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Kozmic CI

Kozmic CI is a self-hosted continuous integration service. It is written in Python,
integrated with GitHub and powered by Docker.

Thanks to Docker, it provides immutable build environments and powerful
build dependencies caching mechanism.
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System Overview


What is Kozmic CI?

Kozmic CI is a Docker powered continuous integration platform integrated with
GitHub.

It is written in Python using Flask and Celery. It uses Docker for a job
isolation and dependencies caching, MySQL as a data storage, Redis as a pub-sub
implementation and uWSGI as a websockets framework.




Why Kozmic CI?

There are plenty of continuous integration tools out there and they all have
pros and cons.

Some of them are very powerful but rather complex to use, like Jenkins CI or
TeamCity. Sometimes something simpler would be enough. Something like Travis CI
seems a good way to go until you don’t constantly find yourself littering the
commit history trying to debug the over-complicated .travis.yml, or want to use
a custom VM image for your builds.

Kozmic CI is intended to be somewhere in between: to be easy to set up on your
own server, configure and use, but flexible enough to be capable of performing
any kind of job.

And hey, it is powered by Docker! Docker [https://www.docker.io/] is cool! :)




Kozmic CI Philosophy

Kozmic CI is made with simplicity in mind.

It doesn’t do much by itself. It delegates job isolation and dependencies
caching to Docker. It uses GitHub as an authentication and authorization
provider. It doesn’t maintain any VM images with pre-installed languages and
databases. It doesn’t even introduce a build configuration format.

You are free to use your favorite scripting language to describe a build.
You’ll probably have to learn some Bash while writing build scripts, but in
return you’ll be given control, predictability and ease of debugging.

The lack of “official” images with pre-installed stuff is a deliberate choice.
You have to set up the environment yourself — it encourages you to keep your
testing environment close to the production one and pin your requirements. And
then you’ll not one day be surprised by a broken build when the official VM
image is upgraded.




Basics

Kozmic CI is tightly integrated with GitHub.

There are users and projects. Kozmic users correspond to GitHub users, Kozmic
projects correspond GitHub repositories.

A user can have either one of the following roles.


	An owner, can view, configure and delete the project

	A manager, can view and configure the project

	A member, can only view the project



Projects’ memberships are determined by GitHub permissions.


	The owner is the user who created the project

	Managers are those users who can push and pull from the GitHub repository

	Members are those users who can only pull from the GitHub repository



A project can have one or more hooks which map one-to-one to GitHub webhooks.
A Kozmic hook defines a job to be performed when the corresponging GitHub
hook is triggered.

A Kozmic build is basically a set of the jobs triggered by the same GitHub
commit. If all the jobs have succeeded, the build is considered successful. If
any of the jobs has failed, the build is considered failed.
A build status is reported to GitHub as a Commit Status.




More About Hooks and Jobs

As it has been mentioned above, hooks describe jobs.

To configure a hook, you must specify a Docker base image and a build script.
A build script is just an executable.
It must start with a shebang sequence (i.e., #!/bin/bash) and everything that
follows is completely up to you. You can use your favorite scripting language:
bash, Python, Perl, basically anything that present in the base image.

In short, what Kozmic CI will do is to pull that Docker image from Central
Registry and run the build script in it.
The job is considered successful when the build script exits with zero return code
and failed otherwise.

Also you can specify an install script and it’s tracked files.

The install script is an executable, much like the build script.
Tracked files are a list of paths in the repository.

The install script runs before the build script.
The result of a running the install script, a Docker container, is promoted to a
Docker image and cached. During the next job, if neither the install script or it’s
tracked filed have changed, the install script will be skipped and the cached
image will be reused for running the build script.

That provides a really powerful tool for caching dependencies.




Base Images

Kozmic CI runs builds in isolated Docker containers that offer a clean
environment for every build.

These containers are created using base images. A base image is a
Docker image that meets a few requirements:


	It must have the following packages installed:





	bash

	sudo

	git

	openssh-client







	It must have a user named kozmic with sudo rights without password check



At this point Kozmic CI supports base images that are only hosted on
a Central Registry [https://index.docker.io/] provided by the Docker project.

