercase')
        if name not in dir(self.mod):
            raise ValueError('Unknown setting name')
        setattr(self, name, value)




#: Instance of the :class:`Settings` class that should be used to access
#: settings. See that class's documentation for more information.
settings = Settings()
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  Source code for brainscopypaste.features

"""Features for words in substitutions.

This module defines the :class:`SubstitutionFeaturesMixin` which is used to
augment :class:`~.db.Substitution`\ s with convenience methods that give access
to feature values and related computed values (e.g. sentence-relative feature
values and values for composite features).

A few other utility functions that load data for the features are also defined.

"""


import logging
from csv import DictReader, reader as csvreader
import warnings
import functools

import numpy as np
from nltk.corpus import cmudict, wordnet

from brainscopypaste.utils import is_int, memoized, unpickle
from brainscopypaste.conf import settings


logger = logging.getLogger(__name__)


@memoized
[docs]def _get_pronunciations():
    """Get the CMU pronunciation data as a dict.

    The method is :func:`~.utils.memoized` since it is called so often.

    Returns
    -------
    dict
        Association of words to their list of possible pronunciations.

    """

    logger.debug('Loading CMU data')
    return cmudict.dict()



@memoized
[docs]def _get_aoa():
    """Get the Age-of-Acquisition data as a dict.

    The method is :func:`~.utils.memoized` since it is called so often.

    Returns
    -------
    dict
        Association of words to their average age of acquisition. `NA` values
        in the originating data set are ignored.

    """

    logger.debug('Loading Age-of-Acquisition data')

    aoa = {}
    with open(settings.AOA) as csvfile:
        reader = DictReader(csvfile)
        for row in reader:
            word = row['Word'].lower()
            mean = row['Rating.Mean']
            if mean == 'NA':
                continue
            if word in aoa:
                raise Exception("'{}' is already in the AoA dictionary"
                                .format(word))
            aoa[word] = float(mean)
    return aoa



@memoized
[docs]def _get_clearpond():
    """Get CLEARPOND neighbourhood density data as a dict.

    The method is :func:`~.utils.memoized` since it is called so often.

    Returns
    -------
    dict
        `Dict` with two keys: `orthographic` and `phonological`. `orthographic`
        contains a dict associating words to their orthographic neighbourhood
        density (CLEARPOND's `OTAN` column). `phonological` contains a dict
        associating words to their phonological neighbourhood density
        (CLEARPOND's `PTAN` column).

    """

    logger.debug('Loading Clearpond data')

    clearpond_orthographic = {}
    clearpond_phonological = {}
    with open(settings.CLEARPOND, encoding='iso-8859-2') as csvfile:
        reader = csvreader(csvfile, delimiter='\t')
        for row in reader:
            word = row[0].lower()
            if word in clearpond_phonological:
                raise Exception("'{}' is already in the Clearpond "
                                'phonological dictionary'.format(word))
            if word in clearpond_orthographic:
                raise Exception("'{}' is already in the Clearpond "
                                'orthographic dictionary'.format(word))
            clearpond_orthographic[word] = int(row[5])
            clearpond_phonological[word] = int(row[29])
    return {'orthographic': clearpond_orthographic,
            'phonological': clearpond_phonological}



[docs]class SubstitutionFeaturesMixin:

    """Mixin for :class:`~.db.Substitution`\ s adding feature-related
    functionality.

    Methods in this class fall into 3 categories:

    * Raw feature methods: they are :func:`~.utils.memoized` class methods of
      the form `cls._feature_name(cls, word=None)`. Calling them with a `word`
      returns either the feature value of that word, or `np.nan` if the word is
      not encoded. Calling them with `word=None` returns the set of words
      encoded by that feature (which is used to compute e.g. averages over the
      pool of words encoded by that feature). Their docstring (which you will
      see below if you're reading this in a web browser) is the short name used
      to identify e.g. the feature's column in analyses in notebooks. These
      methods are used internally by the class, to provide the next category of
      methods.
    * Useful feature methods that can be used in analyses: :meth:`features`,
      :meth:`feature_average`, :meth:`source_destination_features`,
      :meth:`components`, and :meth:`component_average`. These methods use the
      raw feature methods (previous category) and the utility methods (next
      category) to compute feature or composite values (eventually relative to
      sentence) on the source or destination words or sentences.
    * Private utility methods: :meth:`_component`,
      :meth:`_source_destination_components`, :meth:`_average`,
      :meth:`_static_average`, :meth:`_strict_synonyms`,
      :meth:`_substitution_features`, and :meth:`_transformed_feature`. These
      methods are used by the previous category of methods.

    Read the source of the first category (raw features) to know how exactly an
    individual feature is computed. Read the docstrings (and source) of the
    second category (useful methods for analyses) to learn how to use this
    class in analyses. Read the docstrings (and source) of the third category
    (private utility methods) to learn how the whole class assembles its
    different parts together.

    """

    #: Association of available features to `(source_type, transform)` tuples:
    #: `source_type` defines if a feature is computed on tokens or lemmas, and
    #: `transform` defines how a feature value is transformed (for now either
    #: identity or log) because of the shape of its distribution (see the
    #: `notebook/feature_distributions.ipynb` notebook for more details).
    __features__ = {
        # feature_name:           (source_type, transform)
        'syllables_count':        ('tokens', lambda x: x),
        'phonemes_count':         ('tokens', lambda x: x),
        'letters_count':          ('tokens', lambda x: x),
        'synonyms_count':         ('lemmas', np.log),
        'aoa':                    ('lemmas', lambda x: x),
        'degree':                 ('lemmas', np.log),
        'pagerank':               ('lemmas', np.log),
        'betweenness':            ('lemmas', np.log),
        'clustering':             ('lemmas', np.log),
        'frequency':              ('lemmas', np.log),
        'phonological_density':   ('tokens', np.log),
        'orthographic_density':   ('tokens', np.log),
    }

    @memoized
[docs]    def _substitution_features(self, name):
        """Compute feature `name` for source and destination words of this
        substitution.

        Feature values are transformed as explained in
        :meth:`_transformed_feature`.

        The method is :func:`~.utils.memoized` since it is called so often.

        Parameters
        ----------
        name : str
            Name of the feature for which to compute source and destination
            values.

        Returns
        -------
        tuple of float
            Feature values of the source and destination words of this
            substitution.

        """

        if name not in self.__features__:
            raise ValueError("Unknown feature: '{}'".format(name))

        # Get the substitution's tokens or lemmas,
        # depending on the requested feature.
        source_type, _ = self.__features__[name]
        word1, word2 = getattr(self, source_type)

        # Compute the features.
        feature = self._transformed_feature(name)
        return feature(word1), feature(word2)


    @memoized
[docs]    def source_destination_features(self, name, sentence_relative=None):
        """Compute the feature values for all words in source and destination
        sentences of this substitution, possibly sentence-relative.

        Feature values are transformed as explained in
        :meth:`_transformed_feature`.

        If `sentence_relative` is not `None`, it indicates a NumPy function
        used to aggregate word features in the source and destination sentences
        of this substitution; this method then returns the source/destination
        feature values minus the corresponding aggregate value. For instance,
        if `sentence_relative='median'`, this method returns the source
        sentence feature values minus the median of that same sentence, and the
        destination sentence feature values minus the median of that same
        sentence (words valued at `np.nan` are ignored).

        The method is :func:`~.utils.memoized` since it is called so often.

        Parameters
        ----------
        name : str
            Name of the feature for which to compute source and destination
            values.
        sentence_relative : str, optional
            If not `None` (which is the default), return features relative to
            values of their corresponding sentence aggregated by this function;
            must be a name for which `np.nan<sentence_relative>` exists.

        Returns
        -------
        source_features : array of float
            Array of feature values (possibly sentence-relative) for each word
            in the source sentence of this substitution. Non-coded words appear
            as `np.nan`.
        destination_features : array of float
            Array of feature values (possibly sentence-relative) for each word
            in the destination sentence of this substitution. Non-coded words
            appear as `np.nan`.

        """

        if name not in self.__features__:
            raise ValueError("Unknown feature: '{}'".format(name))

        # Get the source and destination tokens or lemmas,
        # depending on the requested feature.
        source_type, _ = self.__features__[name]
        destination_words = getattr(self.destination, source_type)
        source_words = getattr(self.source, source_type)[
            self.start:self.start + len(destination_words)]

        # Compute the features.
        feature = self._transformed_feature(name)
        source_features = np.array([feature(word) for word
                                    in source_words],
                                   dtype=np.float_)
        destination_features = np.array([feature(word) for word
                                         in destination_words],
                                        dtype=np.float_)

        if sentence_relative is not None:
            pool = getattr(np, 'nan' + sentence_relative)
            with warnings.catch_warnings():
                warnings.simplefilter('ignore', category=RuntimeWarning)
                source_features -= pool(source_features)
                destination_features -= pool(destination_features)

        return source_features, destination_features


    @memoized
[docs]    def features(self, name, sentence_relative=None):
        """Compute feature `name` for source and destination words of this
        substitution, possibly sentence-relative.

        Feature values are transformed as explained in
        :meth:`_transformed_feature`.

        If `sentence_relative` is not `None`, it indicates a NumPy function
        used to aggregate word features in the source and destination sentences
        of this substitution; this method then returns the source/destination
        word feature values minus the corresponding aggregate value. For
        instance, if `sentence_relative='median'`, this method returns the
        source word feature minus the median of the source sentence, and the
        destination word feature minus the median of the destination sentence
        (words valued at `np.nan` are ignored).

        The method is :func:`~.utils.memoized` since it is called so often.

        Parameters
        ----------
        name : str
            Name of the feature for which to compute source and destination
            values.
        sentence_relative : str, optional
            If not `None` (which is the default), return features relative to
            values of their corresponding sentence aggregated by this function;
            must be a name for which `np.nan<sentence_relative>` exists.

        Returns
        -------
        tuple of float
            Feature values (possibly sentence-relative) of the source and
            destination words of this substitution.

        """

        feature1, feature2 = self._substitution_features(name)

        if sentence_relative is not None:
            pool = getattr(np, 'nan' + sentence_relative)
            source_features, destination_features = \
                self.source_destination_features(name)
            with warnings.catch_warnings():
                warnings.simplefilter('ignore', category=RuntimeWarning)
                feature1 -= pool(source_features)
                feature2 -= pool(destination_features)

        return feature1, feature2


    @memoized
[docs]    def _source_destination_components(self, n, pca, feature_names):
        """Compute the `n`-th component of pca for all words in source and
        destination sentences of this substitution.

        The method is :func:`~.utils.memoized` since it is called so often.

        Parameters
        ----------
        n : int
            Index of the component in `pca` that is to be computed.
        pca : :class:`sklearn.decomposition.PCA`
            :class:`~sklearn.decomposition.PCA` instance that was computed
            using the features listed in `feature_names`.
        feature_names : tuple of str
            Tuple of feature names used in the computation of `pca`.

        Returns
        -------
        source_components : array of float
            Array of component values for each word in the source sentence of
            this substitution. Non-coded words appear as `np.nan`.
        destination_components : array of float
            Array of component values for each word in the destination sentence
            of this substitution. Non-coded words appear as `np.nan`.

        """

        # Check the PCA was computed for as many features as we're given.
        n_features = len(feature_names)
        assert n_features == len(pca.mean_)

        # First compute the matrices of word, feature for source and
        # destination.
        n_words = len(self.destination.tokens)
        source_features = np.zeros((n_words, n_features), dtype=np.float_)
        destination_features = np.zeros((n_words, n_features), dtype=np.float_)
        for j, name in enumerate(feature_names):
            source_features[:, j], destination_features[:, j] = \
                self.source_destination_features(name)
        # Then transform those into components, guarding for NaNs.
        source_components = np.zeros(n_words, dtype=np.float_)
        destination_components = np.zeros(n_words, dtype=np.float_)
        for i in range(n_words):
            source_components[i] = \
                pca.transform(source_features[i, :].reshape(1, -1))[0, n]\
                if np.isfinite(source_features[i, :]).all() else np.nan
            destination_components[i] = \
                pca.transform(destination_features[i, :]
                              .reshape(1, -1))[0, n]\
                if np.isfinite(destination_features[i, :]).all() else np.nan

        return source_components, destination_components


    @memoized
[docs]    def components(self, n, pca, feature_names, sentence_relative=None):
        """Compute the `n`-th components of `pca` for source and destination
        words of this substitution, possibly sentence-relative.

        If `sentence_relative` is not `None`, it indicates a NumPy function
        used to aggregate word components in the source and destination
        sentences of this substitution; this method then returns the
        source/destination word component values minus the corresponding
        aggregate value. For instance, if `sentence_relative='median'`, this
        method returns the source word component minus the median of the source
        sentence, and the destination word component minus the median of the
        destination sentence (words valued at `np.nan` are ignored).

        The method is :func:`~.utils.memoized` since it is called so often.

        Parameters
        ----------
        n : int
            Index of the component in `pca` that is to be computed.
        pca : :class:`sklearn.decomposition.PCA`
            :class:`~sklearn.decomposition.PCA` instance that was computed
            using the features listed in `feature_names`.
        feature_names : tuple of str
            Tuple of feature names used in the computation of `pca`.
        sentence_relative : str, optional
            If not `None` (which is the default), return components relative to
            values of their corresponding sentence aggregated by this function;
            must be a name for which `np.nan<sentence_relative>` exists.

        Returns
        -------
        tuple of float
            Components (possibly sentence-relative) of the source and
            destination words of this substitution.

        """

        # Check the PCA was computed for as many features as we're given.
        n_features = len(feature_names)
        assert n_features == len(pca.mean_)

        # Compute the features, and transform into components.
        features = np.zeros((2, n_features), dtype=np.float_)
        for j, name in enumerate(feature_names):
            features[:, j] = self._substitution_features(name)
        components = np.zeros(2, dtype=np.float_)
        for i in range(2):
            components[i] = pca.transform(features[i, :].reshape(1, -1))[0, n]\
                if np.isfinite(features[i, :]).all() else np.nan

        if sentence_relative is not None:
            pool = getattr(np, 'nan' + sentence_relative)
            # Substract the sentence average from substitution components.
            source_components, destination_components = \
                self._source_destination_components(n, pca, feature_names)
            with warnings.catch_warnings():
                warnings.simplefilter('ignore', category=RuntimeWarning)
                components[0] -= pool(source_components)
                components[1] -= pool(destination_components)

        return components


    @staticmethod
    @memoized
[docs]    def _static_average(func):
        """Static version of :meth:`_average`, without the `source_synonyms`
        argument.

        The method is :func:`~.utils.memoized` since it is called so often.

        """

        with warnings.catch_warnings():
            warnings.simplefilter('ignore', category=RuntimeWarning)
            return np.nanmean([func(word) for word in func()])


    @memoized
[docs]    def _average(self, func, source_synonyms):
        """Compute the average value of `func` over the words it codes, or over
        the synonyms of this substitution's source word.

        If `source_synonyms` is `True`, the method computes the average feature
        of the synonyms of the source word of this substitution. Otherwise, it
        computes the average over all words coded by `func`.

        The method is :func:`~.utils.memoized` since it is called so often.

        Parameters
        ----------
        func : function
            The function to average. Calling `func()` must return the pool of
            words that the function codes. Calling `func(word)` must return the
            value for `word`.
        source_synonyms : bool
            If `True`, compute the average `func` of the synonyms of the source
            word in this substitution. If `False`, compute the average over all
            coded words.

        Returns
        -------
        float
            Average `func` value.

        """

        if source_synonyms:
            # We always use the lemmas (vs. tokens) here, for two reasons:
            # - WordNet lemmatizes when looking for synsets (although it
            #   lemmatizes with wordnet.morphy(), not with treetagger, so there
            #   may be some differences when the feature is computed on lemmas)
            # - It's the only way to compute averages of components. Otherwise
            #   we're facing a different set of synonyms (those from the lemma
            #   and those from the token) for each feature used in the
            #   component, and it's impossible to bring them together.
            source_lemma, _ = self.lemmas
            # Assumes func() yields the set of words from which to compute
            # the average.
            words = self._strict_synonyms(source_lemma)

            with warnings.catch_warnings():
                warnings.simplefilter('ignore', category=RuntimeWarning)
                return np.nanmean([func(word) for word in words])
        else:
            return self._static_average(func)


    @memoized
[docs]    def feature_average(self, name, source_synonyms=False,
                        sentence_relative=None):
        """Compute the average of feature `name` over all coded words or over
        synonyms of this substitution's source word, possibly
        sentence-relative.

        If `source_synonyms` is `True`, the method computes the average feature
        of the synonyms of the source word of this substitution. Otherwise, it
        computes the average over all words coded by the feature.

        If `sentence_relative` is not `None`, it indicates a NumPy function
        used to aggregate word features in the source sentence of this
        substitution; this method then returns the feature average minus that
        aggregate value. For instance, if `sentence_relative='median'`, this
        method returns the average feature minus the median feature value in
        the source sentence (words valued at `np.nan` are ignored).

        The method is :func:`~.utils.memoized` since it is called so often.

        Parameters
        ----------
        name : str
            Name of the feature for which to compute an average.
        source_synonyms : bool, optional
            If `True`, compute the average feature of the synonyms of the
            source word in this substitution. If `False` (default), compute the
            average over all coded words.
        sentence_relative : str, optional
            If not `None` (which is the default), return average feature
            relative to feature values of the source sentence of this
            substitution aggregated by this function; must be a name for which
            `np.nan<sentence_relative>` exists.

        Returns
        -------
        float
            Average feature, of all coded words or of synonyms of the
            substitution's source word (depending on `source_synonyms`),
            relative to an aggregated source sentence value if
            `sentence_relative` specifies it.

        """

        tfeature = self._transformed_feature(name)
        avg = self._average(tfeature, source_synonyms)

        if sentence_relative is not None:
            pool = getattr(np, 'nan' + sentence_relative)
            sentence_features, _ = self.source_destination_features(name)
            sentence_features[self.position] = avg
            with warnings.catch_warnings():
                warnings.simplefilter('ignore', category=RuntimeWarning)
                avg -= pool(sentence_features)

        return avg


    @memoized
[docs]    def component_average(self, n, pca, feature_names,
                          source_synonyms=False, sentence_relative=None):
        """Compute the average, over all coded words or synonyms of this
        substitution's source word, of the `n`-th component of `pca` using
        `feature_names`, possibly sentence-relative.

        If `source_synonyms` is `True`, the method computes the average
        component of the synonyms of the source word of this substitution.
        Otherwise, it computes the average over all words coded by the
        component.

        If `sentence_relative` is not `None`, it indicates a NumPy function
        used to aggregate word components in the source sentence of this
        substitution; this method then returns the component average minus that
        aggregate value. For instance, if `sentence_relative='median'`, this
        method returns the average component minus the median component value
        in the source sentence (words valued at `np.nan` are ignored).

        The method is :func:`~.utils.memoized` since it is called so often.

        Parameters
        ----------
        n : int
            Index of the component in `pca` that is to be computed.
        pca : :class:`sklearn.decomposition.PCA`
            :class:`~sklearn.decomposition.PCA` instance that was computed
            using the features listed in `feature_names`.
        feature_names : tuple of str
            Tuple of feature names used in the computation of `pca`.
        source_synonyms : bool, optional
            If `True`, compute the average component of the synonyms of the
            source word in this substitution. If `False` (default), compute the
            average over all coded words.
        sentence_relative : str, optional
            If not `None` (which is the default), return average component
            relative to component values of the source sentence of this
            substitution aggregated by this function; must be a name for which
            `np.nan<sentence_relative>` exists.

        Returns
        -------
        float
            Average component, of all coded words or of synonyms of the
            substitution's source word (depending on `source_synonyms`),
            relative to an aggregated source sentence value if
            `sentence_relative` specifies it.

        """

        component = self._component(n, pca, feature_names)
        avg = self._average(component, source_synonyms)

        if sentence_relative is not None:
            pool = getattr(np, 'nan' + sentence_relative)
            sentence_components, _ = \
                self._source_destination_components(n, pca, feature_names)
            sentence_components[self.position] = avg
            with warnings.catch_warnings():
                warnings.simplefilter('ignore', category=RuntimeWarning)
                avg -= pool(sentence_components)

        return avg


    @classmethod
    @memoized
[docs]    def _component(cls, n, pca, feature_names):
        """Get a function computing the `n`-th component of `pca` using
        `feature_names`.

        The method is :func:`~.utils.memoized` since it is called so often.

        Parameters
        ----------
        n : int
            Index of the component in `pca` that is to be computed.
        pca : :class:`sklearn.decomposition.PCA`
            :class:`~sklearn.decomposition.PCA` instance that was computed
            using the features listed in `feature_names`.
        feature_names : tuple of str
            Tuple of feature names used in the computation of `pca`.

        Returns
        -------
        component : function
            The component function, with signature `component(word=None)`. Call
            `component()` to get the set of words encoded by that component
            (which is the set of words encoded by all features in
            `feature_names`). Call `component(word)` to get the component value
            of `word` (or `np.nan` if `word` is not coded by that component).

        Examples
        --------
        Get the first component of "dog" in a PCA with very few words, using
        features `aoa`, `frequency`, and `letters_count`:

        >>> mixin = SubstitutionFeaturesMixin()
        >>> feature_names = ('aoa', 'frequency', 'letters_count')
        >>> features = list(map(mixin._transformed_feature,
        ...                     feature_names))
        >>> values = np.array([[f(w) for f in features]
        ...                    for w in ['bird', 'cat', 'human']])
        >>> from sklearn.decomposition import PCA
        >>> pca = PCA(n_components=2)
        >>> pca.fit(values)
        >>> mixin._component(0, pca, feature_names)('dog')
        -0.14284518091970733

        """

        # Check the PCA was computed for as many features as we're given.
        n_features = len(feature_names)
        assert n_features == len(pca.mean_)

        # Prepare our target words and component.
        # This sort of thing cannot be used for self.components() because each
        # feature uses either tokens or lemmas (here we use all words
        # indiscriminately).
        # Note that by doing this, we ignore the fact that a feature can yield
        # real values on words that don't appear in feature() (i.e. its base
        # set of words), in which case the average is a bit changed. Only
        # letters_count and synonyms are susceptible to this (because they're
        # not based on a dict). So we consider that the approach taken here is
        # fair to compute component average.
        tfeatures = [cls._transformed_feature(name) for name in feature_names]
        words = set()
        for tfeature in tfeatures:
            words.update(tfeature())

        def transform(word_tfeatures):
            """Get component `n` of `pca` based on a list of transformed word
            feature values; returns `np.nan` if some feature values are
            `np.nan`."""

            return pca.transform(word_tfeatures.reshape(1, -1))[0, n]\
                if np.isfinite(word_tfeatures).all() else np.nan

        def component(word=None):
            if word is None:
                return words
            else:
                word_tfeatures = np.array([tf(word) for tf in tfeatures],
                                          dtype=np.float_)
                return transform(word_tfeatures)

        # Set the right docstring and name on the component function.
        component.__name__ = '_component_{}'.format(n)
        component.__doc__ = 'component {}'.format(n)

        return component


    @classmethod
    @memoized
[docs]    def _transformed_feature(cls, name):
        """Get a function computing feature `name`, transformed as defined by
        :attr:`__features__`.

        Some features have a very skewed distribution (e.g. exponential, where
        a few words are valued orders of magnitude more than the vast majority
        of words), so we use their log-transformed values in the analysis to
        make them comparable to more regular features. The :attr:`__features__`
        attribute (which appears in the source code but not in the web version
        of these docs) defines which features are transformed how. Given a
        feature `name`, this method will generate a function that proxies calls
        to the raw feature method, and transforms the value if necessary.

        This method is :func:`~.utils.memoized` for speed, since other methods
        call it all the time.

        Parameters
        ----------
        name : str
            Name of the feature for which to create a function, without
            preceding underscore; for instance, call
            `cls._transformed_feature('aoa')` to get a function that uses the
            :meth:`_aoa` class method.

        Returns
        -------
        feature : function
            The feature function, with signature `feature(word=None)`. Call
            `feature()` to get the set of words encoded by that feature. Call
            `feature(word)` to get the transformed feature value of `word` (or
            `np.nan` if `word` is not coded by that feature).

        Examples
        --------
        Get the transformed frequency value of "dog":

        >>> mixin = SubstitutionFeaturesMixin()
        >>> logfrequency = mixin._transformed_feature('frequency')
        >>> logfrequency('dog') == np.log(mixin._frequency('dog'))
        True

        """

        if name not in cls.__features__:
            raise ValueError("Unknown feature: '{}'".format(name))
        _feature = getattr(cls, '_' + name)
        _, transform = cls.__features__[name]

        def feature(word=None):
            if word is None:
                return _feature()
            else:
                return transform(_feature(word))

        # Set the right docstring and name on the transformed feature function.
        functools.update_wrapper(feature, _feature)
        if transform is np.log:
            feature.__name__ = '_log' + feature.__name__
            feature.__doc__ = 'log(' + feature.__doc__ + ')'

        return feature


    @classmethod
[docs]    def _strict_synonyms(cls, word):
        """Get the set of synonyms of `word` through WordNet, excluding `word`
        itself; empty if nothing is found."""

        # wordnet.synsets() lemmatizes words, so we might as well control it.
        # This also lets us check the lemma is present in the generated
        # synonym list further down.
        lemma = wordnet.morphy(word)
        if lemma is None:
            return set()

        synonyms = set(word.lower() for synset in wordnet.synsets(lemma)
                       for word in synset.lemma_names())
        if len(synonyms) > 0:
            assert lemma in synonyms
            synonyms.remove(lemma)
        return synonyms


    @classmethod
    @memoized
[docs]    def _syllables_count(cls, word=None):
        """<#syllables>"""
        pronunciations = _get_pronunciations()
        if word is None:
            return pronunciations.keys()
        if word not in pronunciations:
            return np.nan
        return np.mean([sum([is_int(ph[-1]) for ph in pronunciation])
                        for pronunciation in pronunciations[word]])


    @classmethod
    @memoized
[docs]    def _phonemes_count(cls, word=None):
        """<#phonemes>"""
        pronunciations = _get_pronunciations()
        if word is None:
            return pronunciations.keys()
        if word not in pronunciations:
            return np.nan
        return np.mean([len(pronunciation)
                        for pronunciation in pronunciations[word]])


    @classmethod
    @memoized
[docs]    def _letters_count(cls, word=None):
        """#letters"""
        if word is None:
            return unpickle(settings.TOKENS)
        return len(word)


    @classmethod
    @memoized
[docs]    def _synonyms_count(cls, word=None):
        """<#synonyms>"""
        if word is None:
            return set(word.lower()
                       for synset in wordnet.all_synsets()
                       for word in synset.lemma_names())
        synsets = wordnet.synsets(word)
        if len(synsets) == 0:
            return np.nan
        count = np.mean([len(synset.lemmas()) - 1 for synset in synsets])
        return count or np.nan


    @classmethod
    @memoized
[docs]    def _aoa(cls, word=None):
        """age of acquisition"""
        aoa = _get_aoa()
        if word is None:
            return aoa.keys()
        return aoa.get(word, np.nan)


    @classmethod
    @memoized
[docs]    def _degree(cls, word=None):
        """degree"""
        degree = unpickle(settings.DEGREE)
        if word is None:
            return degree.keys()
        return degree.get(word, np.nan)


    @classmethod
    @memoized
[docs]    def _pagerank(cls, word=None):
        """pagerank"""
        pagerank = unpickle(settings.PAGERANK)
        if word is None:
            return pagerank.keys()
        return pagerank.get(word, np.nan)


    @classmethod
    @memoized
[docs]    def _betweenness(cls, word=None):
        """betweenness"""
        betweenness = unpickle(settings.BETWEENNESS)
        if word is None:
            return betweenness.keys()
        return betweenness.get(word, np.nan)


    @classmethod
    @memoized
[docs]    def _clustering(cls, word=None):
        """clustering"""
        clustering = unpickle(settings.CLUSTERING)
        if word is None:
            return clustering.keys()
        return clustering.get(word, np.nan)


    @classmethod
    @memoized
[docs]    def _frequency(cls, word=None):
        """frequency"""
        frequency = unpickle(settings.FREQUENCY)
        if word is None:
            return frequency.keys()
        return frequency.get(word, np.nan)


    @classmethod
    @memoized
[docs]    def _phonological_density(cls, word=None):
        """phonological nd"""
        clearpond_phonological = _get_clearpond()['phonological']
        if word is None:
            return clearpond_phonological.keys()
        return clearpond_phonological.get(word, np.nan) or np.nan


    @classmethod
    @memoized
[docs]    def _orthographic_density(cls, word=None):
        """orthographic nd"""
        clearpond_orthographic = _get_clearpond()['orthographic']
        if word is None:
            return clearpond_orthographic.keys()
        return clearpond_orthographic.get(word, np.nan) or np.nan
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  Source code for sqlalchemy.orm.attributes

# orm/attributes.py
# Copyright (C) 2005-2016 the SQLAlchemy authors and contributors
# <see AUTHORS file>
#
# This module is part of SQLAlchemy and is released under
# the MIT License: http://www.opensource.org/licenses/mit-license.php

"""Defines instrumentation for class attributes and their interaction
with instances.

This module is usually not directly visible to user applications, but
defines a large part of the ORM's interactivity.


"""

import operator
from .. import util, event, inspection
from . import interfaces, collections, exc as orm_exc

from .base import instance_state, instance_dict, manager_of_class

from .base import PASSIVE_NO_RESULT, ATTR_WAS_SET, ATTR_EMPTY, NO_VALUE,\
    NEVER_SET, NO_CHANGE, CALLABLES_OK, SQL_OK, RELATED_OBJECT_OK,\
    INIT_OK, NON_PERSISTENT_OK, LOAD_AGAINST_COMMITTED, PASSIVE_OFF,\
    PASSIVE_RETURN_NEVER_SET, PASSIVE_NO_INITIALIZE, PASSIVE_NO_FETCH,\
    PASSIVE_NO_FETCH_RELATED, PASSIVE_ONLY_PERSISTENT, NO_AUTOFLUSH
from .base import state_str, instance_str


@inspection._self_inspects
class QueryableAttribute(interfaces._MappedAttribute,
                         interfaces.InspectionAttr,
                         interfaces.PropComparator):
    """Base class for :term:`descriptor` objects that intercept
    attribute events on behalf of a :class:`.MapperProperty`
    object.  The actual :class:`.MapperProperty` is accessible
    via the :attr:`.QueryableAttribute.property`
    attribute.


    .. seealso::

        :class:`.InstrumentedAttribute`

        :class:`.MapperProperty`

        :attr:`.Mapper.all_orm_descriptors`

        :attr:`.Mapper.attrs`
    """

    is_attribute = True

    def __init__(self, class_, key, impl=None,
                 comparator=None, parententity=None,
                 of_type=None):
        self.class_ = class_
        self.key = key
        self.impl = impl
        self.comparator = comparator
        self._parententity = parententity
        self._of_type = of_type

        manager = manager_of_class(class_)
        # manager is None in the case of AliasedClass
        if manager:
            # propagate existing event listeners from
            # immediate superclass
            for base in manager._bases:
                if key in base:
                    self.dispatch._update(base[key].dispatch)

    @util.memoized_property
    def _supports_population(self):
        return self.impl.supports_population

    def get_history(self, instance, passive=PASSIVE_OFF):
        return self.impl.get_history(instance_state(instance),
                                     instance_dict(instance), passive)

    def __selectable__(self):
        # TODO: conditionally attach this method based on clause_element ?
        return self

    @util.memoized_property
    def info(self):
        """Return the 'info' dictionary for the underlying SQL element.

        The behavior here is as follows:

        * If the attribute is a column-mapped property, i.e.
          :class:`.ColumnProperty`, which is mapped directly
          to a schema-level :class:`.Column` object, this attribute
          will return the :attr:`.SchemaItem.info` dictionary associated
          with the core-level :class:`.Column` object.

        * If the attribute is a :class:`.ColumnProperty` but is mapped to
          any other kind of SQL expression other than a :class:`.Column`,
          the attribute will refer to the :attr:`.MapperProperty.info`
          dictionary associated directly with the :class:`.ColumnProperty`,
          assuming the SQL expression itself does not have its own ``.info``
          attribute (which should be the case, unless a user-defined SQL
          construct has defined one).

        * If the attribute refers to any other kind of
          :class:`.MapperProperty`, including :class:`.RelationshipProperty`,
          the attribute will refer to the :attr:`.MapperProperty.info`
          dictionary associated with that :class:`.MapperProperty`.

        * To access the :attr:`.MapperProperty.info` dictionary of the
          :class:`.MapperProperty` unconditionally, including for a
          :class:`.ColumnProperty` that's associated directly with a
          :class:`.schema.Column`, the attribute can be referred to using
          :attr:`.QueryableAttribute.property` attribute, as
          ``MyClass.someattribute.property.info``.

        .. versionadded:: 0.8.0

        .. seealso::

            :attr:`.SchemaItem.info`

            :attr:`.MapperProperty.info`

        """
        return self.comparator.info

    @util.memoized_property
    def parent(self):
        """Return an inspection instance representing the parent.

        This will be either an instance of :class:`.Mapper`
        or :class:`.AliasedInsp`, depending upon the nature
        of the parent entity which this attribute is associated
        with.

        """
        return inspection.inspect(self._parententity)

    @property
    def expression(self):
        return self.comparator.__clause_element__()

    def __clause_element__(self):
        return self.comparator.__clause_element__()

    def _query_clause_element(self):
        """like __clause_element__(), but called specifically
        by :class:`.Query` to allow special behavior."""

        return self.comparator._query_clause_element()

    def adapt_to_entity(self, adapt_to_entity):
        assert not self._of_type
        return self.__class__(adapt_to_entity.entity,
                              self.key, impl=self.impl,
                              comparator=self.comparator.adapt_to_entity(
                                  adapt_to_entity),
                              parententity=adapt_to_entity)

    def of_type(self, cls):
        return QueryableAttribute(
            self.class_,
            self.key,
            self.impl,
            self.comparator.of_type(cls),
            self._parententity,
            of_type=cls)

    def label(self, name):
        return self._query_clause_element().label(name)

    def operate(self, op, *other, **kwargs):
        return op(self.comparator, *other, **kwargs)

    def reverse_operate(self, op, other, **kwargs):
        return op(other, self.comparator, **kwargs)

    def hasparent(self, state, optimistic=False):
        return self.impl.hasparent(state, optimistic=optimistic) is not False

    def __getattr__(self, key):
        try:
            return getattr(self.comparator, key)
        except AttributeError:
            raise AttributeError(
                'Neither %r object nor %r object associated with %s '
                'has an attribute %r' % (
                    type(self).__name__,
                    type(self.comparator).__name__,
                    self,
                    key)
            )

    def __str__(self):
        return "%s.%s" % (self.class_.__name__, self.key)

    @util.memoized_property
    def property(self):
        """Return the :class:`.MapperProperty` associated with this
        :class:`.QueryableAttribute`.


        Return values here will commonly be instances of
        :class:`.ColumnProperty` or :class:`.RelationshipProperty`.


        """
        return self.comparator.property


class InstrumentedAttribute(QueryableAttribute):
    """Class bound instrumented attribute which adds basic
    :term:`descriptor` methods.

    See :class:`.QueryableAttribute` for a description of most features.


    """

    def __set__(self, instance, value):
        self.impl.set(instance_state(instance),
                      instance_dict(instance), value, None)

    def __delete__(self, instance):
        self.impl.delete(instance_state(instance), instance_dict(instance))

    def __get__(self, instance, owner):
        if instance is None:
            return self

        dict_ = instance_dict(instance)
        if self._supports_population and self.key in dict_:
            return dict_[self.key]
        else:
            return self.impl.get(instance_state(instance), dict_)


def create_proxied_attribute(descriptor):
    """Create an QueryableAttribute / user descriptor hybrid.

    Returns a new QueryableAttribute type that delegates descriptor
    behavior and getattr() to the given descriptor.
    """

    # TODO: can move this to descriptor_props if the need for this
    # function is removed from ext/hybrid.py

    class Proxy(QueryableAttribute):
        """Presents the :class:`.QueryableAttribute` interface as a
        proxy on top of a Python descriptor / :class:`.PropComparator`
        combination.

        """

        def __init__(self, class_, key, descriptor,
                     comparator,
                     adapt_to_entity=None, doc=None,
                     original_property=None):
            self.class_ = class_
            self.key = key
            self.descriptor = descriptor
            self.original_property = original_property
            self._comparator = comparator
            self._adapt_to_entity = adapt_to_entity
            self.__doc__ = doc

        @property
        def property(self):
            return self.comparator.property

        @util.memoized_property
        def comparator(self):
            if util.callable(self._comparator):
                self._comparator = self._comparator()
            if self._adapt_to_entity:
                self._comparator = self._comparator.adapt_to_entity(
                    self._adapt_to_entity)
            return self._comparator

        def adapt_to_entity(self, adapt_to_entity):
            return self.__class__(adapt_to_entity.entity,
                                  self.key,
                                  self.descriptor,
                                  self._comparator,
                                  adapt_to_entity)

        def __get__(self, instance, owner):
            if instance is None:
                return self
            else:
                return self.descriptor.__get__(instance, owner)

        def __str__(self):
            return "%s.%s" % (self.class_.__name__, self.key)

        def __getattr__(self, attribute):
            """Delegate __getattr__ to the original descriptor and/or
            comparator."""

            try:
                return getattr(descriptor, attribute)
            except AttributeError:
                try:
                    return getattr(self.comparator, attribute)
                except AttributeError:
                    raise AttributeError(
                        'Neither %r object nor %r object associated with %s '
                        'has an attribute %r' % (
                            type(descriptor).__name__,
                            type(self.comparator).__name__,
                            self,
                            attribute)
                    )

    Proxy.__name__ = type(descriptor).__name__ + 'Proxy'

    util.monkeypatch_proxied_specials(Proxy, type(descriptor),
                                      name='descriptor',
                                      from_instance=descriptor)
    return Proxy

OP_REMOVE = util.symbol("REMOVE")
OP_APPEND = util.symbol("APPEND")
OP_REPLACE = util.symbol("REPLACE")


class Event(object):
    """A token propagated throughout the course of a chain of attribute
    events.

    Serves as an indicator of the source of the event and also provides
    a means of controlling propagation across a chain of attribute
    operations.

    The :class:`.Event` object is sent as the ``initiator`` argument
    when dealing with the :meth:`.AttributeEvents.append`,
    :meth:`.AttributeEvents.set`,
    and :meth:`.AttributeEvents.remove` events.

    The :class:`.Event` object is currently interpreted by the backref
    event handlers, and is used to control the propagation of operations
    across two mutually-dependent attributes.

    .. versionadded:: 0.9.0

    :var impl: The :class:`.AttributeImpl` which is the current event
     initiator.

    :var op: The symbol :attr:`.OP_APPEND`, :attr:`.OP_REMOVE` or
     :attr:`.OP_REPLACE`, indicating the source operation.

    """

    __slots__ = 'impl', 'op', 'parent_token'

    def __init__(self, attribute_impl, op):
        self.impl = attribute_impl
        self.op = op
        self.parent_token = self.impl.parent_token

    def __eq__(self, other):
        return isinstance(other, Event) and \
            other.impl is self.impl and \
            other.op == self.op

    @property
    def key(self):
        return self.impl.key

    def hasparent(self, state):
        return self.impl.hasparent(state)


class AttributeImpl(object):
    """internal implementation for instrumented attributes."""

    def __init__(self, class_, key,
                 callable_, dispatch, trackparent=False, extension=None,
                 compare_function=None, active_history=False,
                 parent_token=None, expire_missing=True,
                 send_modified_events=True,
                 **kwargs):
        """Construct an AttributeImpl.

        \class_
          associated class

        key
          string name of the attribute

        \callable_
          optional function which generates a callable based on a parent
          instance, which produces the "default" values for a scalar or
          collection attribute when it's first accessed, if not present
          already.

        trackparent
          if True, attempt to track if an instance has a parent attached
          to it via this attribute.

        extension
          a single or list of AttributeExtension object(s) which will
          receive set/delete/append/remove/etc. events.  Deprecated.
          The event package is now used.

        compare_function
          a function that compares two values which are normally
          assignable to this attribute.

        active_history
          indicates that get_history() should always return the "old" value,
          even if it means executing a lazy callable upon attribute change.

        parent_token
          Usually references the MapperProperty, used as a key for
          the hasparent() function to identify an "owning" attribute.
          Allows multiple AttributeImpls to all match a single
          owner attribute.

        expire_missing
          if False, don't add an "expiry" callable to this attribute
          during state.expire_attributes(None), if no value is present
          for this key.

        send_modified_events
          if False, the InstanceState._modified_event method will have no
          effect; this means the attribute will never show up as changed in a
          history entry.
        """
        self.class_ = class_
        self.key = key
        self.callable_ = callable_
        self.dispatch = dispatch
        self.trackparent = trackparent
        self.parent_token = parent_token or self
        self.send_modified_events = send_modified_events
        if compare_function is None:
            self.is_equal = operator.eq
        else:
            self.is_equal = compare_function

        # TODO: pass in the manager here
        # instead of doing a lookup
        attr = manager_of_class(class_)[key]

        for ext in util.to_list(extension or []):
            ext._adapt_listener(attr, ext)

        if active_history:
            self.dispatch._active_history = True

        self.expire_missing = expire_missing

    __slots__ = (
        'class_', 'key', 'callable_', 'dispatch', 'trackparent',
        'parent_token', 'send_modified_events', 'is_equal', 'expire_missing'
    )

    def __str__(self):
        return "%s.%s" % (self.class_.__name__, self.key)

    def _get_active_history(self):
        """Backwards compat for impl.active_history"""

        return self.dispatch._active_history

    def _set_active_history(self, value):
        self.dispatch._active_history = value

    active_history = property(_get_active_history, _set_active_history)

    def hasparent(self, state, optimistic=False):
        """Return the boolean value of a `hasparent` flag attached to
        the given state.

        The `optimistic` flag determines what the default return value
        should be if no `hasparent` flag can be located.

        As this function is used to determine if an instance is an
        *orphan*, instances that were loaded from storage should be
        assumed to not be orphans, until a True/False value for this
        flag is set.

        An instance attribute that is loaded by a callable function
        will also not have a `hasparent` flag.

        """
        msg = "This AttributeImpl is not configured to track parents."
        assert self.trackparent, msg

        return state.parents.get(id(self.parent_token), optimistic) \
            is not False

    def sethasparent(self, state, parent_state, value):
        """Set a boolean flag on the given item corresponding to
        whether or not it is attached to a parent object via the
        attribute represented by this ``InstrumentedAttribute``.