To tell Kozmic CI use particular base image for running a job, you must specify
it’s repository name in the hook settings. Repository names look like
<username>/<repo_name>, i.e. kozmic/ubuntu-base. You can also specify a
tag from that repository, i.e. kozmic/ubuntu-base:12.04.

The specified base image will be pulled from the registry before
running the first job.

Kozmic CI provides a number of “official” base images:
https://index.docker.io/u/kozmic/.  They are all built using Trusted Build [http://blog.docker.io/2013/11/introducing-trusted-builds/]
service and their Dockerfiles are hosted on GitHub [https://github.com/aromanovich/kozmic-images]. If some of the base
images is missing something, or you built a base image for your own needs and
think that it may be useful for others – please feel free to submit a pull
request or open an issue.
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Installation and Set Up








The Fast Way

Kozmic CI offers a Docker-based single-node distribution.

It has some limitations, but it’s the fastest and easiest way to get started.


Step 1: Install Docker

If you use Digital Ocean [https://www.digitalocean.com/?refcode=429df247edf9], you can just create a droplet from an image
with pre-installed Docker:

[image: _images/digital-ocean-docker.png]
If you use Ubuntu 13.04 or later, installing Docker is just as simple
as that:

apt-key adv --keyserver keyserver.ubuntu.com --recv-keys 36A1D7869245C8950F966E92D8576A8BA88D21E9
echo deb http://get.docker.io/ubuntu docker main > /etc/apt/sources.list.d/docker.list
apt-get update
apt-get install -f lxc-docker





If you use another OS, take a look at Docker installation instructions [https://www.docker.io/gettingstarted/#h_installation].




Step 2: Register a new application on GitHub

Go to https://github.com/settings/applications/new and create a new application.

Set the homepage URL to http://my-server-ip-or-addr and the authorization
callback URL to http://my-server-ip-or-addr/_auth/auth-callback.




Step 3: Start Kozmic CI

Create a directory for Kozmic CI logs:

mkdir -p $HOME/kozmic-ci/log





Create a data-only container that will be used to persist the Kozmic CI data:

docker run -v /var/lib/docker -v /var/lib/mysql --name kozmic-data ubuntu:12.04 true





Run Kozmic CI:

JOB=$(docker run -e=SECRET_KEY=xxxxx \
                 -e=GITHUB_CLIENT_ID=xxxxxxxxxxxxxxxxxxxx \
                 -e=GITHUB_CLIENT_SECRET=xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx \
                 -e=SERVER_NAME=xxx.xxx.xxx.xxx \
                 -p=80:80 \
                 -p=8080:8080 \
                 --volumes-from kozmic-data \
                 -v=$HOME/kozmic-ci/log:/var/log \
                 --privileged -d aromanovich/kozmic:0.0.1)
docker logs $JOB





A few comments:


	SECRET_KEY must be set to a unique, unpredictable value. It must be
kept the same if you are restarting or updating Kozmic CI container.

	GITHUB_CLIENT_ID and GITHUB_CLIENT_SECRET must contain the
OAuth client id and secret of your GitHub application.

	SERVER_NAME must contain an IP address or domain name of the machine.
It must be accessible from the outside Internet.

	-p=80:80 -p=8080:8080 binds the container ports to the host system.

	-v=$HOME/kozmic-ci/log:/var/log mounts the directory from the host into
the container which make is possible to see what’s going on inside.

	--privileged key is required for running Docker within Docker [http://blog.docker.io/2013/09/docker-can-now-run-within-docker/].



After starting the container, take a look at the logs directory content and
make sure that it doesn’t say any errors. That’s it!






The Usual Way

The usual way is to not use Docker-based distribution, but manually deploy each
of the three components:


	A web application that implements UI and exposes webhooks (kozmic)

	A uWSGI-application that sends a job log into a websocket (tailer)

	A Celery-worker that runs jobs



These components require Python 2.7, MySQL, Redis and Docker.

A Kozmic CI’s Dockerfile [https://github.com/aromanovich/kozmic-ci/tree/master/docker/Dockerfile] is pretty much self-documenting about how to deploy
them.