        """
        msg = "This AttributeImpl is not configured to track parents."
        assert self.trackparent, msg

        id_ = id(self.parent_token)
        if value:
            state.parents[id_] = parent_state
        else:
            if id_ in state.parents:
                last_parent = state.parents[id_]

                if last_parent is not False and \
                        last_parent.key != parent_state.key:

                    if last_parent.obj() is None:
                        raise orm_exc.StaleDataError(
                            "Removing state %s from parent "
                            "state %s along attribute '%s', "
                            "but the parent record "
                            "has gone stale, can't be sure this "
                            "is the most recent parent." %
                            (state_str(state),
                             state_str(parent_state),
                             self.key))

                    return

            state.parents[id_] = False

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        raise NotImplementedError()

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        """Return a list of tuples of (state, obj)
        for all objects in this attribute's current state
        + history.

        Only applies to object-based attributes.

        This is an inlining of existing functionality
        which roughly corresponds to:

            get_state_history(
                        state,
                        key,
                        passive=PASSIVE_NO_INITIALIZE).sum()

        """
        raise NotImplementedError()

    def initialize(self, state, dict_):
        """Initialize the given state's attribute with an empty value."""

        # As of 1.0, we don't actually set a value in
        # dict_.  This is so that the state of the object does not get
        # modified without emitting the appropriate events.


        return None

    def get(self, state, dict_, passive=PASSIVE_OFF):
        """Retrieve a value from the given object.
        If a callable is assembled on this object's attribute, and
        passive is False, the callable will be executed and the
        resulting value will be set as the new value for this attribute.
        """
        if self.key in dict_:
            return dict_[self.key]
        else:
            # if history present, don't load
            key = self.key
            if key not in state.committed_state or \
                    state.committed_state[key] is NEVER_SET:
                if not passive & CALLABLES_OK:
                    return PASSIVE_NO_RESULT

                if key in state.expired_attributes:
                    value = state._load_expired(state, passive)
                elif key in state.callables:
                    callable_ = state.callables[key]
                    value = callable_(state, passive)
                elif self.callable_:
                    value = self.callable_(state, passive)
                else:
                    value = ATTR_EMPTY

                if value is PASSIVE_NO_RESULT or value is NEVER_SET:
                    return value
                elif value is ATTR_WAS_SET:
                    try:
                        return dict_[key]
                    except KeyError:
                        # TODO: no test coverage here.
                        raise KeyError(
                            "Deferred loader for attribute "
                            "%r failed to populate "
                            "correctly" % key)
                elif value is not ATTR_EMPTY:
                    return self.set_committed_value(state, dict_, value)

            if not passive & INIT_OK:
                return NEVER_SET
            else:
                # Return a new, empty value
                return self.initialize(state, dict_)

    def append(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(state, dict_, value, initiator, passive=passive)

    def remove(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(state, dict_, None, initiator,
                 passive=passive, check_old=value)

    def pop(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(state, dict_, None, initiator,
                 passive=passive, check_old=value, pop=True)

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, check_old=None, pop=False):
        raise NotImplementedError()

    def get_committed_value(self, state, dict_, passive=PASSIVE_OFF):
        """return the unchanged value of this attribute"""

        if self.key in state.committed_state:
            value = state.committed_state[self.key]
            if value in (NO_VALUE, NEVER_SET):
                return None
            else:
                return value
        else:
            return self.get(state, dict_, passive=passive)

    def set_committed_value(self, state, dict_, value):
        """set an attribute value on the given instance and 'commit' it."""

        dict_[self.key] = value
        state._commit(dict_, [self.key])
        return value


class ScalarAttributeImpl(AttributeImpl):
    """represents a scalar value-holding InstrumentedAttribute."""

    accepts_scalar_loader = True
    uses_objects = False
    supports_population = True
    collection = False

    __slots__ = '_replace_token', '_append_token', '_remove_token'

    def __init__(self, *arg, **kw):
        super(ScalarAttributeImpl, self).__init__(*arg, **kw)
        self._replace_token = self._append_token = None
        self._remove_token = None

    def _init_append_token(self):
        self._replace_token = self._append_token = Event(self, OP_REPLACE)
        return self._replace_token

    _init_append_or_replace_token = _init_append_token

    def _init_remove_token(self):
        self._remove_token = Event(self, OP_REMOVE)
        return self._remove_token

    def delete(self, state, dict_):

        # TODO: catch key errors, convert to attributeerror?
        if self.dispatch._active_history:
            old = self.get(state, dict_, PASSIVE_RETURN_NEVER_SET)
        else:
            old = dict_.get(self.key, NO_VALUE)

        if self.dispatch.remove:
            self.fire_remove_event(state, dict_, old, self._remove_token)
        state._modified_event(dict_, self, old)
        del dict_[self.key]

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        if self.key in dict_:
            return History.from_scalar_attribute(self, state, dict_[self.key])
        else:
            if passive & INIT_OK:
                passive ^= INIT_OK
            current = self.get(state, dict_, passive=passive)
            if current is PASSIVE_NO_RESULT:
                return HISTORY_BLANK
            else:
                return History.from_scalar_attribute(self, state, current)

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, check_old=None, pop=False):
        if self.dispatch._active_history:
            old = self.get(state, dict_, PASSIVE_RETURN_NEVER_SET)
        else:
            old = dict_.get(self.key, NO_VALUE)

        if self.dispatch.set:
            value = self.fire_replace_event(state, dict_,
                                            value, old, initiator)
        state._modified_event(dict_, self, old)
        dict_[self.key] = value

    def fire_replace_event(self, state, dict_, value, previous, initiator):
        for fn in self.dispatch.set:
            value = fn(
                state, value, previous,
                initiator or self._replace_token or
                self._init_append_or_replace_token())
        return value

    def fire_remove_event(self, state, dict_, value, initiator):
        for fn in self.dispatch.remove:
            fn(state, value,
               initiator or self._remove_token or self._init_remove_token())

    @property
    def type(self):
        self.property.columns[0].type


class ScalarObjectAttributeImpl(ScalarAttributeImpl):
    """represents a scalar-holding InstrumentedAttribute,
       where the target object is also instrumented.

       Adds events to delete/set operations.

    """

    accepts_scalar_loader = False
    uses_objects = True
    supports_population = True
    collection = False

    __slots__ = ()

    def delete(self, state, dict_):
        old = self.get(state, dict_)
        self.fire_remove_event(
            state, dict_, old,
            self._remove_token or self._init_remove_token())
        del dict_[self.key]

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        if self.key in dict_:
            return History.from_object_attribute(self, state, dict_[self.key])
        else:
            if passive & INIT_OK:
                passive ^= INIT_OK
            current = self.get(state, dict_, passive=passive)
            if current is PASSIVE_NO_RESULT:
                return HISTORY_BLANK
            else:
                return History.from_object_attribute(self, state, current)

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        if self.key in dict_:
            current = dict_[self.key]
        elif passive & CALLABLES_OK:
            current = self.get(state, dict_, passive=passive)
        else:
            return []

        # can't use __hash__(), can't use __eq__() here
        if current is not None and \
                current is not PASSIVE_NO_RESULT and \
                current is not NEVER_SET:
            ret = [(instance_state(current), current)]
        else:
            ret = [(None, None)]

        if self.key in state.committed_state:
            original = state.committed_state[self.key]
            if original is not None and \
                    original is not PASSIVE_NO_RESULT and \
                    original is not NEVER_SET and \
                    original is not current:

                ret.append((instance_state(original), original))
        return ret

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, check_old=None, pop=False):
        """Set a value on the given InstanceState.

        """
        if self.dispatch._active_history:
            old = self.get(
                state, dict_, passive=PASSIVE_ONLY_PERSISTENT | NO_AUTOFLUSH)
        else:
            old = self.get(state, dict_, passive=PASSIVE_NO_FETCH ^ INIT_OK)

        if check_old is not None and \
                old is not PASSIVE_NO_RESULT and \
                check_old is not old:
            if pop:
                return
            else:
                raise ValueError(
                    "Object %s not associated with %s on attribute '%s'" % (
                        instance_str(check_old),
                        state_str(state),
                        self.key
                    ))

        value = self.fire_replace_event(state, dict_, value, old, initiator)
        dict_[self.key] = value

    def fire_remove_event(self, state, dict_, value, initiator):
        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, False)

        for fn in self.dispatch.remove:
            fn(state, value, initiator or
               self._remove_token or self._init_remove_token())

        state._modified_event(dict_, self, value)

    def fire_replace_event(self, state, dict_, value, previous, initiator):
        if self.trackparent:
            if (previous is not value and
                    previous not in (None, PASSIVE_NO_RESULT, NEVER_SET)):
                self.sethasparent(instance_state(previous), state, False)

        for fn in self.dispatch.set:
            value = fn(
                state, value, previous, initiator or
                self._replace_token or self._init_append_or_replace_token())

        state._modified_event(dict_, self, previous)

        if self.trackparent:
            if value is not None:
                self.sethasparent(instance_state(value), state, True)

        return value


class CollectionAttributeImpl(AttributeImpl):
    """A collection-holding attribute that instruments changes in membership.

    Only handles collections of instrumented objects.

    InstrumentedCollectionAttribute holds an arbitrary, user-specified
    container object (defaulting to a list) and brokers access to the
    CollectionAdapter, a "view" onto that object that presents consistent bag
    semantics to the orm layer independent of the user data implementation.

    """
    accepts_scalar_loader = False
    uses_objects = True
    supports_population = True
    collection = True

    __slots__ = 'copy', 'collection_factory', '_append_token', '_remove_token'

    def __init__(self, class_, key, callable_, dispatch,
                 typecallable=None, trackparent=False, extension=None,
                 copy_function=None, compare_function=None, **kwargs):
        super(CollectionAttributeImpl, self).__init__(
            class_,
            key,
            callable_, dispatch,
            trackparent=trackparent,
            extension=extension,
            compare_function=compare_function,
            **kwargs)

        if copy_function is None:
            copy_function = self.__copy
        self.copy = copy_function
        self.collection_factory = typecallable
        self._append_token = None
        self._remove_token = None

        if getattr(self.collection_factory, "_sa_linker", None):

            @event.listens_for(self, "init_collection")
            def link(target, collection, collection_adapter):
                collection._sa_linker(collection_adapter)

            @event.listens_for(self, "dispose_collection")
            def unlink(target, collection, collection_adapter):
                collection._sa_linker(None)

    def _init_append_token(self):
        self._append_token = Event(self, OP_APPEND)
        return self._append_token

    def _init_remove_token(self):
        self._remove_token = Event(self, OP_REMOVE)
        return self._remove_token

    def __copy(self, item):
        return [y for y in collections.collection_adapter(item)]

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        current = self.get(state, dict_, passive=passive)
        if current is PASSIVE_NO_RESULT:
            return HISTORY_BLANK
        else:
            return History.from_collection(self, state, current)

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        # NOTE: passive is ignored here at the moment

        if self.key not in dict_:
            return []

        current = dict_[self.key]
        current = getattr(current, '_sa_adapter')

        if self.key in state.committed_state:
            original = state.committed_state[self.key]
            if original not in (NO_VALUE, NEVER_SET):
                current_states = [((c is not None) and
                                   instance_state(c) or None, c)
                                  for c in current]
                original_states = [((c is not None) and
                                    instance_state(c) or None, c)
                                   for c in original]

                current_set = dict(current_states)
                original_set = dict(original_states)

                return \
                    [(s, o) for s, o in current_states
                        if s not in original_set] + \
                    [(s, o) for s, o in current_states
                        if s in original_set] + \
                    [(s, o) for s, o in original_states
                        if s not in current_set]

        return [(instance_state(o), o) for o in current]

    def fire_append_event(self, state, dict_, value, initiator):
        for fn in self.dispatch.append:
            value = fn(
                state, value,
                initiator or self._append_token or self._init_append_token())

        state._modified_event(dict_, self, NEVER_SET, True)

        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, True)

        return value

    def fire_pre_remove_event(self, state, dict_, initiator):
        state._modified_event(dict_, self, NEVER_SET, True)

    def fire_remove_event(self, state, dict_, value, initiator):
        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, False)

        for fn in self.dispatch.remove:
            fn(state, value,
               initiator or self._remove_token or self._init_remove_token())

        state._modified_event(dict_, self, NEVER_SET, True)

    def delete(self, state, dict_):
        if self.key not in dict_:
            return

        state._modified_event(dict_, self, NEVER_SET, True)

        collection = self.get_collection(state, state.dict)
        collection.clear_with_event()
        # TODO: catch key errors, convert to attributeerror?
        del dict_[self.key]

    def initialize(self, state, dict_):
        """Initialize this attribute with an empty collection."""

        _, user_data = self._initialize_collection(state)
        dict_[self.key] = user_data
        return user_data

    def _initialize_collection(self, state):

        adapter, collection = state.manager.initialize_collection(
            self.key, state, self.collection_factory)

        self.dispatch.init_collection(state, collection, adapter)

        return adapter, collection

    def append(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        collection = self.get_collection(state, dict_, passive=passive)
        if collection is PASSIVE_NO_RESULT:
            value = self.fire_append_event(state, dict_, value, initiator)
            assert self.key not in dict_, \
                "Collection was loaded during event handling."
            state._get_pending_mutation(self.key).append(value)
        else:
            collection.append_with_event(value, initiator)

    def remove(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        collection = self.get_collection(state, state.dict, passive=passive)
        if collection is PASSIVE_NO_RESULT:
            self.fire_remove_event(state, dict_, value, initiator)
            assert self.key not in dict_, \
                "Collection was loaded during event handling."
            state._get_pending_mutation(self.key).remove(value)
        else:
            collection.remove_with_event(value, initiator)

    def pop(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        try:
            # TODO: better solution here would be to add
            # a "popper" role to collections.py to complement
            # "remover".
            self.remove(state, dict_, value, initiator, passive=passive)
        except (ValueError, KeyError, IndexError):
            pass

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, pop=False):
        """Set a value on the given object.

        """

        self._set_iterable(
            state, dict_, value,
            lambda adapter, i: adapter.adapt_like_to_iterable(i))

    def _set_iterable(self, state, dict_, iterable, adapter=None):
        """Set a collection value from an iterable of state-bearers.

        ``adapter`` is an optional callable invoked with a CollectionAdapter
        and the iterable.  Should return an iterable of state-bearing
        instances suitable for appending via a CollectionAdapter.  Can be used
        for, e.g., adapting an incoming dictionary into an iterator of values
        rather than keys.

        """
        # pulling a new collection first so that an adaptation exception does
        # not trigger a lazy load of the old collection.
        new_collection, user_data = self._initialize_collection(state)
        if adapter:
            new_values = list(adapter(new_collection, iterable))
        else:
            new_values = list(iterable)

        old = self.get(state, dict_, passive=PASSIVE_ONLY_PERSISTENT)
        if old is PASSIVE_NO_RESULT:
            old = self.initialize(state, dict_)
        elif old is iterable:
            # ignore re-assignment of the current collection, as happens
            # implicitly with in-place operators (foo.collection |= other)
            return

        # place a copy of "old" in state.committed_state
        state._modified_event(dict_, self, old, True)

        old_collection = old._sa_adapter

        dict_[self.key] = user_data

        collections.bulk_replace(new_values, old_collection, new_collection)

        del old._sa_adapter
        self.dispatch.dispose_collection(state, old, old_collection)

    def _invalidate_collection(self, collection):
        adapter = getattr(collection, '_sa_adapter')
        adapter.invalidated = True

    def set_committed_value(self, state, dict_, value):
        """Set an attribute value on the given instance and 'commit' it."""

        collection, user_data = self._initialize_collection(state)

        if value:
            collection.append_multiple_without_event(value)

        state.dict[self.key] = user_data

        state._commit(dict_, [self.key])

        if self.key in state._pending_mutations:
            # pending items exist.  issue a modified event,
            # add/remove new items.
            state._modified_event(dict_, self, user_data, True)

            pending = state._pending_mutations.pop(self.key)
            added = pending.added_items
            removed = pending.deleted_items
            for item in added:
                collection.append_without_event(item)
            for item in removed:
                collection.remove_without_event(item)

        return user_data

    def get_collection(self, state, dict_,
                       user_data=None, passive=PASSIVE_OFF):
        """Retrieve the CollectionAdapter associated with the given state.

        Creates a new CollectionAdapter if one does not exist.

        """
        if user_data is None:
            user_data = self.get(state, dict_, passive=passive)
            if user_data is PASSIVE_NO_RESULT:
                return user_data

        return getattr(user_data, '_sa_adapter')


def backref_listeners(attribute, key, uselist):
    """Apply listeners to synchronize a two-way relationship."""

    # use easily recognizable names for stack traces

    parent_token = attribute.impl.parent_token
    parent_impl = attribute.impl

    def _acceptable_key_err(child_state, initiator, child_impl):
        raise ValueError(
            "Bidirectional attribute conflict detected: "
            'Passing object %s to attribute "%s" '
            'triggers a modify event on attribute "%s" '
            'via the backref "%s".' % (
                state_str(child_state),
                initiator.parent_token,
                child_impl.parent_token,
                attribute.impl.parent_token
            )
        )

    def emit_backref_from_scalar_set_event(state, child, oldchild, initiator):
        if oldchild is child:
            return child
        if oldchild is not None and \
                oldchild is not PASSIVE_NO_RESULT and \
                oldchild is not NEVER_SET:
            # With lazy=None, there's no guarantee that the full collection is
            # present when updating via a backref.
            old_state, old_dict = instance_state(oldchild),\
                instance_dict(oldchild)
            impl = old_state.manager[key].impl

            if initiator.impl is not impl or \
                    initiator.op not in (OP_REPLACE, OP_REMOVE):
                impl.pop(old_state,
                         old_dict,
                         state.obj(),
                         parent_impl._append_token or
                            parent_impl._init_append_token(),
                         passive=PASSIVE_NO_FETCH)

        if child is not None:
            child_state, child_dict = instance_state(child),\
                instance_dict(child)
            child_impl = child_state.manager[key].impl
            if initiator.parent_token is not parent_token and \
                    initiator.parent_token is not child_impl.parent_token:
                _acceptable_key_err(state, initiator, child_impl)
            elif initiator.impl is not child_impl or \
                    initiator.op not in (OP_APPEND, OP_REPLACE):
                child_impl.append(
                    child_state,
                    child_dict,
                    state.obj(),
                    initiator,
                    passive=PASSIVE_NO_FETCH)
        return child

    def emit_backref_from_collection_append_event(state, child, initiator):
        if child is None:
            return

        child_state, child_dict = instance_state(child), \
            instance_dict(child)
        child_impl = child_state.manager[key].impl

        if initiator.parent_token is not parent_token and \
                initiator.parent_token is not child_impl.parent_token:
            _acceptable_key_err(state, initiator, child_impl)
        elif initiator.impl is not child_impl or \
                initiator.op not in (OP_APPEND, OP_REPLACE):
            child_impl.append(
                child_state,
                child_dict,
                state.obj(),
                initiator,
                passive=PASSIVE_NO_FETCH)
        return child

    def emit_backref_from_collection_remove_event(state, child, initiator):
        if child is not None:
            child_state, child_dict = instance_state(child),\
                instance_dict(child)
            child_impl = child_state.manager[key].impl
            if initiator.impl is not child_impl or \
                    initiator.op not in (OP_REMOVE, OP_REPLACE):
                child_impl.pop(
                    child_state,
                    child_dict,
                    state.obj(),
                    initiator,
                    passive=PASSIVE_NO_FETCH)

    if uselist:
        event.listen(attribute, "append",
                     emit_backref_from_collection_append_event,
                     retval=True, raw=True)
    else:
        event.listen(attribute, "set",
                     emit_backref_from_scalar_set_event,
                     retval=True, raw=True)
    # TODO: need coverage in test/orm/ of remove event
    event.listen(attribute, "remove",
                 emit_backref_from_collection_remove_event,
                 retval=True, raw=True)

_NO_HISTORY = util.symbol('NO_HISTORY')
_NO_STATE_SYMBOLS = frozenset([
    id(PASSIVE_NO_RESULT),
    id(NO_VALUE),
    id(NEVER_SET)])

History = util.namedtuple("History", [
    "added", "unchanged", "deleted"
])


class History(History):
    """A 3-tuple of added, unchanged and deleted values,
    representing the changes which have occurred on an instrumented
    attribute.

    The easiest way to get a :class:`.History` object for a particular
    attribute on an object is to use the :func:`.inspect` function::

        from sqlalchemy import inspect

        hist = inspect(myobject).attrs.myattribute.history

    Each tuple member is an iterable sequence:

    * ``added`` - the collection of items added to the attribute (the first
      tuple element).

    * ``unchanged`` - the collection of items that have not changed on the
      attribute (the second tuple element).

    * ``deleted`` - the collection of items that have been removed from the
      attribute (the third tuple element).

    """

    def __bool__(self):
        return self != HISTORY_BLANK
    __nonzero__ = __bool__

    def empty(self):
        """Return True if this :class:`.History` has no changes
        and no existing, unchanged state.

        """

        return not bool(
            (self.added or self.deleted)
            or self.unchanged
        )

    def sum(self):
        """Return a collection of added + unchanged + deleted."""

        return (self.added or []) +\
            (self.unchanged or []) +\
            (self.deleted or [])

    def non_deleted(self):
        """Return a collection of added + unchanged."""

        return (self.added or []) +\
            (self.unchanged or [])

    def non_added(self):
        """Return a collection of unchanged + deleted."""

        return (self.unchanged or []) +\
            (self.deleted or [])

    def has_changes(self):
        """Return True if this :class:`.History` has changes."""

        return bool(self.added or self.deleted)

    def as_state(self):
        return History(
            [(c is not None)
             and instance_state(c) or None
             for c in self.added],
            [(c is not None)
             and instance_state(c) or None
             for c in self.unchanged],
            [(c is not None)
             and instance_state(c) or None
             for c in self.deleted],
        )

    @classmethod
    def from_scalar_attribute(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)

        if original is _NO_HISTORY:
            if current is NEVER_SET:
                return cls((), (), ())
            else:
                return cls((), [current], ())
        # don't let ClauseElement expressions here trip things up
        elif attribute.is_equal(current, original) is True:
            return cls((), [current], ())
        else:
            # current convention on native scalars is to not
            # include information
            # about missing previous value in "deleted", but
            # we do include None, which helps in some primary
            # key situations
            if id(original) in _NO_STATE_SYMBOLS:
                deleted = ()
            else:
                deleted = [original]
            if current is NEVER_SET:
                return cls((), (), deleted)
            else:
                return cls([current], (), deleted)

    @classmethod
    def from_object_attribute(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)

        if original is _NO_HISTORY:
            if current is NO_VALUE or current is NEVER_SET:
                return cls((), (), ())
            else:
                return cls((), [current], ())
        elif current is original:
            return cls((), [current], ())
        else:
            # current convention on related objects is to not
            # include information
            # about missing previous value in "deleted", and
            # to also not include None - the dependency.py rules
            # ignore the None in any case.
            if id(original) in _NO_STATE_SYMBOLS or original is None:
                deleted = ()
            else:
                deleted = [original]
            if current is NO_VALUE or current is NEVER_SET:
                return cls((), (), deleted)
            else:
                return cls([current], (), deleted)

    @classmethod
    def from_collection(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)

        if current is NO_VALUE or current is NEVER_SET:
            return cls((), (), ())

        current = getattr(current, '_sa_adapter')
        if original in (NO_VALUE, NEVER_SET):
            return cls(list(current), (), ())
        elif original is _NO_HISTORY:
            return cls((), list(current), ())
        else:

            current_states = [((c is not None) and instance_state(c)
                               or None, c)
                              for c in current
                              ]
            original_states = [((c is not None) and instance_state(c)
                                or None, c)
                               for c in original
                               ]

            current_set = dict(current_states)
            original_set = dict(original_states)

            return cls(
                [o for s, o in current_states if s not in original_set],
                [o for s, o in current_states if s in original_set],
                [o for s, o in original_states if s not in current_set]
            )

HISTORY_BLANK = History(None, None, None)


def get_history(obj, key, passive=PASSIVE_OFF):
    """Return a :class:`.History` record for the given object
    and attribute key.

    :param obj: an object whose class is instrumented by the
      attributes package.

    :param key: string attribute name.

    :param passive: indicates loading behavior for the attribute
       if the value is not already present.   This is a
       bitflag attribute, which defaults to the symbol
       :attr:`.PASSIVE_OFF` indicating all necessary SQL
       should be emitted.

    """
    if passive is True:
        util.warn_deprecated("Passing True for 'passive' is deprecated. "
                             "Use attributes.PASSIVE_NO_INITIALIZE")
        passive = PASSIVE_NO_INITIALIZE
    elif passive is False:
        util.warn_deprecated("Passing False for 'passive' is "
                             "deprecated.  Use attributes.PASSIVE_OFF")
        passive = PASSIVE_OFF

    return get_state_history(instance_state(obj), key, passive)


def get_state_history(state, key, passive=PASSIVE_OFF):
    return state.get_history(key, passive)


def has_parent(cls, obj, key, optimistic=False):
    """TODO"""
    manager = manager_of_class(cls)
    state = instance_state(obj)
    return manager.has_parent(state, key, optimistic)


def register_attribute(class_, key, **kw):
    comparator = kw.pop('comparator', None)
    parententity = kw.pop('parententity', None)
    doc = kw.pop('doc', None)
    desc = register_descriptor(class_, key,
                               comparator, parententity, doc=doc)
    register_attribute_impl(class_, key, **kw)
    return desc


def register_attribute_impl(class_, key,
                            uselist=False, callable_=None,
                            useobject=False,
                            impl_class=None, backref=None, **kw):

    manager = manager_of_class(class_)
    if uselist:
        factory = kw.pop('typecallable', None)
        typecallable = manager.instrument_collection_class(
            key, factory or list)
    else:
        typecallable = kw.pop('typecallable', None)

    dispatch = manager[key].dispatch

    if impl_class:
        impl = impl_class(class_, key, typecallable, dispatch, **kw)
    elif uselist:
        impl = CollectionAttributeImpl(class_, key, callable_, dispatch,
                                       typecallable=typecallable, **kw)
    elif useobject:
        impl = ScalarObjectAttributeImpl(class_, key, callable_,
                                         dispatch, **kw)
    else:
        impl = ScalarAttributeImpl(class_, key, callable_, dispatch, **kw)

    manager[key].impl = impl

    if backref:
        backref_listeners(manager[key], backref, uselist)

    manager.post_configure_attribute(key)
    return manager[key]


def register_descriptor(class_, key, comparator=None,
                        parententity=None, doc=None):
    manager = manager_of_class(class_)

    descriptor = InstrumentedAttribute(class_, key, comparator=comparator,
                                       parententity=parententity)

    descriptor.__doc__ = doc

    manager.instrument_attribute(key, descriptor)
    return descriptor


def unregister_attribute(class_, key):
    manager_of_class(class_).uninstrument_attribute(key)


def init_collection(obj, key):
    """Initialize a collection attribute and return the collection adapter.

    This function is used to provide direct access to collection internals
    for a previously unloaded attribute.  e.g.::

        collection_adapter = init_collection(someobject, 'elements')
        for elem in values:
            collection_adapter.append_without_event(elem)

    For an easier way to do the above, see
    :func:`~sqlalchemy.orm.attributes.set_committed_value`.

    obj is an instrumented object instance.  An InstanceState
    is accepted directly for backwards compatibility but
    this usage is deprecated.

    """
    state = instance_state(obj)
    dict_ = state.dict
    return init_state_collection(state, dict_, key)


def init_state_collection(state, dict_, key):
    """Initialize a collection attribute and return the collection adapter."""

    attr = state.manager[key].impl
    user_data = attr.initialize(state, dict_)
    return attr.get_collection(state, dict_, user_data)


def set_committed_value(instance, key, value):
    """Set the value of an attribute with no history events.

    Cancels any previous history present.  The value should be
    a scalar value for scalar-holding attributes, or
    an iterable for any collection-holding attribute.

    This is the same underlying method used when a lazy loader
    fires off and loads additional data from the database.
    In particular, this method can be used by application code
    which has loaded additional attributes or collections through
    separate queries, which can then be attached to an instance
    as though it were part of its original loaded state.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.set_committed_value(state, dict_, value)


def set_attribute(instance, key, value):
    """Set the value of an attribute, firing history events.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to establish attribute state as understood
    by SQLAlchemy.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.set(state, dict_, value, None)


def get_attribute(instance, key):
    """Get the value of an attribute, firing any callables required.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to make usage of attribute state as understood
    by SQLAlchemy.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    return state.manager[key].impl.get(state, dict_)


def del_attribute(instance, key):
    """Delete the value of an attribute, firing history events.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to establish attribute state as understood
    by SQLAlchemy.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.delete(state, dict_)


def flag_modified(instance, key):
    """Mark an attribute on an instance as 'modified'.

    This sets the 'modified' flag on the instance and
    establishes an unconditional change event for the given attribute.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    impl = state.manager[key].impl
    state._modified_event(dict_, impl, NO_VALUE, force=True)
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  Source code for brainscopypaste.utils

"""Miscellaneous utilities.

"""


import logging
import pickle
from contextlib import contextmanager
from itertools import zip_longest
import os

import numpy as np
from langdetect import detect
from langdetect.lang_detect_exception import LangDetectException
from sqlalchemy import create_engine
from decorator import decorate


logger = logging.getLogger(__name__)


[docs]class Namespace:

    """Convert a dict to a namespace by creating a class out of it.

    Parameters
    ----------
    init_dict : dict
        The dict you wish to turn into a namespace.

    """

    def __init__(self, init_dict):
        self.__dict__.update(init_dict)



[docs]def grouper(iterable, n, fillvalue=None):
    """Iterate over `n`-wide slices of `iterable`, filling the
    last slice with `fillvalue`.

    See :func:`grouper_adaptive` for a version of this that doesn't fill the
    last slice.

    """

    args = [iter(iterable)] * n
    return zip_longest(*args, fillvalue=fillvalue)



[docs]def grouper_adaptive(iterable, n):
    """Iterate over `n`-wide slices of `iterable`, ending the last slice once
    `iterable` is empty.

    See :func:`grouper_adaptive` for a version of this that fills the last
    slice with a value of your choosing.

    """

    it = iter(iterable)
    keepgoing = True

    def block():
        nonlocal keepgoing
        for i in range(n):
            try:
                yield next(it)
            except StopIteration:
                keepgoing = False

    while keepgoing:
        yield block()



[docs]class cache:
    """Compute an attribute's value and cache it in the instance.

    This is meant to be used as a decorator on class methods, to turn them into
    cached computed attributes: the value is computed the first time you access
    the attribute, and this decorator then replaces the method with the
    computed value. Any subsequent access gives you the cached value
    immediately.

    Taken from the `Python Cookbook (Denis Otkidach)
    <http://stackoverflow.com/users/168352/denis-otkidach>`_.

    """

    def __init__(self, method, name=None):
        # Record the unbound-method and the name
        self.method = method
        self.name = name or method.__name__
        self.__doc__ = method.__doc__

    def __get__(self, inst, cls):
        # self: <__main__.cache object at 0xb781340c>
        # inst: <__main__.Foo object at 0xb781348c>
        # cls: <class '__main__.Foo'>
        if inst is None:
            # instance attribute accessed on class, return self
            # You get here if you write `Foo.bar`
            return self

        # Compute, cache and return the instance's attribute value
        result = self.method(inst)
        # setattr redefines the instance's attribute so this doesn't
        # get called again
        setattr(inst, self.name, result)
        return result



def _memoize(func, *args, **kwargs):
    # frozenset is used to ensure hashability
    if kwargs:
        key = args, frozenset(kwargs.items())
    else:
        key = args
    # Attribute added by memoized
    cache = func.cache
    if key not in cache:
        cache[key] = func(*args, **kwargs)
    return cache[key]


[docs]def memoized(f):
    """Decorate a function to cache its return value the first time it is
    called.

    If called later with the same arguments, the cached value is returned
    (not reevaluated).

    """

    f.cache = {}

    def drop_cache():
        logger.debug('Dropping cache for %s', f)
        f.cache = {}

    f.drop_cache = drop_cache
    return decorate(f, _memoize)



[docs]def mpl_palette(n_colors, variation='Set2'):  # or variation='colorblind'
    """Get any seaborn palette as a usable matplotlib colormap."""

    import seaborn as sb
    palette = sb.color_palette(variation, n_colors, desat=0.8)
    return (sb.blend_palette(palette, n_colors=n_colors, as_cmap=True),
            sb.blend_palette(palette, n_colors=n_colors))



@contextmanager
[docs]def session_scope():
    """Provide an SQLAlchemy transactional scope around a series of
    operations.

    Wrap your SQLAlchemy operations (queries, insertions, modifications, etc.)
    in a ``with session_scope() as session`` block to deal with sessions
    easily.  Changes are committed when the block finishes. If an exception
    occurrs in the block, the session is rolled back and the exception
    propagated.

    """

    from brainscopypaste.db import Session
    session = Session()
    logger.debug('Opened session %s', session)
    try:
        yield session
        logger.debug('Committing session %s', session)
        session.commit()
    except:
        logger.debug('Rolling back session %s', session)
        session.rollback()
        raise
    finally:
        logger.debug('Closing session %s', session)
        session.close()



[docs]def mkdirp(folder):
    """Create `folder` if it doesn't exist."""

    if not os.path.exists(folder):
        logger.debug("Creating folder '%s'", folder)
        os.makedirs(folder)



[docs]def iter_parent_dirs(rel_dir):
    """Iterate through parent directories of current working directory,
    appending `rel_dir` to those successive directories."""

    d = os.path.abspath('.')
    pd = None
    while pd != d:
        yield os.path.join(d, rel_dir)
        pd = d
        d = os.path.split(d)[0]



[docs]def find_parent_rel_dir(rel_dir):
    """Find a relative directory in parent directories.

    Searches for directory `rel_dir` in all parent directories of the current
    directory.

    Parameters
    ----------
    rel_dir : string
        The relative directory to search for.

    Returns
    -------
    d : string
        Full path to the first found directory.

    Raises
    ------
    NotFoundError
        If no relative directory is found in the parent directories.

    """

    for d in iter_parent_dirs(rel_dir):
        if os.path.exists(d) and os.path.isdir(d):
            return d

    raise NotFoundError('No relative directory found in parent directories')



[docs]class NotFoundError(Exception):
    """Signal a file or directory can't be found."""



@memoized
[docs]def langdetect(sentence):
    """Detect the language of `sentence`."""

    try:
        return detect(sentence)
    except LangDetectException:
        return None



[docs]def execute_raw(engine, statement):
    """Execute the raw SQL statement `statement` on SQLAlchemy engine `engine`.

    Useful to run ANALYZE or VACUUM operations on the database.

    Parameters
    ----------
    engine : :class:`sqlalchemy.engine.Engine`
        The engine to run `statement` on.
    statement : str
        A valid SQL statement for `engine`.

    """

    logger.debug("Raw execution of SQL '%s'", statement)

    connection = engine.connect()
    raw_connection = connection.connection
    old_isolation_level = raw_connection.isolation_level
    raw_connection.set_isolation_level(0)
    with raw_connection.cursor() as cursor:
        cursor.execute(statement)
    raw_connection.set_isolation_level(old_isolation_level)
    connection.close()



@memoized
[docs]def is_same_ending_us_uk_spelling(w1, w2):
    """Test if `w1` and `w2` differ by only the last two letters inverted,
    as in `center`/`centre` (words must be at least 4 letters)."""

    if len(w1) < 4 or len(w2) < 4:
        # Words too short
        return False

    if w1[:-2] != w2[:-2]:
        # There's a change before the last two letters
        return False

    if w1[:-3:-1] == w2[-2:]:
        # The last two letters are inverted
        return True

    return False



@memoized
[docs]def is_int(s):
    """Test if `s` is a string that represents an integer; returns `True` if
    so, `False` in any other case."""

    if not isinstance(s, str) or isinstance(s, bytes):
        return False
    try:
        int(s)
        return True
    except (ValueError, TypeError):
        return False



@memoized
[docs]def levenshtein(s1, s2):
    """Compute the levenshtein distance between strings or lists `s1` and
    `s2`."""

    if len(s1) < len(s2):
        return levenshtein(s2, s1)

    if not s2:
        return len(s1)

    previous_row = range(len(s2) + 1)
    for i, c1 in enumerate(s1):
        current_row = [i + 1]
        for j, c2 in enumerate(s2):
            # previous_row and current_row are one character longer than s2,
            # hence the 'j + 1'
            insertions = previous_row[j + 1] + 1
            deletions = current_row[j] + 1
            substitutions = previous_row[j] + (c1 != c2)
            current_row.append(min(insertions, deletions, substitutions))

        previous_row = current_row

    return previous_row[-1]



@memoized
[docs]def hamming(s1, s2):
    """Compute the hamming distance between strings or lists `s1` and `s2`."""

    if len(s1) != len(s2):
        raise ValueError('Strings must be the same length.')
    else:
        return np.sum(c1 != c2 for c1, c2 in zip(s1, s2))



@memoized
[docs]def sublists(s, l):
    """Get all sublists of `s` of length `l`."""

    if l == 0:
        return ()
    if l > len(s):
        raise ValueError('Sublists must be shorter or as long as source.')
    return tuple(s[i:i + l] for i in range(len(s) - l + 1))



@memoized
[docs]def subhamming(s1, s2):
    """Compute the minimum hamming distance between `s2` and all sublists of
    `s1` as long as `s2`, returning `(distance, sublist start in s1)`."""

    l1 = len(s1)
    l2 = len(s2)

    if l2 == 0:
        return l1, 0

    if l1 < l2:
        raise ValueError('The second string must be shorter or '
                         'as long as the first one.')
    if l1 == l2:
        return hamming(s1, s2), 0

    distances = np.zeros(l1 - l2 + 1)

    for i, subs in enumerate(sublists(s1, l2)):
        distances[i] = hamming(subs, s2)

    amin = np.argmin(distances)
    return int(distances[amin]), amin



[docs]class Stopwords:

    """Detect if a word is a stopword.

    Prefer using this module's :data:`stopwords` instance of this class for
    stopword-checking.

    """

    def __init__(self):
        self._loaded = False

[docs]    def _load(self):
        """Read and load the underlying stopwords file."""

        logger.debug('Loading stopwords')

        from brainscopypaste.conf import settings
        stopwords = set([])
        with open(settings.STOPWORDS) as f:
            for l in f:
                stopwords.add(l.strip().lower())

        self._stopwords = stopwords
        self._loaded = True


    def __contains__(self, word):
        """Test if `word` is a stopword or not."""

        if not self._loaded:
            self._load()
        return word in self._stopwords



#: Instance of :class:`Stopwords` to be used for stopword-testing.
stopwords = Stopwords()


@memoized
[docs]def unpickle(filename):
    """Load a pickle file at path `filename`.

    This function is :func:`memoized` so a file is only loaded the first time.

    """

    with open(filename, 'rb') as file:
        return pickle.load(file)



[docs]def init_db(echo_sql=False):
    """Connect to the database and bind :mod:`.db`'s `Session` object to it.

    Uses the :data:`~.settings.DB_USER` and :data:`~.settings.DB_PASSWORD`
    credentials to connect to PostgreSQL database :data:`~.settings.DB_NAME`.
    It binds the `Session` object in :mod:`.db` to this engine, and returns the
    engine object. Note that once this is done, you can directly use
    :func:`session_scope` since it uses the right `Session` object.

    Parameters
    ----------
    echo_sql : bool, optional
        If `True`, print to stdout all SQL commands sent to the engine;
        defaults to `False`.

    Returns
    -------
    :class:`sqlalchemy.engine.Engine`
        The engine connected to the database.

    """

    from brainscopypaste.db import Base, Session
    from brainscopypaste.conf import settings
    logger.info('Initializing database connection')

    engine = create_engine(
        'postgresql+psycopg2://{user}:{pw}@localhost:5432/{db}'
        .format(user=settings.DB_USER, pw=settings.DB_PASSWORD,
                db=settings.DB_NAME),
        client_encoding='utf8', echo=echo_sql)
    Session.configure(bind=engine)

    logger.info('Database connected')
    logger.debug('Checking tables to create')

    Base.metadata.create_all(engine)
    return engine
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  Source code for brainscopypaste.filter

"""Filter clusters and quotes to clean to MemeTracker dataset.

This module defines the :class:`ClusterFilterMixin` mixin which adds filtering
capabilities to :class:`~.db.Cluster`, and the :func:`filter_clusters` function
which uses that mixin to filter the whole MemeTracker dataset. A few other
utility functions are also defined.

"""


from datetime import timedelta
import logging

import click
from progressbar import ProgressBar
from sqlalchemy import func
import numpy as np

from brainscopypaste.utils import (langdetect, session_scope, execute_raw,
                                   memoized)
from brainscopypaste.conf import settings


logger = logging.getLogger(__name__)


[docs]class AlreadyFiltered(Exception):
    """Exception raised when trying to filter a dataset that has already been
    filtered."""



[docs]def filter_clusters(limit=None):
    """Filter the whole MemeTracker dataset by copying all valid
    :class:`~.db.Cluster`\ s and :class:`~.db.Quote`\ s and setting their
    `filtered` attributes to `True`.

    Iterate through all the MemeTracker :class:`~.db.Cluster`\ s, and filter
    each of them to see if it's worth keeping. If a :class:`~.db.Cluster` is to
    be kept, the function creates a copy of it and all of its kept
    :class:`~.db.Quote`\ s, marking them as filtered. Progress of this
    operation is printed to stdout.

    Once the operation finishes, a VACUUM and an ANALYZE operation are run on
    the database so that it recomputes its optimisations.

    Parameters
    ----------
    limit : int, optional
        If not `None`, stop filtering after `limit` clusters have been seen
        (useful for testing purposes).

    Raises
    ------
    AlreadyFiltered
        If there are already some filtered :class:`~.db.Cluster`\ s or
        :class:`~.db.Quote`\ s stored in the database (indicating another
        filtering operation has already been completed, or started and
        aborted).