It uses Supervisor [http://supervisord.org/] for running all the components (see the last three
sections of supervisor.conf [https://github.com/aromanovich/kozmic-ci/blob/master/docker/files/supervisor.conf]) and uWSGI [https://uwsgi-docs.readthedocs.io/en/latest/] as an application server for
kozmic and tailer (see kozmic-uwsgi.ini [https://github.com/aromanovich/kozmic-ci/blob/master/docker/files/kozmic-uwsgi.ini] and
tailer-uwsgi.ini [https://github.com/aromanovich/kozmic-ci/blob/master/docker/files/tailer-uwsgi.ini]).

You will also have to use manage.py to run the database migrations:

KOZMIC_CONFIG=kozmic.config_local.Config ./manage.py db upgrade





If you’re planning to use Kozmic CI status images in GitHub README files,
they must be served through HTTPS to prevent GitHub from caching them
(see KOZMIC_USE_HTTPS_FOR_BADGES setting).

tailer must be run using uWSGI that is listed in its requirements
(./requirements/tailer.txt).
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Reference

It’s important to understand how jobs are performed in order to efficiently use
Kozmic CI features such as dependencies caching.

As it has been mentioned earlier, Kozmic CI uses Docker for a job isolation and
dependencies caching.

A job is defined by a hook. A hook consists of:


	Docker base image

	Build script

	Install script (optional)

	Tracked files (optional)




Job Workflow

Here’s what Kozmic CI does when GitHub triggers the hook.


	The Docker base image is pulled from the Central registry.



	If the install script is specified and it hasn’t been run before or if the
base image, the install script itself or some of tracked files have been
changed, the install script is run and the resulting container is promoted to
an image and cached.

Otherwise this step is skipped.



	The build script is run in a Docker container created either from a cached
image (if the install script is specified) or Docker base image.





If either the install script or the build script exits with a return code
different from zero, the job considered failed.




How Scripts Are Run

Install scripts are processed the same way as build scripts. The only
difference is that a result of an install script, a container, is cached.


	A container is created from that image. It’s /kozmic directory is a
volume and mounted to the host machine.

	The script to be run is placed in that directory, along with some auxiliary
files: a helper for running the script, a file to which the script output
will be written, deploy key, etc.

	If the project’s repository is private, ssh-agent is started and
the private deploy key is added to it.

	The repository is cloned to /kozmic/src and the required commit is
checked out.

	Finally, the script is run in the /kozmic/src directory from the
kozmic user. /kozmic directory and it’s content owned by
kozmic user.




Note

Changes that the install script makes to the /kozmic directory will not
be cached.






Examples


MySQL and Python

Suppose the project is written in Python and uses MySQL. Here’s an example of
a hook configuration.

Docker base image: kozmic/ubuntu:12.04.

Install script:

#!/bin/bash
set -e  # Exit if any command returns a non-zero status

sudo su <<EOF
pip install -r ./requirements/basic.txt
pip install -r ./requirements/dev.txt
EOF





Tracked files:

requirements/basic.txt
requirements/dev.txt





Build script:

#!/bin/bash
set -e

sudo su <<EOF
/usr/bin/mysqld_safe &
sleep 3  # Give it time to start
mysql -e 'create database rsstank_test character set utf8 collate utf8_general_ci;'
EOF

cp ./rsstank/config_local.py-kozmic ./rsstank/config_local.py
./test.sh





We run pip from root because it sets up packages system-wide.

MySQL is already set up in the kozmic/ubuntu:12.04 image. It has to be
started manually before the tests, because Docker doesn’t use Ubuntu’s init
system.




MongoDB and Python

Here’s another example for a project that uses MongoDB.

Docker base image: kozmic/debian:wheezy.

Install script:

#!/bin/bash
set -e  # Exit if any command returns a non-zero status

echo 'deb http://downloads-distro.mongodb.org/repo/debian-sysvinit dist 10gen' | \
    sudo tee /etc/apt/sources.list.d/mongodb.list
sudo apt-get update
sudo apt-get install -y --force-yes mongodb-10gen

sudo pip install -r requirements/devel.txt





Tracked files:

requirements/basic.txt
requirements/dev.txt





Build script:

#!/bin/bash
set -e  # Exit if any command returns a non-zero status

sudo /etc/init.d/mongodb start

py.test --cov=adlift --cov-report=term
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Configuration

An environment variable KOZMIC_CONFIG tells the application
(kozmic.create_app() and tailer) which config to use. For example,
to run a development server you can use the following command:
KOZMIC_CONFIG=kozmic.config_local.DevelopmentConfig ./manage.py runserver


Variables


	SECRET_KEY

	A secret string. Used for signing cookie-based sessions, as a passphrase
for private deploy keys, etc.