    """

    from brainscopypaste.db import Session, Cluster, save_by_copy

    logger.info('Filtering memetracker clusters')
    if limit is not None:
        logger.info('Filtering is limited to %s clusters', limit)

    click.echo('Filtering all clusters{}...'
               .format('' if limit is None else ' (limit={})'.format(limit)))

    # Check this isn't already done.
    with session_scope() as session:

        if session.query(Cluster)\
           .filter(Cluster.filtered.is_(True)).count() > 0:
            raise AlreadyFiltered('There are already some filtered '
                                  'clusters, aborting.')

        query = session.query(Cluster.id)
        if limit is not None:
            query = query.limit(limit)
        cluster_ids = [id for (id,) in query]

    logger.info('Got %s clusters to filter', len(cluster_ids))

    # Filter.
    objects = {'clusters': [], 'quotes': []}

    for cluster_id in ProgressBar()(cluster_ids):
        with session_scope() as session:

            cluster = session.query(Cluster).get(cluster_id)
            fcluster = cluster.filter()

            if fcluster is not None:
                logger.debug('Cluster #%s is kept with %s quotes',
                             cluster.sid, fcluster.size)
                objects['clusters'].append(fcluster)
                objects['quotes'].extend(fcluster.quotes)
            else:
                logger.debug('Cluster #%s is dropped', cluster.sid)

    click.secho('OK', fg='green', bold=True)
    logger.info('Kept %s clusters and %s quotes after filtering',
                len(objects['clusters']), len(objects['quotes']))

    # Save.
    logger.info('Saving filtered clusters to database')
    save_by_copy(**objects)

    # Vacuum analyze.
    logger.info('Vacuuming and analyzing database')
    click.echo('Vacuuming and analyzing... ', nl=False)
    execute_raw(Session.kw['bind'], 'VACUUM ANALYZE')
    click.secho('OK', fg='green', bold=True)



[docs]def _top_id(id):
    """Get the smallest power of ten three orders of magnitude greater than
    `id`.

    Used to compute :func:`filter_cluster_offset` and
    :func:`filter_quote_offset`.

    """

    return int(10 ** (np.floor(np.log10(id)) + 3))



@memoized
[docs]def filter_cluster_offset():
    """Get the offset to add to filtered :class:`~.db.Cluster` ids.

    A filtered :class:`~.db.Cluster`'s id will be its original
    :class:`~.db.Cluster`'s id plus this offset.  The function is
    :func:`~.utils.memoized` since it is called so often.

    """

    from brainscopypaste.db import Cluster
    with session_scope() as session:
        maxid = session.query(func.max(Cluster.id)).scalar()
        return _top_id(maxid)



@memoized
[docs]def filter_quote_offset():
    """Get the offset to add to filtered :class:`~.db.Quote` ids.

    A filtered :class:`~.db.Quote`'s id will be its original
    :class:`~.db.Quote`'s id plus this offset.  The function is
    :func:`~.utils.memoized` since it is called so often.

    """

    from brainscopypaste.db import Quote
    with session_scope() as session:
        maxid = session.query(func.max(Quote.id)).scalar()
        return _top_id(maxid)



[docs]class ClusterFilterMixin:

    """Mixin for :class:`~.db.Cluster`\ s adding the :meth:`filter` method used
    in :func:`filter_clusters`."""

[docs]    def filter(self):
        """Filter this :class:`~.db.Cluster` and its children
        :class:`~.db.Quote`\ s to see if they're worth keeping.

        First, iterate through all the children :class:`~.db.Quote`\ s of the
        cluster, seeing if each one of them is worth keeping. A
        :class:`~.db.Quote` is discarded if it has no urls, less than
        :data:`~.settings.MT_FILTER_MIN_TOKENS`, spans longer than
        :data:`~.settings.MT_FILTER_MAX_DAYS`, or is not in English. Any
        :class:`~.db.Quote` that has none of those problems will be kept.

        If after this filtering there are no :class:`~.db.Quote`\ s left, or
        the :class:`~.db.Cluster` made of the remaining :class:`~.db.Quote`\ s
        still spans longer than :data:`~.settings.MT_FILTER_MAX_DAYS`, the
        cluster and all its quotes will be discarded and `None` is returned.
        If not, a new :class:`~.db.Cluster` is created with `cluster.filtered =
        True` and `cluster.id = original_cluster.id +`
        :func:`filter_cluster_offset`. That new cluster points to copies of all
        the kept :class:`~.db.Quote`\ s, with `quote.filtered = True` and
        `quote.id = original_quote.id +` :func:`filter_quote_offset`. All those
        models (new cluster and new quotes) should later be saved to the
        database (the method does not do it for you), e.g. by running this
        method inside a :func:`~.utils.session_scope`.

        Returns
        -------
        cluster : :class:`~.db.Cluster` or None
            The filtered cluster pointing to filtered quotes, or `None` if it
            is to be discarded.

        Raises
        ------
        AlreadyFiltered
            If this cluster is already filtered (i.e.
            :attr:`~.db.Cluster.filtered` is `True`).

        """

        if self.filtered:
            raise AlreadyFiltered('Cluster is already filtered')

        min_tokens = settings.MT_FILTER_MIN_TOKENS
        max_span = timedelta(days=settings.MT_FILTER_MAX_DAYS)
        fcluster = self.clone(id=filter_cluster_offset() + self.id,
                              filtered=True)

        # Examine each quote for min_tokens, max_days, and language.
        for quote in self.quotes:

            if quote.frequency == 0:
                logger.debug('Dropping quote #%s (cluster #%s): '
                             'no urls', quote.sid, self.sid)
                continue

            if len(quote.tokens) < min_tokens:
                logger.debug('Dropping quote #%s (cluster #%s): '
                             'not enough tokens', quote.sid, self.sid)
                continue

            if quote.span > max_span:
                logger.debug('Dropping quote #%s (cluster #%s): '
                             'span too big', quote.sid, self.sid)
                continue

            if langdetect(quote.string) != 'en':
                logger.debug('Dropping quote #%s (cluster #%s): '
                             'not English', quote.sid, self.sid)
                continue

            logger.debug('Keeping quote #%s (cluster #%s)',
                         quote.sid, self.sid)
            fquote = quote.clone(id=filter_quote_offset() + quote.id,
                                 cluster_id=fcluster.id, filtered=True)
            fcluster.quotes.append(fquote)

        # If no quotes where kept, drop the whole cluster.
        if fcluster.size == 0:
            logger.debug('Dropping cluster #%s: no quotes left', self.sid)
            return

        # Finally, if the new cluster spans too many days, discard it.
        if fcluster.span > max_span:
            logger.debug('Dropping cluster #%s: span too big', self.sid)
            return

        logger.debug('Keeping cluster #%s after filtering', self.sid)
        return fcluster
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  Source code for brainscopypaste.load

"""Load data from various datasets.

This module defines functions and classes to load and parse dataset files.
:func:`load_fa_features` loads Free Association features (using
:class:`FAFeatureLoader`) and :func:`load_mt_frequency_and_tokens` loads
MemeTracker features. Both save their computed features to pickle files for
later use in analyses. :class:`MemeTrackerParser` parses and loads the whole
MemeTracker dataset into the database and is used by :mod:`.cli`.

"""


from datetime import datetime
import re
from codecs import open
import logging
import pickle
from collections import defaultdict

import click
from progressbar import ProgressBar
import networkx as nx

from brainscopypaste.db import Session, Cluster, Quote, Url, save_by_copy
from brainscopypaste.utils import session_scope, execute_raw, cache
from brainscopypaste.features import SubstitutionFeaturesMixin
from brainscopypaste.conf import settings


logger = logging.getLogger(__name__)


[docs]def load_fa_features():
    """Load the Free Association dataset and save all its computed features to
    pickle files.

    FA degree, pagerank, betweenness, and clustering are computed using the
    :class:`FAFeatureLoader` class, and saved respectively to
    :data:`~.settings.DEGREE`, :data:`~.settings.PAGERANK`,
    :data:`~.settings.BETWEENNESS` and :data:`~.settings.CLUSTERING`. Progress
    is printed to stdout.

    """

    logger.info('Computing FreeAssociation features')
    click.echo('Computing FreeAssociation features...')

    loader = FAFeatureLoader()
    degree = loader.degree()
    logger.debug('Saving FreeAssociation degree to pickle')
    with open(settings.DEGREE, 'wb') as f:
        pickle.dump(degree, f)

    pagerank = loader.pagerank()
    logger.debug('Saving FreeAssociation pagerank to pickle')
    with open(settings.PAGERANK, 'wb') as f:
        pickle.dump(pagerank, f)

    betweenness = loader.betweenness()
    logger.debug('Saving FreeAssociation betweenness to pickle')
    with open(settings.BETWEENNESS, 'wb') as f:
        pickle.dump(betweenness, f)

    clustering = loader.clustering()
    logger.debug('Saving FreeAssociation clustering to pickle')
    with open(settings.CLUSTERING, 'wb') as f:
        pickle.dump(clustering, f)

    click.secho('OK', fg='green', bold=True)
    logger.info('Done computing all FreeAssociation features')



[docs]def load_mt_frequency_and_tokens():
    """Compute MemeTracker frequency codings and the list of available tokens.

    Iterate through the whole MemeTracker dataset loaded into the database to
    count word frequency and make a list of tokens encountered. Frequency
    codings are then saved to :data:`~.settings.FREQUENCY`, and the list of
    tokens is saved to :data:`~.settings.TOKENS`. The MemeTracker dataset must
    have been loaded and filtered previously, or an excetion will be raised
    (see :ref:`usage` or :mod:`.cli` for more about that). Progress is printed
    to stdout.

    """

    logger.info('Computing memetracker frequencies and token list')
    click.echo('Computing MemeTracker frequencies and token list...')

    # See if we should count frequency of tokens or lemmas.
    source_type, _ = SubstitutionFeaturesMixin.__features__['frequency']
    logger.info('Frequencies will be computed on %s', source_type)

    with session_scope() as session:
        quote_ids = session.query(Quote.id).filter(Quote.filtered.is_(True))

        # Check we have filtered quotes.
        if quote_ids.count() == 0:
            raise Exception('Found no filtered quotes, aborting.')
        quote_ids = [id for (id,) in quote_ids]

    # Compute frequencies and token list.
    frequencies = defaultdict(int)
    tokens = set()
    for quote_id in ProgressBar()(quote_ids):
        with session_scope() as session:
            quote = session.query(Quote).get(quote_id)
            tokens.update(quote.tokens)
            for word in getattr(quote, source_type):
                frequencies[word] += quote.frequency
    # Convert frequency back to a normal dict.
    frequencies = dict(frequencies)

    logger.debug('Saving memetracker frequencies to pickle')
    with open(settings.FREQUENCY, 'wb') as f:
        pickle.dump(frequencies, f)
    logger.debug('Saving memetracker token list to pickle')
    with open(settings.TOKENS, 'wb') as f:
        pickle.dump(tokens, f)

    click.secho('OK', fg='green', bold=True)
    logger.info('Done computing memetracker frequencies and token list')



[docs]class Parser:

    """Mixin for file parsers providing the :meth:`_skip_header` method.

    Used by :class:`FAFeatureLoader` and :class:`MemeTrackerParser`.

    """

[docs]    def _skip_header(self):
        """Skip `self.header_size` lines in the file `self._file`."""

        for i in range(self.header_size):
            self._file.readline()




[docs]class FAFeatureLoader(Parser):

    """Loader for the Free Association dataset and features.

    This class defines a method to load the FA norms (:meth:`_norms`), utility
    methods to compute the different variants of graphs that can represent the
    norms (:meth:`_norms_graph`, :meth:`_inverse_norms_graph`, and
    :meth:`_undirected_norms_graph`) or to help feature computation
    (:meth:`_remove_zeros`), and public methods that compute features on the FA
    data (:meth:`degree`, :meth:`pagerank`, :meth:`betweenness`, and
    :meth:`clustering`). Use a single class instance to compute all FA
    features.

    """

    #: Size (in lines) of the header in files to be parsed.
    header_size = 4

    @cache
    def _norms(self):
        """Parse the Free Association Appendix A files into `self.norms`.

        After loading, `self.norms` is a dict containing, for each
        (lowercased) cue, a list of tuples. Each tuple represents a word
        referenced by the cue, and is in format `(word, ref, weight)`:
        `word` is the referenced word; `ref` is a boolean indicating
        if `word` has been normed or not; `weight` is the strength of
        the referencing.

        :func:`~.utils.memoized` for performance of the class.

        """

        logger.info('Loading FreeAssociation norms')

        norms = {}
        for filename in settings.FA_SOURCES:
            with open(filename, encoding='iso-8859-2') as self._file:

                self._skip_header()
                for line in self._file:
                    # Exit if we're at the end of the data.
                    if line[0] == '<':
                        break

                    # Parse our line.
                    linefields = line.split(', ')
                    w1 = linefields[0].lower()
                    w2 = linefields[1].lower()
                    ref = linefields[2].lower() == 'yes'
                    weight = float(linefields[5])

                    norm = (w2, ref, weight)
                    try:
                        norms[w1].append(norm)
                    except KeyError:
                        norms[w1] = [norm]

        logger.info('Loaded norms for %s words from FreeAssociation',
                    len(norms))
        return norms

    @cache
    def _norms_graph(self):
        """Get the Free Association weighted directed graph.

        :func:`~.utils.memoized` for performance of the class.

        Returns
        -------
        :func:`networkx.DiGraph`
            The FA weighted directed graph.

        """

        logger.info('Computing FreeAssociation norms directed graph')
        graph = nx.DiGraph()
        graph.add_weighted_edges_from([(w1, w2, weight)
                                       for w1, norm in self._norms.items()
                                       for w2, _, weight in norm
                                       if weight != 0])
        return graph

    @cache
    def _inverse_norms_graph(self):
        """Get the Free Association directed graph with inverted weights.

        This graph is useful for computing e.g. :meth:`betweenness`, where link
        strength should be considered an inverse cost (i.e. a stronger link is
        easier to cross, instead of harder).

        :func:`~.utils.memoized` for performance of the class.

        Returns
        -------
        :func:`networkx.DiGraph`
            The FA inversely weighted directed graph.

        """

        logger.info('Computing FreeAssociation inverse norms directed graph')
        graph = nx.DiGraph()
        graph.add_weighted_edges_from(
            [(w1, w2, 1 / weight) for w1, w2, weight
             in self._norms_graph.edges_iter(data='weight')]
        )
        return graph

    @cache
    def _undirected_norms_graph(self):
        """Get the Free Association weighted undirected graph.

        When a pair of words is connected in both directions, the undirected
        link between the two words receives the sum of the two directed link
        weights. This is used to compute e.g. :meth:`clustering`, which is
        defined on the undirected (but weighted) FA graph.

        :func:`~.utils.memoized` for performance of the class.

        Returns
        -------
        :func:`networkx.Graph`
            The FA weighted undirected graph.

        """

        logger.info('Computing FreeAssociation norms undirected graph')
        graph = nx.Graph()
        for w1, w2, weight in self._norms_graph.edges_iter(data='weight'):
            if graph.has_edge(w1, w2):
                # Add to the existing weight instead of replacing it.
                weight += graph.edge[w1][w2]['weight']
            graph.add_edge(w1, w2, weight=weight)
        return graph

    @classmethod
[docs]    def _remove_zeros(self, feature):
        """Remove key-value pairs where value is zero, in dict `feature`.

        Modifies the provided `feature` dict, and does not return anything.

        Parameters
        ----------
        feature : dict
            Any association of key-value pairs where values are numbers.
            Usually a dict of words to feature values.

        """

        for word in list(feature.keys()):
            if feature[word] == 0:
                del feature[word]


[docs]    def degree(self):
        """Compute in-degree centrality for words coded by Free Association.

        Returns
        -------
        degree : dict
            The association of each word to its in-degree. Each incoming link
            counts as 1 (i.e. link weights are ignored). Words with zero
            incoming links are removed from the dict.

        """

        # Assumes a directed unweighted graph.
        logger.info('Computing FreeAssociation degree')
        degree = nx.in_degree_centrality(self._norms_graph)
        self._remove_zeros(degree)
        logger.info('Done computing FreeAssociation degree')
        return degree


[docs]    def pagerank(self):
        """Compute pagerank centrality for words coded by Free Association.

        Returns
        -------
        pagerank : dict
            The association of each word to its pagerank. FA link weights are
            taken into account in the computation. Words with pagerank zero are
            removed from the dict.

        """

        # Assumes a directed weighted graph.
        logger.info('Computing FreeAssociation pagerank')
        pagerank = nx.pagerank_scipy(self._norms_graph, max_iter=10000,
                                     tol=1e-15, weight='weight')
        self._remove_zeros(pagerank)
        logger.info('Done computing FreeAssociation pagerank')
        return pagerank


[docs]    def betweenness(self):
        """Compute betweenness centrality for words coded by Free Association.

        Returns
        -------
        betweenness : dict
            The association of each word to its betweenness centrality. FA link
            weights are considered as inverse cost in the computation (i.e. a
            stronger link is easier to cross). Words with betweenness zero are
            removed from the dict.

        """

        # Assumes a directed weighted graph.
        logger.info('Computing FreeAssociation betweenness '
                    '(this might take a long time, e.g. 30 minutes)')
        betweenness = nx.betweenness_centrality(self._inverse_norms_graph,
                                                weight='weight')
        self._remove_zeros(betweenness)
        logger.info('Done computing FreeAssociation betweenness')
        return betweenness


[docs]    def clustering(self):
        """Compute clustering coefficient for words coded by Free Association.

        Returns
        -------
        clustering : dict
            The association of each word to its clustering coefficient. FA link
            weights are taken into account in the computation, but direction of
            links is ignored (if words are connected in both directions, the
            link weights are added together). Words with clustering coefficient
            zero are removed from the dict.

        """

        # Assumes an undirected weighted graph.
        logger.info('Computing FreeAssociation clustering')
        clustering = nx.clustering(self._undirected_norms_graph,
                                   weight='weight')
        self._remove_zeros(clustering)
        logger.info('Done computing FreeAssociation clustering')
        return clustering




[docs]class MemeTrackerParser(Parser):

    """Parse the MemeTracker dataset into the database.

    After initialisation, the :meth:`parse` method does all the job. Its
    internal work is done by the utility methods :meth:`_parse`,
    :meth:`_parse_cluster_block` and :meth:`_parse_line` (for actual parsing),
    :meth:`_handle_cluster`, :meth:`_handle_quote` and :meth:`_handle_url` (for
    parsed data handling), and :meth:`_check` (for consistency checking).

    Parameters
    ----------
    filename : str
        Path to the MemeTracker dataset file to parse.
    line_count : int
        Number of lines in `filename`, to help in showing a progress bar.
        Should be computed beforehand with e.g. ``wc -l <filename>``, so python
        doesn't need to load the complete file twice.
    limit : int, optional
        If not `None` (default), stops the parsing once `limit` clusters have
        been read. Useful for testing purposes.

    """

    #: Size (in lines) of the header in the MemeTracker file to be parsed.
    header_size = 6

    def __init__(self, filename, line_count, limit=None):
        """Setup parsing and tracking attributes."""

        self.filename = filename
        self.line_count = line_count
        self.limit = limit

        # Keep track of if we've already parsed or not.
        self.parsed = False

        # Keep track of current cluster and quote.
        self._cluster = None
        self._quote = None

[docs]    def parse(self):
        """Parse the whole MemeTracker file, save, optimise the database, and
        check for consistency.

        Parse the MemeTracker file with :meth:`_parse` to create
        :class:`~.db.Cluster` and :class:`~.db.Quote` database entries
        corresponding to the dataset. The parsed data is then persisted to
        database in one step (with :func:`~.db.save_by_copy`). The database is
        then VACUUMed and ANALYZEd (with :func:`~.utils.execute_raw`) to force
        it to recompute its optimisations. Finally, the consistency of the
        database is checked (with :meth:`_check`) against number of quotes and
        frequency in each cluster of the original file, and against number of
        urls and frequency in each quote of the original file. Progress is
        printed to stdout.

        Note that if `self.limit` is not `None`, parsing will stop after
        `self.limit` clusters have been read.

        Once the parsing is finished, `self.parsed` is set to `True`.

        Raises
        ------
        ValueError
            If this instance has already run a parsing.

        """

        logger.info('Parsing memetracker file')
        if self.limit is not None:
            logger.info('Parsing is limited to %s clusters', self.limit)

        click.echo('Parsing MemeTracker data file into database{}...'
                   .format('' if self.limit is None
                           else ' (limit={})'.format(self.limit)))

        if self.parsed:
            raise ValueError('Parser has already run')

        # +100 is some margin for ProgressBar, otherwise it raises an exception
        # at the *end* of parsing (once the internal count exceeds max_value).
        lines_left = self.line_count - self.header_size + 100
        with open(self.filename, 'rb', encoding='utf8') as self._file, \
                ProgressBar(max_value=lines_left,
                            redirect_stdout=True) as self._bar:
            self._parse()

        click.secho('OK', fg='green', bold=True)
        logger.info('Parsed %s clusters and %s quotes from memetracker file',
                    len(self._objects['clusters']),
                    len(self._objects['quotes']))

        # Save.
        logger.info('Saving parsed clusters to database')
        save_by_copy(**self._objects)
        self._objects = {'clusters': [], 'quotes': []}

        # Vacuum analyze.
        logger.info('Vacuuming and analyzing database')
        click.echo('Vacuuming and analyzing... ', nl=False)
        execute_raw(Session.kw['bind'], 'VACUUM ANALYZE')
        click.secho('OK', fg='green', bold=True)

        # And check.
        logger.info('Checking consistency of the file against the database')
        click.echo('Checking consistency...')
        self._check()

        # Don't do this twice.
        self.parsed = True
        click.secho('All done.', fg='green', bold=True)


[docs]    def _parse(self):
        """Do the actual MemeTracker file parsing.

        Initialises the parsing tracking variables, then delegates each new
        cluster block to :meth:`_parse_cluster_block`. Parsed clusters and
        quotes are stored as :class:`~.db.Cluster`\ s and
        :class:`~.db.Quote`\ s in `self._objects` (to be saved later in
        :meth:`parse`). Frequency and url counts for clusters and quotes are
        saved in `self._checks` for later checking in :meth:`parse`.

        """

        # The first lines are not data.
        self._skip_header()

        # Initialize the parsing with the first line.
        self._cluster_line = self._file.readline()
        self._clusters_read = 0
        self._lines_read = 1
        self._bar.update(self._lines_read)

        # Results to be saved and checks to be done.
        self._objects = {'clusters': [], 'quotes': []}
        self._checks = {}

        while self._cluster_line is not None:
            logger.debug("Parsing new cluster ('%s')", self._cluster_line[:-1])
            self._parse_cluster_block()


[docs]    def _check(self):
        """Check the consistency of the database with `self._checks`.

        The original MemeTracker dataset specifies the number of quotes and
        frequency for each cluster, and the number of urls and frequency for
        each quote. This information is saved in `self._checks` during parsing.
        This method iterates through the whole database of saved
        :class:`~.db.Cluster`\ s and :class:`~.db.Quote`\ s to check that their
        counts correspond to what the MemeTracker dataset says (as stored in
        `self._checks`).

        Raises
        ------
        ValueError
            If any count in the database differs from its specification in
            `self._checks`.

        """

        for id, check in ProgressBar()(self._checks.items()):
            logger.debug('Checking cluster #%s consistency', id)

            with session_scope() as session:
                # Check the cluster itself.
                cluster = session.query(Cluster).get(id)
                err_end = (' #{} does not match value'
                           ' in file').format(cluster.sid)
                if check['cluster']['size'] != cluster.size:
                    raise ValueError("Cluster size" + err_end)
                if check['cluster']['frequency'] != cluster.frequency:
                    raise ValueError("Cluster frequency" + err_end)

                # Check each quote.
                for quote in cluster.quotes:
                    quote_check = check['quotes'][quote.id]
                    err_end = (' #{} does not match value'
                               ' in file').format(quote.sid)
                    if quote_check['size'] != quote.size:
                        raise ValueError("Quote size" + err_end)
                    if quote_check['frequency'] != quote.frequency:
                        raise ValueError("Quote frequency" + err_end)

        self._checks = {}


[docs]    def _parse_cluster_block(self):
        """Parse a block of lines representing a cluster in the source
        MemeTracker file.

        The :class:`~.db.Cluster` itself is first created from
        `self._cluster_line` with :meth:`_handle_cluster`, then each following
        line is delegated to :meth:`_handle_quote` or :meth:`_handle_url` until
        exhaustion of this cluster block. During the parsing of this cluster,
        `self._cluster` holds the current cluster being filled and
        `self._quote` the current quote (both are cleaned up when the method
        finishes). At the end of this block, the method increments
        `self._clusters_read` and sets `self._cluster_line` to the line
        defining the next cluster, or `None` if the end of file or `self.limit`
        was reached.

        Raises
        ------
        ValueError
            If `self._cluster_line` is not a line defining a new cluster.

        """

        # Check we have a cluster line and parse it.
        tipe, fields = self._parse_line(self._cluster_line)
        # If self._cluster_line stays None, _parse() stops.
        # So it's filled further down when we get to the next cluster
        # definition line (unless self.limit says we should read
        # only a subset of all clusters).
        self._cluster_line = None
        if tipe != 'cluster':
            raise ValueError("Our supposed cluster_line ('{}', line {}) "
                             "is not a cluster line!"
                             .format(self._cluster_line,
                                     self._lines_read + self.header_size))

        # Create the cluster.
        self._handle_cluster(fields)

        # Keep reading until the next cluster, or exhaustion.
        for line in self._file:
            self._lines_read += 1
            self._bar.update(self._lines_read)

            tipe, fields = self._parse_line(line)
            if tipe == 'cluster':
                break
            elif tipe == 'quote':
                self._handle_quote(fields)
            elif tipe == 'url':
                self._handle_url(fields)

        # If we just saw a new cluster, feed that new cluster_line
        # for the next cluster, unless asked to stop.
        self._clusters_read += 1
        if (tipe == 'cluster' and
                (self.limit is None or self._clusters_read < self.limit)):
            self._cluster_line = line

        # Clean up.
        self._cluster = None
        self._quote = None


    @classmethod
[docs]    def _parse_line(self, line):
        """Parse `line` to determine if it's a cluster-, quote- or url-line, or
        anything else.

        Parameters
        ----------
        line : str
            A line from the MemeTracker dataset to parse.

        Returns
        -------
        tipe : str in {'cluster', 'quote', 'url'} or None
            The type of object that `line` defines; `None` if unknown or empty
            line.
        fields : list of str
            List of the tab-separated fields in `line`.

        """

        line0 = re.split(r'[\xa0\s+\t\r\n]+', line)
        if line0[0] != '':
            tipe = 'cluster'
        elif line[0] == '\t' and line[1] != '\t':
            tipe = 'quote'
        elif line[0] == '\t' and line[1] == '\t' and line[2] != '\t':
            tipe = 'url'
        else:
            tipe = None
        return tipe, re.split(r'[\t\r\n]', line)


[docs]    def _handle_cluster(self, fields):
        """Handle a list of cluster fields to create a new :class:`~.db.Cluster`.

        The newly created :class:`~.db.Cluster` is appended to
        `self._objects['clusters']`, and corresponding fields are created in
        `self._checks`.

        Parameters
        ----------
        fields : list of str
            List of fields defining the new cluster, as returned by
            :meth:`_parse_line`.

        """

        id = int(fields[3])
        self._cluster = Cluster(id=id, sid=id, filtered=False,
                                source='memetracker')
        self._objects['clusters'].append(self._cluster)

        # Save checks for later on.
        cluster_size = int(fields[0])
        cluster_frequency = int(fields[1])
        self._checks[self._cluster.id] = {
            'quotes': {},
            'cluster': {
                'size': cluster_size,
                'frequency': cluster_frequency
            }
        }


[docs]    def _handle_quote(self, fields):
        """Handle a list of quote fields to create a new :class:`~.db.Quote`.

        The newly created :class:`~.db.Quote` is appended to
        `self._objects['quotes']`, and corresponding fields are created in
        `self._checks`.

        Parameters
        ----------
        fields : list of str
            List of fields defining the new quote, as returned by
            :meth:`_parse_line`.

        """

        id = int(fields[4])
        self._quote = Quote(cluster_id=self._cluster.id, id=id, sid=id,
                            filtered=False, string=fields[3])
        self._objects['quotes'].append(self._quote)

        # Save checks for later on.
        quote_size = int(fields[2])
        quote_frequency = int(fields[1])
        self._checks[self._cluster.id]['quotes'][self._quote.id] = {
            'size': quote_size,
            'frequency': quote_frequency
        }


[docs]    def _handle_url(self, fields):
        """Handle a list of url fields to create a new :class:`~.db.Url`.

        The newly created :class:`~.db.Url` is stored on `self._quote` which
        holds the currently parsed quote.

        Parameters
        ----------
        fields : list of str
            List of fields defining the new url, as returned by
            :meth:`_parse_line`.

        """

        timestamp = datetime.strptime(fields[2], '%Y-%m-%d %H:%M:%S')
        assert timestamp.tzinfo is None

        url = Url(timestamp=timestamp, frequency=int(fields[3]),
                  url_type=fields[4], url=fields[5])
        self._quote.add_url(url)
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  Source code for brainscopypaste.cli

"""CLI tool for stepping through the analysis.

Once you have the environment properly set up (see :ref:`setup`), invoke this
tool with ``brainscopypaste <command>``.

The documentation for this tool can be explored using ``brainscopypaste
--help`` or ``brainscopypaste <command> --help``. If you are viewing these docs
in the browser, you will only see docstrings for convenience functions in the
module. The other docstrings appear in the source code, but are best explored
by calling the tool with ``--help``.

"""


from os.path import exists, basename, split, join
from os import remove
import logging
import re

import click
import nbformat
from traitlets.config import Config
from nbconvert.exporters import Exporter

from brainscopypaste.db import Base, Cluster, Substitution
from brainscopypaste.utils import session_scope, init_db, mkdirp
from brainscopypaste.load import (MemeTrackerParser, load_fa_features,
                                  load_mt_frequency_and_tokens)
from brainscopypaste.filter import filter_clusters
from brainscopypaste.mine import (mine_substitutions_with_model, Time, Source,
                                  Past, Durl, Model)
from brainscopypaste.conf import settings


logger = logging.getLogger(__name__)


@click.group()
@click.option('--echo-sql', is_flag=True)
@click.option('--log', default='info', type=click.Choice(['info', 'debug']),
              help='Set log level')
@click.option('--log-file', default=None, type=click.Path(),
              help='Log to this file instead of stdout')
@click.pass_obj
def cli(obj, echo_sql, log, log_file):
    """BrainsCopyPaste analysis of the MemeTracker data."""

    # Configure logging and silence TreeTagger logs.
    loglevel = getattr(logging, log.upper())
    logging.basicConfig(format='%(asctime)s [%(levelname)s] %(name)s: '
                        '%(message)s', level=loglevel, filename=log_file)
    logging.getLogger('TreeTagger').setLevel(logging.WARNING)
    logger.debug('Logging configured')

    # Save config.
    obj['ECHO_SQL'] = echo_sql
    obj['engine'] = init_db(obj['ECHO_SQL'])


@cli.group()
def drop():
    """Drop parts of (or all) the database."""


[docs]def confirm(fillin):
    """Ask the user to confirm they want to drop the content described by
    `fillin`."""

    text = "About to drop {}. Are you sure? (type 'yes') ".format(fillin)
    click.secho(text, nl=False, fg='red', bold=True)
    answer = input()

    if answer == 'yes':
        return True
    else:
        click.secho("Good. Aborting.")
        return False



@drop.command(name='all')
@click.pass_obj
def drop_all(obj):
    """Empty the whole database and all features."""

    if confirm('the whole database and all features'):
        logger.info('Emptying database')
        click.secho('Emptying database... ', nl=False)

        Base.metadata.drop_all(bind=obj['engine'])

        click.secho('OK', fg='green', bold=True)
        logger.info('Done emptying database')

        _drop_features()


@drop.command(name='filtered')
@click.pass_obj
def drop_filtered(obj):
    """Drop filtered rows (Clusters, Quotes)."""

    click.secho('Dropping filtered rows will also drop any substitutions '
                'mined beforehand', bold=True)

    if confirm('the filtered rows (clusters, quotes) and '
               'any mined substitutions attached to them'):
        logger.info('Dropping filtered rows (quotes and clusters) and '
                    'substitutions from database')

        with session_scope() as session:
            click.secho('Dropping filtered rows and substitutions... ',
                        nl=False)
            session.query(Cluster).filter(Cluster.filtered.is_(True))\
                   .delete(synchronize_session=False)

        click.secho('OK', fg='green', bold=True)
        logger.info('Done dropping filtered rows and substitutions')


@drop.command(name='substitutions')
@click.pass_obj
def drop_substitutions(obj):
    """Drop Substitutions."""

    if confirm('the mined substitutions'):
        logger.info('Dropping substitutions from database')
        click.secho('Dropping mined substitutions... ', nl=False)

        Substitution.__table__.drop(bind=obj['engine'])

        click.secho('OK', fg='green', bold=True)
        logger.info('Done dropping substitutions')


[docs]def _drop_features():
    """Drop computed features from the filesystem."""

    logger.info('Dropping computed features from filesystem')
    click.secho('Dropping computed features... ', nl=False)

    for file in [settings.DEGREE, settings.PAGERANK, settings.BETWEENNESS,
                 settings.CLUSTERING, settings.FREQUENCY, settings.TOKENS]:
        if exists(file):
            logger.debug("Dropping '%s'", basename(file))
            remove(file)
        else:
            logger.debug("'%s' not present, no need to drop it",
                         basename(file))

    click.secho('OK', fg='green', bold=True)
    logger.info('Done dropping features')



@drop.command(name='features')
def drop_features():
    """Drop computed features."""
    if confirm('the computed features'):
        _drop_features()


@cli.group()
def load():
    """Source database loading."""


@load.command(name='memetracker')
@click.option('--limit', default=None, type=int,
              help='Limit number of clusters processed')
def load_memetracker(limit):
    """Load MemeTracker data into SQL."""

    logger.info('Starting load of memetracker data into database')
    MemeTrackerParser(settings.MT_SOURCE, line_count=settings.MT_LENGTH,
                      limit=limit).parse()
    logger.info('Done loading memetracker data into database')


@load.command(name='features')
def load_features():
    """Compute features and save them to pickle."""

    logger.info('Starting computation of features')
    load_mt_frequency_and_tokens()
    load_fa_features()
    logger.info('Done computing and saving features')


@cli.group()
def filter():
    """Source database filtering."""


@filter.command(name='memetracker')
@click.option('--limit', default=None, type=int,
              help='Limit number of clusters processed')
def filter_memetracker(limit):
    """Filter MemeTracker data."""

    logger.info('Starting filtering of memetracker data')
    filter_clusters(limit=limit)
    logger.info('Done filtering memetracker data')


@cli.group()
def mine():
    """Mine the database."""


@mine.command(name='substitutions')
@click.argument('time', type=click.Choice(map('{}'.format, Time)))
@click.argument('source', type=click.Choice(map('{}'.format, Source)))
@click.argument('past', type=click.Choice(map('{}'.format, Past)))
@click.argument('durl', type=click.Choice(map('{}'.format, Durl)))
@click.argument('max_distance',
                type=click.IntRange(1, settings.MT_FILTER_MIN_TOKENS // 2))
@click.option('--limit', default=None, type=int,
              help='Limit number of clusters processed')
def mine_substitutions(time, source, past, durl, max_distance, limit):
    """Mine the database for substitutions."""

    time, source, past, durl = map(lambda s: s.split('.')[1],
                                   [time, source, past, durl])
    model = Model(time=Time[time], source=Source[source], past=Past[past],
                  durl=Durl[durl], max_distance=max_distance)

    logger.info('Starting substitution mining in memetracker data')
    if limit is not None:
        logger.info('Substitution mining is limited to %s clusters', limit)
    logger.info('Substitution model is %s', model)

    mine_substitutions_with_model(model, limit=limit)
    logger.info('Done mining substitutions in memetracker data')


@cli.command()
@click.argument('time', type=click.Choice(map('{}'.format, Time)))
@click.argument('source', type=click.Choice(map('{}'.format, Source)))
@click.argument('past', type=click.Choice(map('{}'.format, Past)))
@click.argument('durl', type=click.Choice(map('{}'.format, Durl)))
@click.argument('max_distance',
                type=click.IntRange(1, settings.MT_FILTER_MIN_TOKENS // 2))
@click.argument('notebook_path', metavar='NOTEBOOK',
                type=click.Path(exists=True))
def variant(time, source, past, durl, max_distance, notebook_path):
    """Generate and run a variant of an analysis notebook based on a specific
    substitution-detection model."""

    # Create the model defined on the command line.
    time, source, past, durl = map(lambda s: s.split('.')[1],
                                   [time, source, past, durl])
    model = Model(time=Time[time], source=Source[source], past=Past[past],
                  durl=Durl[durl], max_distance=max_distance)
    notebook_folder, notebook_file = split(notebook_path)
    variant_path = settings.NOTEBOOK.format(model=model,
                                            notebook=notebook_file)
    _, variant_file = split(variant_path)

    # Read the source notebook and generate the appropriate variant.
    if not exists(notebook_path):
        raise Exception("Couldn't find notebook '{}'".format(notebook_path))
    logger.debug("Reading notebook '{}'".format(notebook_file))
    with open(notebook_path) as f:
        notebook = nbformat.read(f, as_version=4)

    logger.info("Creating notebook '{}'".format(variant_file))
    model_str = '{}'.format(model)
    for cell in notebook.cells:
        cell['source'] = re.sub(r'Model\(.*?\)', model_str, cell['source'])

    # Execute the notebook and extract its figures.
    logger.info("Executing and extracting figures from notebook '{}'"
                .format(variant_file))
    config = Config()
    config.Exporter.preprocessors = [
        'nbconvert.preprocessors.ExecutePreprocessor',
        'nbconvert.preprocessors.ExtractOutputPreprocessor'
    ]
    config.ExecutePreprocessor.timeout = 12 * 3600
    exporter = Exporter(config=config)
    variant, resources = exporter.from_notebook_node(notebook, {
        'metadata': {'path': notebook_folder},
        'unique_key': 'figure'
    })

    # Save the resulting notebook and figures.
    logger.debug("Saving notebook '{}'".format(variant_file))
    with open(variant_path, 'wt') as f:
        nbformat.write(variant, f)

    logger.debug("Saving figures from notebook '{}'".format(variant_file))
    figures_dir = settings.FIGURE_VARIANTS.format(
        notebook=notebook_file, model=model)
    mkdirp(figures_dir)
    for figure_file, figure_data in resources['outputs'].items():
        with open(join(figures_dir, figure_file), 'wb') as f:
            f.write(figure_data)


[docs]def cliobj():
    """Convenience function to launch the CLI tool, used by the `setup.py`
    script."""
    cli(obj={})



if __name__ == '__main__':
    cliobj()
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  Source code for brainscopypaste.db

"""Database models and related utilities.

This module defines the database structure underlying storage for the analysis.
This consists in models that get turned into PostgreSQL tables by `SQLAlchemy
<http://www.sqlalchemy.org/>`_, along with a few utility classes, functions and
exceptions around them.

:class:`Cluster` and :class:`Quote` represent respectively an individual
cluster or quote from the MemeTracker data set. :class:`Url` represents a quote
occurrence, and those are stored as attributes of :class:`Quote`\ s (as opposed
to in their own table). :class:`Substitution` represents an individual
substitution mined with a given substitution :class:`~.mine.Model`.

Each model (except :class:`Url`, which doesn't have its own table) inherits the
:class:`BaseMixin`, which defines the table name, `id` field, and provides a
common :meth:`~BaseMixin.clone` method.

On top of that, models define a few computed properties (using the
:class:`.utils.cache` decorator) which provide useful information that doesn't
need to be stored directly in the database (storing that in the database would
make first access faster, but introduces more possibilities of inconsistent
data if updates don't align well). :class:`Cluster` and :class:`Substitution`
also inherit functionality from the :mod:`.mine`, :mod:`.filter` and
:mod:`.features` modules, which you can inspect for more details.

Finally, this module defines :func:`save_by_copy`, a useful function to
efficiently import clusters and quotes in bulk into the database.

"""


import re
from io import StringIO
import logging

import click
from sqlalchemy import Column, Integer, String, Boolean, ForeignKey, cast
from sqlalchemy.orm import relationship, sessionmaker
from sqlalchemy.ext.declarative import declarative_base, declared_attr
from sqlalchemy.types import DateTime, Enum, TypeDecorator
from sqlalchemy.dialects.postgresql import ARRAY

from brainscopypaste.utils import cache, session_scope
from brainscopypaste.filter import ClusterFilterMixin
from brainscopypaste.mine import (SubstitutionValidatorMixin,
                                  ClusterMinerMixin, Model, Time, Source,
                                  Past, Durl)
from brainscopypaste.features import SubstitutionFeaturesMixin


logger = logging.getLogger(__name__)
Base = declarative_base()
Session = sessionmaker()


[docs]class BaseMixin:

    """Common mixin for all models defining a table name, an `id` field, and a
    `clone()` method."""

    @declared_attr
    def __tablename__(cls):
        """Compute the table name from the class name."""

        return cls.__name__.lower()

    #: Primary key for the table.
    id = Column(Integer, primary_key=True)

[docs]    def clone(self, **fields):
        """Clone a model instance, excluding the original `id` and optionally
        setting some fields to values provided as arguments.

        Give the fields to override as keyword arguments, their values will be
        set on the cloned instance. Any field that is not a known table column
        is ignored.

        """

        columns = self.__mapper__.columns.keys()
        columns.remove('id')
        for field in fields.keys():
            try:
                columns.remove(field)
            except ValueError:
                pass

        init = {}
        for column in columns:
            init[column] = getattr(self, column)

        for arg, value in fields.items():
            init[arg] = value

        return self.__class__(**init)




[docs]class Cluster(Base, BaseMixin, ClusterFilterMixin, ClusterMinerMixin):

    """Represent a MemeTracker cluster of quotes in the database.

    Attributes below are defined as class attributes or
    :class:`~.utils.cache`\ d methods, but they appear as instance attributes
    when you have an actual cluster instance. For instance, if `cluster` is a
    :class:`Cluster` instance, `cluster.size` will give you that instance's
    :attr:`size`.