	SERVER_NAME

	The name and port number of the server (e.g., 'kozmic-ci.company.com'
or '127.0.0.1:5000').




	SESSION_COOKIE_DOMAIN

	The domain for the session cookie. If this is not set, the cookie will
be valid for all subdomains of SERVER_NAME.


Note

If you’re using an IP address as a SERVER_NAME, you must
specify the same IP address in SESSION_COOKIE_DOMAIN.
Otherwise cookies will not work.








	KOZMIC_GITHUB_CLIENT_ID

	GitHub OAuth app client id




	KOZMIC_GITHUB_CLIENT_SECRET

	GitHub OAuth app client secret




	BROKER_URL

	Celery broker URL (default: 'redis://localhost:6379/0')




	MAIL_DEFAULT_SENDER

	“From” e-mail address to be used for notifications




	KOZMIC_REDIS_HOST

	Redis host (default: 'localhost')




	KOZMIC_REDIS_PORT

	Redis port (default: 6379)




	KOZMIC_REDIS_DATABASE

	Redis database (default: 0)




	KOZMIC_STALL_TIMEOUT

	Number of seconds since the last job output after which the job is
considered “hung” and it’s Docker container gets killed (default: 900)




	KOZMIC_ENABLE_EMAIL_NOTIFICATIONS

	Whether e-mail notification enabled? (default: True)




	KOZMIC_CACHED_IMAGES_LIMIT

	The maximum number of cached Docker images (a cached image is a result of
an install script) per project (default: 3)




	KOZMIC_USE_HTTPS_FOR_BADGES

	If you’re planning to use Kozmic CI status images in GitHub README files,
they must be served through HTTPS to prevent GitHub from caching them.

This variable only affects the UI and used for showing a correct badge URL
(default: False)






	SQLALCHEMY_DATABASE_URI

	SQLAlchemy connection string (default:
'mysql+pymysql://kozmic:@127.0.0.1/kozmic')




	TAILER_URL_TEMPLATE

	URL template to be used to get a websocket URL for a job.  Must point to a
tailer application instance and contain job_id variable.  (e.g.,
'ws://kozmic-ci.example.com:8080/{job_id}/');




	DOCKER_URL

	Docker API URL (default: 'unix://var/run/docker.sock')



The default configuration expects to find an SMTP server on a local machine on
port 25.  It can be changed:
http://pythonhosted.org/Flask-Mail/#configuring-flask-mail.
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Internals Reference


Core


kozmic.models


	
class kozmic.models.RepositoryBase[source]

	A base repository class to be used by HasRepositories mixin.


	
gh_id = Column(None, Integer(), table=None, nullable=False)

	GitHub id






	
gh_name = Column(None, String(length=200), table=None, nullable=False)

	GitHub name (i.e., kozmic)






	
gh_full_name = Column(None, String(length=200), table=None, nullable=False)

	GitHub full name (i.e., aromanovich/kozmic)






	
gh_ssh_clone_url = Column(None, String(length=200), table=None, nullable=False)

	SSH clone url






	
gh_https_clone_url = Column(None, String(length=200), table=None, nullable=False)

	HTTPS clone url






	
is_public = Column(None, Boolean(), table=None, nullable=False)

	Is the repository public?






	
classmethod from_gh_repo(gh_repo)[source]

	Constructs an instance of cls from gh_repo.

















	
class kozmic.models.HasRepositories[source]

	Mixin that adds repositories relationship to the model.
Repositories are stored in separate tables for each parent.
Repository attribute contains model (inherited from
RepositoryBase) mapped to the parent’s repositories table.