    See Also
    --------
    .filter.ClusterFilterMixin, .mine.ClusterMinerMixin

    """

    #: Id of the cluster that originated this instance, i.e. the id as it
    #: appears in the MemeTracker data set.
    sid = Column(Integer, nullable=False)
    #: Boolean indicating whether this cluster is part of the filtered (and
    #: kept) set of clusters or not.
    filtered = Column(Boolean, default=False, nullable=False)
    #: Source data set from which this cluster originated. Currently this is
    #: always `memetracker`.
    source = Column(String, nullable=False)
    #: List of :class:`Quote`\ s in this cluster (this is a dynamic
    #: relationship on which you can run queries).
    quotes = relationship('Quote', back_populates='cluster', lazy='dynamic',
                          cascade='all, delete-orphan', passive_deletes=True)

    #: Tuple of column names that are used by :meth:`format_copy`.
    format_copy_columns = ('id', 'sid', 'filtered', 'source')

[docs]    def format_copy(self):
        """Create a string representing the cluster in a
        :meth:`cursor.copy_from` or :func:`_copy` call."""

        base = ('{cluster.id}\t{cluster.sid}\t{cluster.filtered}\t'
                '{cluster.source}')
        return base.format(cluster=self)


    @cache
    def size(self):
        """Number of quotes in the cluster."""

        return self.quotes.count()

    @cache
    def size_urls(self):
        """Number of urls of all the quotes in the cluster (i.e. not counting
        url frequencies)

        Look at :attr:`frequency` for a count that takes url frequencies into
        account.

        """

        return sum(quote.size for quote in self.quotes.all())

    @cache
    def frequency(self):
        """Complete number of occurrences of all the quotes in the cluster
        (i.e. counting url frequencies).

        Look at :attr:`size_urls` for a count that ignores url frequencies.

        """

        return sum(url.frequency for url in self.urls)

    @cache
    def urls(self):
        """Unordered list of :class:`Url`\ s of all the quotes in the
        cluster."""

        urls = []
        for quote in self.quotes.all():
            urls.extend(quote.urls)
        return sorted(urls, key=lambda url: url.timestamp)

    @cache
    def span(self):
        """Span of the cluster (as a :class:`~datetime.timedelta`), from first
        to last occurrence.

        Raises
        ------
        ValueError
            If no urls are defined on any quotes of the cluster.

        """

        if self.size_urls == 0:
            raise ValueError('No urls defined on any quotes of this cluster '
                             "yet, span doesn't make sense.")
        timestamps = []
        for quote in self.quotes.all():
            timestamps.extend(quote.url_timestamps)
        return abs(max(timestamps) - min(timestamps))



[docs]class ArrayOfEnum(ARRAY):

    """ARRAY of ENUMs column type, which is not directly supported by DBAPIs.

    This workaround is provided by `SQLAchemy's documentation
    <http://docs.sqlalchemy.org/en/rel_1_0/dialects/postgresql.html#using-enum-with-array>`_.

    """

    def bind_expression(self, bindvalue):
        return cast(bindvalue, self)

    def result_processor(self, dialect, coltype):
        super_rp = super(ArrayOfEnum, self).result_processor(
            dialect, coltype)

        def handle_raw_string(value):
            inner = re.match(r"^{(.*)}$", value).group(1)
            return inner.split(",") if inner else []

        def process(value):
            if value is None:
                return None
            return super_rp(handle_raw_string(value))
        return process



#: :class:`sqlalchemy.types.Enum` of possible types of :class:`Url`\ s from
#: the MemeTracker data set.
url_type = Enum('B', 'M', name='url_type', metadata=Base.metadata)


[docs]class SealedException(Exception):
    """Exception raised when trying to edit a model on which
    :class:`~.utils.cache`\ d methods have already been accessed."""



[docs]class Quote(Base, BaseMixin):

    """Represent a MemeTracker quote in the database.

    Attributes below are defined as class attributes or
    :class:`~.utils.cache`\ d methods, but they appear as instance attributes
    when you have an actual quote instance. For instance, if `quote` is a
    :class:`Quote` instance, `quote.size` will give you that instance's
    :attr:`size`.

    Note that children :class:`Url`\ s are stored directly inside this model
    through lists of url attributes, where a given url is defined by items at
    the same index in the various lists. This is an internal detail, and you
    should use the :attr:`urls` attribute to directly get a list of
    :class:`Url` objects.

    """

    #: Parent cluster id.
    cluster_id = Column(Integer, ForeignKey('cluster.id', ondelete='CASCADE'),
                        nullable=False)
    #: Parent :class:`Cluster`.
    cluster = relationship('Cluster', back_populates='quotes')
    #: Id of the quote that originated this instance, i.e. the id as it
    #: appears in the MemeTracker data set.
    sid = Column(Integer, nullable=False)
    #: Boolean indicating whether this quote is part of the filtered (and kept)
    #: set of quotes or not.
    filtered = Column(Boolean, default=False, nullable=False)
    #: Text of the quote.
    string = Column(String, nullable=False)
    #: List of :class:`~datetime.datetime`\ s representing the times at which
    #: children urls appear.
    url_timestamps = Column(ARRAY(DateTime), default=[], nullable=False)
    #: List of `int`\ s representing the frequencies of children urls (i.e. how
    #: many times the quote string appears at each url).
    url_frequencies = Column(ARRAY(Integer), default=[], nullable=False)
    #: List of :data:`url_type`\ s representing the types of the children urls.
    url_url_types = Column(ArrayOfEnum(url_type), default=[], nullable=False)
    #: List of `str`\ s representing the URIs of the children urls.
    url_urls = Column(ARRAY(String), default=[], nullable=False)
    #: List of :class:`Substitution`\ s for which this quote is the source
    #: (this is a dynamic relationship on which you can run queries).
    substitutions_source = relationship(
        'Substitution', back_populates='source', lazy='dynamic',
        foreign_keys='Substitution.source_id',
        cascade='all, delete-orphan', passive_deletes=True)
    #: List of :class:`Substitution`\ s for which this quote is the destination
    #: (this is a dynamic relationship on which you can run queries).
    substitutions_destination = relationship(
        'Substitution', back_populates='destination', lazy='dynamic',
        foreign_keys='Substitution.destination_id',
        cascade='all, delete-orphan', passive_deletes=True)

    #: Tuple of column names that are used by :meth:`format_copy`.
    format_copy_columns = ('id', 'cluster_id', 'sid', 'filtered', 'string',
                           'url_timestamps', 'url_frequencies',
                           'url_url_types', 'url_urls')

[docs]    def format_copy(self):
        """Create a string representing the quote and all its children urls in
        a :meth:`cursor.copy_from` or :func:`_copy` call."""

        base = '{quote.id}\t{quote.cluster_id}\t{quote.sid}\t{quote.filtered}'
        parts = [base.format(quote=self)]
        # Backslashes must be escaped otherwise PostgreSQL interprets them
        # in its own way (see
        # http://www.postgresql.org/docs/current/interactive/sql-copy.html).
        parts.append(self.string.replace('\\', '\\\\'))
        timestamps = [url.timestamp for url in self.urls]
        frequencies = [url.frequency for url in self.urls]
        url_types = [url.url_type for url in self.urls]
        parts.append('{' +
                     ', '.join(map('{}'.format, timestamps)) +
                     '}')
        parts.append('{' +
                     ', '.join(map('{}'.format, frequencies)) +
                     '}')
        parts.append('{' +
                     ', '.join(map('{}'.format, url_types)) +
                     '}')
        # Two levels of escaping backslashes and double quotes too here.
        # (See http://www.postgresql.org/docs/9.5/static/arrays.html).
        urls = [url.url.replace('\\', '\\\\').replace('"', '\\"')
                for url in self.urls]
        parts.append(
            "{" +
            ', '.join(map('"{}"'.format, urls)).replace('\\', '\\\\') +
            "}"
        )
        return '\t'.join(parts)


    @cache
    def size(self):
        """Number of urls in the quote.

        Look at :attr:`frequency` for a count that takes url frequencies into
        account.

        """

        if self.url_timestamps is None:
            return 0
        return len(self.url_timestamps)

    @cache
    def frequency(self):
        """Complete number of occurrences of the quote (i.e. counting url
        frequencies).

        Look at :attr:`size` for a count that ignores url frequencies.

        """

        if self.size == 0:
            return 0
        return sum(self.url_frequencies)

    @cache
    def span(self):
        """Span of the quote (as a :class:`~datetime.timedelta`), from first to
        last occurrence.

        Raises
        ------
        ValueError
            If no urls are defined on the quote.

        """

        if self.size == 0:
            raise ValueError('No urls defined on this quote yet, '
                             "span doesn't make sense.")
        timestamps = self.url_timestamps
        return abs(max(timestamps) - min(timestamps))

    @cache
    def tags(self):
        """List of TreeTagger POS tags of the tokens in the quote's :attr:`string`.

        Raises
        ------
        ValueError
            If the quote's :attr:`string` is `None`.

        """

        if self.string is None:
            raise ValueError('No string defined on this quote yet, '
                             "tags doesn't make sense.")
        from brainscopypaste import tagger
        return tagger.tags(self.string)

    @cache
    def tokens(self):
        """List of the tokens in the quote's :attr:`string`.

        Raises
        ------
        ValueError
            If the quote's :attr:`string` is `None`.

        """

        if self.string is None:
            raise ValueError('No string defined on this quote yet, '
                             "tokens doesn't make sense.")
        from brainscopypaste import tagger
        return tagger.tokens(self.string)

    @cache
    def lemmas(self):
        """List of the lemmas in the quote's :attr:`string`.

        Raises
        ------
        ValueError
            If the quote's :attr:`string` is `None`.

        """

        if self.string is None:
            raise ValueError('No string defined on this quote yet, '
                             "lemmas doesn't make sense.")
        from brainscopypaste import tagger
        return tagger.lemmas(self.string)

    @cache
    def urls(self):
        """Unordered list of :class:`Url`\ s of the quote; use this to access
        urls of the quote, instead of the `url_*` attributes."""

        if self.size == 0:
            return []
        return sorted([Url(timestamp, frequency, url_type, url, quote=self)
                       for (timestamp, frequency, url_type, url)
                       in zip(self.url_timestamps, self.url_frequencies,
                              self.url_url_types, self.url_urls)],
                      key=lambda url: url.timestamp)

[docs]    def add_url(self, url):
        """Add a :class:`Url` to the quote.

        The change is not automatically saved. If you want to persist this to
        the database, you should do it inside a session and commit afterwards
        (e.g. using :func:`~.utils.session_scope`).

        Parameters
        ----------
        url : :class:`Url`
            The url to add to the quote.

        Raises
        ------
        SealedException
            If the :attr:`urls` attribute has already been accessed; since that
            attribute is :class:`~.utils.cache`\ d, adding a url to the quote
            would invalidate the value.

        """

        if 'urls' in self.__dict__:
            raise SealedException('self.urls has already been accessed, '
                                  'cannot add more urls')
        self.url_timestamps = (self.url_timestamps or []) + [url.timestamp]
        self.url_frequencies = (self.url_frequencies or []) + [url.frequency]
        self.url_url_types = (self.url_url_types or []) + [url.url_type]
        self.url_urls = (self.url_urls or []) + [url.url]


[docs]    def add_urls(self, urls):
        """Add a list of :class:`Url`\ s to the quote.

        As for :meth:`add_url`, the changes are not automatically saved. If you
        want to persist this to the database, you should do it inside a session
        and commit afterwards (e.g. using :func:`~.utils.session_scope`).

        Parameters
        ----------
        urls : list of :class:`Url`\ s
            The urls to add to the quote.

        Raises
        ------
        SealedException
            If the :attr:`urls` attribute has already been accessed; since that
            attribute is :class:`~.utils.cache`\ d, adding urls to the quote
            would invalidate the value.

        """

        for url in urls:
            self.add_url(url)




[docs]class Url:

    """Represent a MemeTracker url in a :class:`Quote` in the database.

    The url :attr:`occurrence` is defined below as a :class:`~.utils.cache`\ d
    method, but it appears as an instance attribute when you have an actual url
    instance. For instance, if `url` is a :class:`Url` instance,
    `url.occurrence` will give you that url's :attr:`occurrence`.

    Note that :class:`Url`\ s are stored directly inside :class:`Quote`
    instances, and don't have a dedicated database table.

    Attributes
    ----------
    quote : :class:`Quote`
        Parent quote.
    timestamp : :class:`~datetime.datetime`
        Time at which the url occurred.
    frequency : int
        Number of times the quote string appears at this url.
    url_type : :data:`url_type`
        Type of this url.
    url : str
        URI of this url.

    """

    def __init__(self, timestamp, frequency, url_type, url, quote=None):
        self.quote = quote
        self.timestamp = timestamp
        self.frequency = frequency
        self.url_type = url_type
        self.url = url

    def __key(self):
        """Unique identifier for this url, used to compute e.g. equality
        between two :class:`Url` instances."""

        return (self.quote, self.timestamp, self.frequency,
                self.url_type, self.url)

    def __eq__(self, other):
        """Determine if two instances represent the same url (underlies e.g.
        ``url1 == url2``)"""

        return self.__key() == other.__key()

    def __hash__(self):
        """Hash for this url (makes this class hashable, so usable e.g. as dict
        keys)."""

        return hash(self.__key())

    @cache
    def occurrence(self):
        """Index of the url in the list of urls of the parent :class:`Quote`.

        Raises
        ------
        ValueError
            If the url's `quote` attribute is `None`.

        """

        if self.quote is None:
            raise ValueError('No quote defined on this Url')
        return self.quote.urls.index(self)



[docs]class ModelType(TypeDecorator):

    """Database type representing a substitution :class:`~.mine.Model`, used in
    the definition of :class:`Substitution`."""

    # Store models as strings in the database.
    impl = String

[docs]    def process_bind_param(self, value, dialect):
        """Convert a :class:`~.mine.Model` to its database representation."""

        return str(value)


[docs]    def process_result_value(self, value, dialect):
        """Create a :class:`~.mine.Model` instance from its database
        representation."""

        return eval(value, globals(),
                    {'Model': Model, 'Source': Source, 'Time': Time,
                     'Durl': Durl, 'Past': Past})




[docs]class Substitution(Base, BaseMixin, SubstitutionValidatorMixin,
                   SubstitutionFeaturesMixin):

    """Represent a substitution in the database from one :class:`Quote` to another.

    A substitution is the replacement of a word from one quote (or a substring
    of that quote) in another quote. It is defined by a :attr:`source quote
    <source>`, an :attr:`occurrence` of a :attr:`destination quote
    <destination>`, the :attr:`position of a substring <start>` in the source
    quote string, the :attr:`position of the replaced word <position>` in that
    substring, and the :attr:`substitution model <model>` that detected the
    substitution in the data set.

    Attributes below are defined as class attributes or
    :class:`~.utils.cache`\ d methods, but they appear as instance attributes
    when you have an actual substitution instance. For instance, if
    `substitution` is a :class:`Substitution` instance, `substitution.tags`
    will give you that instance's :attr:`tags`.

    See Also
    --------
    .mine.SubstitutionValidatorMixin, .features.SubstitutionFeaturesMixin

    """

    #: Id of the source quote for the substitution.
    source_id = Column(Integer,
                       ForeignKey('quote.id', ondelete='CASCADE'),
                       nullable=False)
    #: Source :class:`Quote` for the substitution.
    source = relationship('Quote', back_populates='substitutions_source',
                          foreign_keys='Substitution.source_id')
    #: Id of the destination quote for the substitution.
    destination_id = Column(Integer,
                            ForeignKey('quote.id', ondelete='CASCADE'),
                            nullable=False)
    #: Destination :class:`Quote` for the substitution.
    destination = relationship('Quote',
                               back_populates='substitutions_destination',
                               foreign_keys='Substitution.destination_id')

    #: Index of the destination :class:`Url` in the destination quote.
    occurrence = Column(Integer, nullable=False)
    #: Index of the beginning of the substring in the source quote.
    start = Column(Integer, nullable=False)
    #: Position of the replaced word *in the substring of the source quote*
    #: (which is also the position in the destination quote).
    position = Column(Integer, nullable=False)
    #: Substitution detection :class:`~.mine.Model` that detected this
    #: substitution.
    model = Column(ModelType, nullable=False)

    @cache
    def tags(self):
        """Tuple of TreeTagger POS tags of the replaced and replacing words."""

        return (self.source.tags[self.start + self.position],
                self.destination.tags[self.position])

    @cache
    def tokens(self):
        """Tuple of the replaced and replacing words (the tokens here are the
        exact replaced and replacing words)."""

        return (self.source.tokens[self.start + self.position],
                self.destination.tokens[self.position])

    @cache
    def lemmas(self):
        """Tuple of lemmas of the replaced and replacing words."""

        return (self.source.lemmas[self.start + self.position],
                self.destination.lemmas[self.position])



[docs]def _copy(string, table, columns):
    """Execute a PostgreSQL COPY command.

    COPY is one of the fastest methods to import data in bulk into PostgreSQL.
    This function executes this operation through the raw psycopg2
    :class:`cursor` object.

    Parameters
    ----------
    string : file-like object
        Contents of the data to import into the database, formatted for the
        COPY command (see `PostgreSQL's documentation
        <https://www.postgresql.org/docs/9.5/static/sql-copy.html>`_ for more
        details). Can be an :class:`io.StringIO` if you don't want to use a
        real file in the filesystem.
    table : str
        Name of the table into which the data is imported.
    columns : list of str
        List of the column names encoded in the `string` parameter. When
        `string` is produced using :meth:`Quote.format_copy` or
        :meth:`Cluster.format_copy` you can use the corresponding
        :attr:`Quote.format_copy_columns` or
        :attr:`Cluster.format_copy_columns` for this parameter.

    See Also
    --------
    save_by_copy, Quote.format_copy, Cluster.format_copy

    """

    string.seek(0)
    with session_scope() as session:
        cursor = session.connection().connection.cursor()
        cursor.copy_from(string, table, columns=columns)



[docs]def save_by_copy(clusters, quotes):
    """Import a list of clusters and a list of quotes into the database.

    This function uses PostgreSQL's COPY command to bulk import clusters and
    quotes, and prints its progress to stdout.

    Parameters
    ----------
    clusters : list of :class:`Cluster`\ s
        List of clusters to import in the database.
    quotes : list of :class:`Quote`\ s
        List of quotes to import in the database. Any clusters they reference
        should be in the `clusters` parameter.

    See Also
    --------
    .load.MemeTrackerParser.parse

    """

    # Order the objects inserted so the engine bulks them together.
    logger.debug("Saving %s clusters with 'copy_from'", len(clusters))
    click.echo('Saving clusters... ', nl=False)
    objects = StringIO()
    objects.writelines([cluster.format_copy() + '\n' for cluster in clusters])
    _copy(objects, Cluster.__tablename__, Cluster.format_copy_columns)
    objects.close()
    click.secho('OK', fg='green', bold=True)

    logger.debug("Saving %s quotes with 'copy_from'", len(quotes))
    click.echo('Saving quotes... ', nl=False)
    objects = StringIO()
    objects.writelines([quote.format_copy() + '\n' for quote in quotes])
    _copy(objects, Quote.__tablename__, Quote.format_copy_columns)
    objects.close()
    click.secho('OK', fg='green', bold=True)
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  Source code for brainscopypaste.mine

"""Mine substitutions with various mining models.

This module defines several classes and mixins to mine substitutions in the
MemeTracker dataset with a series of different models.

:class:`Time`, :class:`Source`, :class:`Past` and :class:`Durl` together define
how a substitution :class:`Model` behaves. :class:`Interval` is a utility class
used internally in :class:`Model`. The :class:`ClusterMinerMixin` mixin builds
on this definition of a substitution model to provide
:meth:`ClusterMinerMixin.substitutions` which iterates over all valid
substitutions in a :class:`~.db.Cluster`. Finally,
:func:`mine_substitutions_with_model` brings :class:`ClusterMinerMixin` and
:class:`SubstitutionValidatorMixin` (which checks for spam substitutions)
together to mine for all substitutions in the dataset for a given
:class:`Model`.

"""


from enum import Enum, unique
from datetime import timedelta, datetime
import logging

import click
from progressbar import ProgressBar
import numpy as np
from nltk.corpus import wordnet

from brainscopypaste.conf import settings
from brainscopypaste.utils import (is_int, is_same_ending_us_uk_spelling,
                                   stopwords, levenshtein, subhamming,
                                   session_scope, memoized)


logger = logging.getLogger(__name__)


[docs]def mine_substitutions_with_model(model, limit=None):
    """Mine all substitutions in the MemeTracker dataset conforming to `model`.

    Iterates through the whole MemeTracker dataset to find all substitutions
    that are considered valid by `model`, and save the results to the database.
    The MemeTracker dataset must have been loaded and filtered previously, or
    an excetion will be raised (see :ref:`usage` or :mod:`.cli` for more about
    that). Mined substitutions are saved each time the function moves to a new
    cluster, and progress is printed to stdout. The number of substitutions
    seen and the number of substitutions kept (i.e. validated by
    :meth:`SubstitutionValidatorMixin.validate`) are also printed to stdout.

    Parameters
    ----------
    model : :class:`Model`
        The substitution model to use for mining.
    limit : int, optional
        If not `None` (default), mining will stop after `limit` clusters have
        been examined.

    Raises
    ------
    Exception
        If no filtered clusters are found in the database, or if there already
        are some substitutions from model `model` in the database.

    """

    from brainscopypaste.db import Cluster, Substitution

    logger.info('Mining clusters for substitutions')
    if limit is not None:
        logger.info('Mining is limited to %s clusters', limit)

    click.echo('Mining clusters for substitutions with {}{}...'
               .format(model, '' if limit is None
                       else ' (limit={})'.format(limit)))

    # Check we haven't already mined substitutions with this model.
    with session_scope() as session:
        substitution_count = session.query(Substitution)\
            .filter(Substitution.model == model).count()
        if substitution_count != 0:
            raise Exception(('The database already contains substitutions '
                             'mined with this model ({} - {} substitutions). '
                             'You should drop these before doing anything '
                             'else.'.format(model, substitution_count)))

    # Check clusters have been filtered.
    with session_scope() as session:
        if session.query(Cluster)\
           .filter(Cluster.filtered.is_(True)).count() == 0:
            raise Exception('Found no filtered clusters, aborting.')

        query = session.query(Cluster.id).filter(Cluster.filtered.is_(True))
        if limit is not None:
            query = query.limit(limit)
        cluster_ids = [id for (id,) in query]

    logger.info('Got %s clusters to mine', len(cluster_ids))

    # Mine.
    seen = 0
    kept = 0
    for cluster_id in ProgressBar()(cluster_ids):
        model.drop_caches()
        with session_scope() as session:
            cluster = session.query(Cluster).get(cluster_id)
            for substitution in cluster.substitutions(model):
                seen += 1
                if substitution.validate():
                    logger.debug('Found valid substitution in cluster #%s',
                                 cluster.sid)
                    kept += 1
                    session.commit()
                else:
                    logger.debug('Dropping substitution from cluster #%s',
                                 cluster.sid)
                    session.rollback()

    # Sanity check. This session business is tricky.
    with session_scope() as session:
        assert session.query(Substitution)\
            .filter(Substitution.model == model).count() == kept

    click.secho('OK', fg='green', bold=True)
    logger.info('Seen %s candidate substitutions, kept %s', seen, kept)
    click.echo('Seen {} candidate substitutions, kept {}.'.format(seen, kept))



@unique
[docs]class Time(Enum):
    """Type of time that determines the positioning of occurrence bins."""

    #: Continuous time: bins are sliding, end at the destination occurrence,
    #: and start :attr:`Model.bin_span` before that.
    continuous = 1
    #: Discrete time: bins are aligned at midnight, end at or before the
    #: destination occurrence, and start :attr:`Model.bin_span` before that.
    discrete = 2



@unique
[docs]class Source(Enum):
    """Type of quotes accepted as substitution sources."""

    #: All quotes are potential sources for substitutions.
    all = 1
    #: Majority rule: only quotes that are the most frequent in the considered
    #: past bin can be the source of substitutions (note that several quotes in
    #: a single bin can have the same maximal frequency).
    majority = 2



@unique
[docs]class Past(Enum):
    """How far back in the past can a substitution find its source."""

    #: The past is everything: substitution sources can be in any bin preceding
    #: the destination occurrence (which is an interval that can end at
    #: midnight before the destination occurrence when using
    #: :attr:`Time.discrete`).
    all = 1
    #: The past is the last bin: substitution sources must be in the bin
    #: preceding the destination occurrence (which can end at midnight before
    #: the destination occurrence when using :attr:`Time.discrete`).
    last_bin = 2



@unique
[docs]class Durl(Enum):
    """Type of quotes accepted as substitution destinations."""

    #: All quotes are potential destinations for substitutions.
    all = 1
    #: Excluded past rule: only quotes that do not appear in what :class:`Time`
    #: and :class:`Past` define as "the past" can be the destination of a
    #: substitution.
    exclude_past = 2



[docs]class Interval:

    """Time interval defined by `start` and `end`
    :class:`~datetime.datetime`\ s.

    Parameters
    ----------
    start : :class:datetime.datetime
        The interval's start (or left) bound.
    end : :class:datetime.datetime
        The interval's end (or right) bound.

    Raises
    ------
    Exception
        If `start` is strictly after `end` in time.

    Examples
    --------
    Test if a :class:`~datetime.datetime` is in an interval:

    >>> from datetime import datetime
    >>> itv = Interval(datetime(2016, 7, 5, 12, 15, 5),
    ...                datetime(2016, 7, 9, 13, 30, 0))
    >>> datetime(2016, 7, 8) in itv
    True
    >>> datetime(2016, 8, 1) in itv
    False

    """

    def __init__(self, start, end):
        assert start <= end
        self.start = start
        self.end = end

    def __contains__(self, other):
        """Test if `other` is in this :class:`Interval`."""

        return self.start <= other < self.end

    def __key(self):
        """Unique identifier for this interval, used to compute e.g. equality
        between two :class:`Interval` instances."""

        return (self.start, self.end)

    def __eq__(self, other):
        """Determine if two instances represent the same interval (underlies
        e.g.  ``itv1 == itv2``)"""

        return self.__key() == other.__key()

    def __hash__(self):
        """Hash for this interval (makes this class hashable, so usable e.g. as
        dict keys)."""

        return hash(self.__key())

    def __repr__(self):
        """String representation of this interval."""

        return 'Interval(start={0.start}, end={0.end})'.format(self)



[docs]class Model:

    """Substitution mining model.

    A mining model is defined by the combination of one parameter for each of
    :class:`Time`, :class:`Source`, :class:`Past`, :class:`Durl`, and a maximum
    hamming distance between source string (or substring) and destination
    string. This class represents such a model. It defines a couple of utility
    functions used in :class:`ClusterMinerMixin` (:meth:`find_start` and
    :meth:`past_surls`), and a :meth:`validate` method which determines if a
    given substitution conforms to the model. Other methods, prefixed with an
    underscore, are utilities for the methods cited above.

    Parameters
    ----------
    time : :class:`Time`
        Type of time defining how occurrence bins of the model are positioned.
    source : :class:`Source`
        Type of quotes that the model accepts as substitution sources.
    past : :class:`Past`
        How far back does the model look for substitution sources.
    durl : :class:`Durl`
        Type of quotes that the model accepts as substitution destinations.
    max_distance : int
        Maximum number of substitutions between a source string (or substring)
        and a destination string that the model will detect.

    Raises
    ------
    Exception
        If `max_distance` is more than half of
        :data:`~.settings.MT_FILTER_MIN_TOKENS`.

    """

    #: Span of occurrence bins the model makes.
    bin_span = timedelta(days=1)

    def __init__(self, time, source, past, durl, max_distance):
        assert time in Time
        self.time = time
        assert source in Source
        self.source = source
        assert past in Past
        self.past = past
        assert durl in Durl
        self.durl = durl
        assert 0 < max_distance <= settings.MT_FILTER_MIN_TOKENS // 2
        self.max_distance = max_distance

        #: dict associating a :class:`Source` to its validation method.
        self._source_validation_table = {
            Source.all: self._ok,
            Source.majority: self._validate_source_majority
        }
        #: dict associating a :class:`Durl` to its validation method.
        self._durl_validation_table = {
            Durl.all: self._ok,
            Durl.exclude_past: self._validate_durl_exclude_past
        }

    def __repr__(self):
        """String representation of this model."""

        return ('Model(time={0.time}, source={0.source}, past={0.past}, '
                'durl={0.durl}, max_distance={0.max_distance})').format(self)

    @memoized
[docs]    def validate(self, source, durl):
        """Test if potential substitutions from `source` quote to `durl`
        destination url are valid for this model.

        This method is :func:`~.utils.memoized` for performance.

        Parameters
        ----------
        source : :class:`~.db.Quote`
            Candidate source quote for substitutions; the substitutions can be
            from a substring of `source.string`.
        durl : :class:`~.db.Url`
            Candidate destination url for the substitutions.

        Returns
        -------
        bool
            `True` if the proposed source and destination url are considered
            valid by this model, `False` otherwise.

        """

        return (self._validate_distance(source, durl) and
                self._validate_base(source, durl) and
                self._validate_source(source, durl) and
                self._validate_durl(source, durl))


[docs]    def _validate_distance(self, source, durl):
        """Check that `source` and `durl` differ by no more than
        `self.max_distance`."""

        return 0 < self._distance_start(source, durl)[0] <= self.max_distance


[docs]    def _validate_base(self, source, durl):
        """Check that `source` has at least one occurrence in what this model
        considers to be the past before `durl`."""

        past = self._past(source.cluster, durl)
        return np.any([url.timestamp in past for url in source.urls])


[docs]    def _validate_source(self, source, durl):
        """Check that `source` is an acceptable substitution source for this
        model.

        This method proxies to the proper validation method, depending on the
        value of `self.source`.

        """

        return self._source_validation_table[self.source](source, durl)


[docs]    def _validate_durl(self, source, durl):
        """Check that `durl` is an acceptable substitution destination
        occurrence for this model.

        This method proxies to the proper validation method, depending on the
        value of `self.durl`.

        """

        return self._durl_validation_table[self.durl](source, durl)


[docs]    def _ok(self, *args, **kwargs):
        """Dummy method used when a validation should always pass."""

        return True


[docs]    def _validate_source_majority(self, source, durl):
        """Check that `source` verifies the majority rule."""

        # Source must be a majority quote in `past`.
        past_quote_ids = np.array([surl.quote.id for surl in
                                   self.past_surls(source.cluster, durl)])
        if source.id not in past_quote_ids:
            return False

        counts = dict((i, c) for (i, c) in
                      zip(*np.unique(past_quote_ids, return_counts=True)))
        if len(counts) == 0:
            return False
        return counts[source.id] == max(counts.values())


[docs]    def _validate_durl_exclude_past(self, source, durl):
        """Check that `durl` verifies the excluded past rule."""

        # Durl.quote must not be in `past`.
        past_quotes = [surl.quote for surl in
                       self.past_surls(source.cluster, durl)]
        return durl.quote not in past_quotes


[docs]    def _distance_start(self, source, durl):
        """Get a `(distance, start)` tuple indicating the minimal distance
        between `source` and `durl`, and the position of `source`'s substring
        that achieves that minimum.

        This is in fact an alias for what the model considers to be valid
        transformations and how to define them, but provides proper
        encapsulation of concerns.

        """

        # We allow for substrings.
        # Note here that there can be a difference in lemmas without
        # there being a difference in tokens, because of fluctuations
        # in lemmatization. This is caught later on in the validation
        # of substitutions (see SubstitutionValidatorMixin.validate()),
        # instead of making this function more complicated.
        return subhamming(source.lemmas, durl.quote.lemmas)


[docs]    def find_start(self, source, durl):
        """Get the position of the substring of `source` that achieves minimal
        distance to `durl`."""

        return self._distance_start(source, durl)[1]


    @memoized
[docs]    def past_surls(self, cluster, durl):
        """Get the list of all :class:`~.db.Url`\ s that are in what this model
        considers to be the past before `durl`.

        This method is :func:`~.utils.memoized` for performance.

        """

        past = self._past(cluster, durl)
        return list(filter(lambda url: url.timestamp in past, cluster.urls))


    @memoized
[docs]    def _past(self, cluster, durl):
        """Get an :class:`Interval` representing what this model considers to
        be the past before `durl`.

        See :class:`Time` and :class:`Past` to understand what this interval
        looks like. This method is :func:`~.utils.memoized` for performance.

        """

        cluster_start = min([url.timestamp for url in cluster.urls])
        # The bins are aligned to midnight, so get the midnight
        # before cluster start.
        cluster_bin_start = datetime(year=cluster_start.year,
                                     month=cluster_start.month,
                                     day=cluster_start.day)

        # Check our known `time` types.
        assert self.time in [Time.continuous, Time.discrete]
        if self.time is Time.continuous:
            # Time is continuous.
            end = durl.timestamp
        else:
            # Time is discrete.
            previous_bin_count = (durl.timestamp -
                                  cluster_bin_start) // self.bin_span
            end = max(cluster_start,
                      cluster_bin_start + previous_bin_count * self.bin_span)

        # Check our known `past` types.
        assert self.past in [Past.all, Past.last_bin]
        if self.past is Past.all:
            # The past is everything until the start of the cluster.
            start = cluster_start
        else:
            # The past is only the last bin.
            start = max(cluster_start, end - self.bin_span)

        return Interval(start, end)


[docs]    def drop_caches(self):
        """Drop the caches of all :func:`~.utils.memoized` methods of the
        class."""

        self.validate.drop_cache()
        self.past_surls.drop_cache()
        self._past.drop_cache()


    def __key(self):
        """Unique identifier for this model, used to compute e.g. equality
        between two :class:`Model` instances."""

        return (self.time, self.source, self.past, self.durl,
                self.max_distance)

    def __eq__(self, other):
        """Determine if two instances represent the same model (underlies
        e.g.  ``model1 == model2``)"""

        return hasattr(other, '_Model__key') and self.__key() == other.__key()

    def __hash__(self):
        """Hash for this model (makes this class hashable, so usable e.g. as
        dict keys)."""

        return hash(self.__key())



[docs]class ClusterMinerMixin:

    """Mixin for :class:`~.db.Cluster`\ s that provides substitution mining
    functionality.

    This mixin defines the :meth:`substitutions` method (based on the private
    :meth:`_substitutions` method) that iterates through all valid
    substitutions for a given :class:`Model`.

    """

[docs]    def substitutions(self, model):
        """Iterate through all substitutions in this cluster considered valid
        by `model`.

        Multiple occurrences of a sentence at the same url (url "frequency")
        are ignored, so as not to artificially inflate results.

        Parameters
        ----------
        model : :class:`Model`
            Model for which to mine substitutions in this cluster.

        Yields
        ------
        substitution : :class:`~.db.Substitution`
            All the substitutions in this cluster considered valid by `model`.
            When `model` allows for multiple substitutions between a quote and
            a destination url, each substitution is yielded individually. Any
            substitution yielded is attached to this cluster, so if you use
            this in a :func:`~.utils.session_scope` substitutions will be saved
            automatically unless you explicitly rollback the session.

        """

        # Iterate through candidate substitutions.
        for durl in self.urls:
            past_quotes_set = set([surl.quote for surl in
                                   model.past_surls(self, durl)])
            # Don't test against ourselves.
            past_quotes_set.discard(durl.quote)
            for source in past_quotes_set:
                # Source can't be shorter than destination
                if len(source.lemmas) < len(durl.quote.lemmas):
                    continue

                # Check distance, source and durl validity.
                if model.validate(source, durl):
                    logger.debug('Found candidate substitution(s) between '
                                 'quote #%s and durl #%s/%s', source.sid,
                                 durl.quote.sid, durl.occurrence)
                    for substitution in self._substitutions(source, durl,
                                                            model):
                        yield substitution


    @classmethod
[docs]    def _substitutions(cls, source, durl, model):
        """Iterate through all substitutions from `source` to `durl` considered
        valid by `model`.

        This method yields all the substitutions between `source` and `durl`
        when `model` allows for multiple substitutions.

        Parameters
        ----------
        source : :class:`~.db.Quote`
            Source for the substitutions.
        durl : :class:`~.db.Url`
            Destination url for the substitutions.
        model : :class:`Model`
            Model that validates the substitutions between `source` and `durl`.

        """

        from brainscopypaste.db import Substitution

        start = model.find_start(source, durl)
        dlemmas = durl.quote.lemmas
        slemmas = source.lemmas[start:start + len(dlemmas)]
        positions = np.where([c1 != c2
                              for (c1, c2) in zip(slemmas, dlemmas)])[0]
        assert 0 < len(positions) <= model.max_distance
        for position in positions:
            yield Substitution(source=source, destination=durl.quote,
                               occurrence=durl.occurrence, start=int(start),
                               position=int(position), model=model)




@memoized
[docs]def _get_wordnet_words():
    """Get the set of all words known by WordNet.

    This is the set of all lemma names for all synonym sets in WordNet.

    """

    return set(word.lower()
               for synset in wordnet.all_synsets()
               for word in synset.lemma_names())



[docs]class SubstitutionValidatorMixin:

    """Mixin for :class:`~.db.Substitution` that adds validation functionality.

    A non-negligible part of the substitutions found by
    :class:`ClusterMinerMixin` are spam or changes we're not interested in:
    minor spelling changes, abbreviations, changes of articles, symptoms of a
    deleted word that appear as substitutions, etc. This class defines the
    :meth:`validate` method, which tests for all these cases and returns
    whether or not the substitution is worth keeping.

    """

[docs]    def validate(self):
        """Check whether or not this substitution is worth keeping."""

        token1, token2 = self.tokens
        lem1, lem2 = self.lemmas
        tokens1, tokens2 = self.source.tokens, self.destination.tokens
        lemmas1, lemmas2 = self.source.lemmas, self.destination.lemmas

        # Only real-word lemmas.
        wordnet_words = _get_wordnet_words()
        if lem1 not in wordnet_words or lem2 not in wordnet_words:
            return False
        # '21st'/'twenty-first', etc.
        if (is_int(token1[0]) or is_int(token2[0]) or
                is_int(lem1[0]) or is_int(lem2[0])):
            return False
        # 'sen'/'senator', 'gov'/'governor', 'nov'/'november', etc.
        if (token1 == token2[:3] or token2 == token1[:3] or
                lem1 == lem2[:3] or lem2 == lem1[:3]):
            return False
        # 'programme'/'program', etc.
        if (token1[:-2] == token2 or token2[:-2] == token1 or
                lem1[:-2] == lem2 or lem2[:-2] == lem1):
            return False
        # 'centre'/'center', etc.
        if is_same_ending_us_uk_spelling(token1, token2):
            return False
        if is_same_ending_us_uk_spelling(lem1, lem2):
            return False
        # stopwords
        if (token1 in stopwords or token2 in stopwords or
                lem1 in stopwords or lem2 in stopwords):
            return False
        # Other minor spelling changes, also catching cases where tokens are
        # not different but lemmas are (because of lemmatization fluctuations).
        if levenshtein(token1, token2) <= 1:
            return False
        if levenshtein(lem1, lem2) <= 1:
            return False
        # Word deletion ('high school' -> 'school')
        if (self.start + self.position > 0 and
            (token2 == tokens1[self.start + self.position - 1] or
             lem2 == lemmas1[self.start + self.position - 1])):
            return False
        if (self.start + self.position < len(tokens1) - 1 and
            (token2 == tokens1[self.start + self.position + 1] or
             lem2 == lemmas1[self.start + self.position + 1])):
            return False
        # Word insertion ('school' -> 'high school')
        if (self.position > 0 and
            (token1 == tokens2[self.position - 1] or
             lem1 == lemmas2[self.position - 1])):
            return False
        if (self.position < len(tokens2) - 1 and
            (token1 == tokens2[self.position + 1] or
             lem1 == lemmas2[self.position + 1])):
            return False
        # Two words deletion ('supply of energy' -> 'supply')
        if (self.start + self.position > 1 and
            (token2 == tokens1[self.start + self.position - 2] or
             lem2 == lemmas1[self.start + self.position - 2])):
            return False
        if (self.start + self.position < len(tokens1) - 2 and
            (token2 == tokens1[self.start + self.position + 2] or
             lem2 == lemmas1[self.start + self.position + 2])):
            return False
        # Words stuck together ('policy maker' -> 'policymaker'
        # or 'policy-maker')
        if (self.start + self.position > 0 and
            (token2 == tokens1[self.start + self.position - 1] + token1 or
             token2 == tokens1[self.start + self.position - 1] +
                '-' + token1 or
             lem2 == lemmas1[self.start + self.position - 1] + lem1 or
             lem2 == lemmas1[self.start + self.position - 1] + '-' + lem1)):
            return False
        if (self.start + self.position < len(tokens1) - 1 and
            (token2 == token1 + tokens1[self.start + self.position + 1] or
             token2 == token1 + '-' +
                tokens1[self.start + self.position + 1] or
             lem2 == lem1 + lemmas1[self.start + self.position + 1] or
             lem2 == lem1 + '-' + lemmas1[self.start + self.position + 1])):
            return False
        # Words separated ('policymaker' or 'policy-maker' -> 'policy maker')
        if (self.position > 0 and
            (token1 == tokens2[self.position - 1] + token2 or
             token1 == tokens2[self.position - 1] + '-' + token2 or
             lem1 == lemmas2[self.position - 1] + lem2 or
             lem1 == lemmas2[self.position - 1] + '-' + lem2)):
            return False
        if (self.position < len(tokens2) - 1 and
            (token1 == token2 + tokens2[self.position + 1] or
             token1 == token2 + '-' + tokens2[self.position + 1] or
             lem1 == lem2 + lemmas2[self.position + 1] or
             lem1 == lem2 + '-' + lemmas2[self.position + 1])):
            return False
        # We need 2 extra checks compare to the words-stuck-together situation,
        # to detect teh second substitution appearing because of word
        # separation. Indeed in this case, contrary to words-stuck-together, we
        # can't rely on word shifts always being present, since the destination
        # can be cut shorter. In other words, in the following case:
        # (1) i'll come anytime there
        # (2) i'll come any time
        # these checks let us exclude 'there' -> 'time' as a substitution (in
        # the words-stuck-together case, the word 'there' would be present in
        # both sentences, shifted).
        if (self.position > 0 and
            (tokens1[self.start + self.position - 1] ==
                tokens2[self.position - 1] + token2 or
             tokens1[self.start + self.position - 1] ==
                tokens2[self.position - 1] + '-' + token2 or
             lemmas1[self.start + self.position - 1] ==
                lemmas2[self.position - 1] + lem2 or
             lemmas1[self.start + self.position - 1] ==
                lemmas2[self.position - 1] + '-' + lem2)):
            return False
        if (self.position < len(tokens2) - 1 and
            (tokens1[self.start + self.position + 1] ==
                token2 + tokens2[self.position + 1] or
             tokens1[self.start + self.position + 1] ==
                token2 + '-' + tokens2[self.position + 1] or
             lemmas1[self.start + self.position + 1] ==
                lem2 + lemmas2[self.position + 1] or
             lemmas1[self.start + self.position + 1] ==
                lem2 + '-' + lemmas2[self.position + 1])):
            return False

        return True
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