This pattern is well described in
“Hand Coded Applications with SQLAlchemy” presentation [http://techspot.zzzeek.org/files/2012/hand_coded_with_sqla.key.pdf]
by Mike Bayer.






	
class kozmic.models.User(**kwargs)[source]

	User account.


	
repositories

	Set of user repositories.






	
organizations

	Set of user organizations in which user has admin rights
to at least one repository (see Organization).






	
gh_id

	GitHub user id






	
gh_login

	GitHub user login






	
gh_name

	Human-readable GitHub name






	
gh_access_token

	OAuth access token






	
gh_avatar_url

	GitHub avatar URL






	
repos_last_synchronized_at

	The last time when the user’s repositories and organizations
were synced with GitHub






	
email

	E-mail address






	
get_identity()[source]

	Returns user’s flask.ext.principal.Identity.






	
get_available_projects(annotate_with_latest_builds=False)[source]

	Returns list of Projects that user has access to.
If annotate_with_latest_builds is specified, returns list of pairs
(Projects, Build) where the second element is the
latest project build or None if the project was never built.






	
gh[source]

	An authenticated GitHub session for this user.





	Type:	github3.github.GitHub










	
get_gh_org_repos()[source]

	Retrieves data from GitHub API and returns a pair of values:


	set [http://docs.python.org/library/stdtypes.html#set] of github3.orgs.Organization in which
the current user has at least one repository with admin rights;

	dict [http://docs.python.org/library/stdtypes.html#dict] mapping these organization’ ids to lists of
github3.repo.Repository to which the current user
has admin access.















	
get_gh_repos()[source]

	Retrieves data from GitHub API and returns a list of
the user owned repositories.





	Return type:	list of github3.repo.Repository










	
sync_memberships_with_github()[source]

	Does the same as Project.sync_memberships_with_github(),
but for the user. Returns True if there were not any GitHub errors;
False otherwise.










	
class kozmic.models.Organization(**kwargs)[source]

	Stores a set of organization repositories that a user has
admin access to.

Different Kozmic users, but members of the same GitHub organization,
will have their own Organization entries with possibly different
sets of repositories (because they are possibly members of different teams).


	
repositories

	




	
gh_id

	GitHub organization id






	
gh_login

	GitHub organization login






	
gh_name

	Human-readable GitHub name






	
user

	User whose admin rights is reflected by this organization










	
class kozmic.models.DeployKey(passphrase, key_size=2048)[source]

	An RSA deploy key pair.


	
gh_id

	GitHub deploy key id






	
rsa_private_key

	RSA private deploy key in PEM format encrypted with the app secret key






	
rsa_public_key

	RSA public deploy key in OpenSSH format






	
ensure()[source]

	If the corresponding GitHub deploy key does not exist, creates it.
Returns True if there weren’t GitHub API errors; False otherwise.






	
delete()[source]

	Deletes the public key from GitHub. Returns True if it has been
successfully deleted (or was missing); False otherwise.










	
class kozmic.models.Project(**kwargs)[source]

	Project is a GitHub repository that is being watched by
Kozmic CI.


	
gh_id

	GitHub repo id






	
gh_name

	GitHub repo name (i.e., kozmic)






	
gh_full_name

	GitHub repo full name (i.e., aromanovich/kozmic)






	
gh_login

	GitHub repo owner (user or organization) login






	
gh_ssh_clone_url

	SSH repo clone url






	
gh_https_clone_url

	HTTPS clone url






	
is_public

	Is the project’s repository public?






	
deploy_key

	Deploy key






	
members

	Project members






	
owner

	Project owner






	
gh[source]

	Project’s GitHub.





	Type:	github3.repos.Repository










	
delete()[source]

	Deletes the project and it’s corresponding GitHub entities such as
hooks, deploy key, etc. Returns True if they all have been
successfully deleted (or were missing); False otherwise.






	
get_latest_build(ref=None)[source]

	



	Return type:	Build










	
sync_memberships_with_github()[source]

	Synchronizes project members with GitHub.

GitHub _repository members_ with admin and push rights become
project managers, other _repository members_ become
project members.

Returns True if there were not any GitHub errors; False otherwise.










	
class kozmic.models.Hook(**kwargs)[source]

	Reflects a GitHub hook.


	
gh_id

	GitHub hook id






	
title

	Title






	
install_script

	Install script






	
build_script

	Script to be run at hook call






	
docker_image

	Name of a Docker image to run build script in
(for example, “ubuntu” or “aromanovich/ubuntu-kozmic”).
Specified docker image is pulled from index.docker.io before build






	
project

	Project






	
ensure()[source]

	If the corresponding GitHub hook does not exist, creates it.
If it exists, but has wrong configuration, re-configures it.
Returns True if there weren’t GitHub API errors; False otherwise.






	
delete()[source]

	Deletes the project hook. Returns True if it’s corresponding GitHub
hook is missing or has been successfully deleted; False otherwise.










	
class kozmic.models.TrackedFile(**kwargs)[source]

	Reflecs a tracked file.


	
path

	Path within git repository






	
hook

	Hook










	
class kozmic.models.Build(**kwargs)[source]

	Reflects a project commit that triggered a project hook.


	
number

	Build number (within a project)






	
gh_commit_ref

	Commit reference (branch on which the commit was pushed)






	
gh_commit_sha

	Commit SHA






	
gh_commit_author

	Commit author






	
gh_commit_message

	Commit message






	
created_at

	Created at






	
status

	Build status, one of the following strings:
‘enqueued’, ‘success’, ‘pending’, ‘failure’, ‘error’






	
project

	Project






	
calculate_number()[source]

	Computes and sets number.






	
started_at

	Time the first job has started or None if there is
no started jobs yet.






	
finished_at

	Time the last job has finished or None if there is
no finished jobs yet.






	
set_status(status, target_url='', description='')[source]

	Sets status and posts it on GitHub.










	
class kozmic.models.HookCall(**kwargs)[source]

	Reflects a fact that GitHub triggered a project hook.


	
created_at

	Created at






	
gh_payload

	JSON payload from a GitHub webhook request






	
hook

	Hook






	
build

	Build










	
class kozmic.models.Job(**kwargs)[source]

	A job that caused by a hook call.


	
started_at

	Time the job has started or None






	
finished_at

	Time the job has finished or None






	
return_code

	Return code






	
stdout

	Job log






	
task_uuid

	uuid of a Celery task that is running a job






	
build

	Build






	
hook_call

	HookCall






	
get_cache_id()[source]

	Returns a string that can be used for tagging a Docker image
built from the install script.
A cache id changes whenever the base Docker image, the install
script or any of the tracked files is changed.


Note

Requires that Docker is running and Docker base image
(self.hook_call.hook.docker_image) is pulled.








	
started()[source]

	Sets started_at and updates build status.
Must be called when the job is started.






	
finished(return_code)[source]

	Sets finished_at and updates build status.
Must be called when the job is finished.






	
tailer_url

	URL of a websocket that streams a job log in realtime.






	
permanent_url

	A permanent URL of the job.






	
is_finished()[source]

	Is the job finished?






	
status

	One of the following values: ‘enqueued’, ‘success’, ‘pending’,
‘failure’, ‘error’.












kozmic.perms


	
kozmic.perms.project_owner = <functools.partial object>

	Project owner need






	
kozmic.perms.project_manager = <functools.partial object>

	Project manager need






	
kozmic.perms.project_member = <functools.partial object>

	Project member need






	
kozmic.perms.delete_project(id)[source]

	Returns a Permission to delete the project
identified by id.






	
kozmic.perms.manage_project(id)[source]

	Returns a Permission to manage the project
identified by id.






	
kozmic.perms.view_project(id)[source]

	Returns a Permission to view the project
identified by id.








kozmic.builds.tasks


	
kozmic.builds.tasks.do_job(hook_call_id)

	A Celery task that does a job specified by a hook call.

Creates a Job instance and executes a build script prescribed
by a triggered Hook. Also sends job output to Job.task_uuid
Redis pub-sub channel and updates build status.





	Parameters:	hook_call_id – int, HookCall identifier










	
kozmic.builds.tasks.restart_job(id)

	A Celery task that restarts a job.





	Parameters:	id – int, Job identifier










	
class kozmic.builds.tasks.Publisher(redis_client, channel)[source]

	



	Parameters:	
	redis_client – Redis client

	channel (str [http://docs.python.org/library/functions.html#str]) – pub/sub channel name














	
class kozmic.builds.tasks.Tailer(log_path, publisher, container, kill_timeout=600)[source]

	A daemon thread that waits for additional lines to be appended to a
specified log file.
Once there is a new line, it does the following:


	Translates ANSI sequences to HTML tags;

	Sends the line to a Redis pub/sub channel;

	Pushes it to Redis list of the same name.



If the log file does not change for kill_timeout seconds,
specified Docker container will be killed and corresponding message
will be appended to the log file.

Once the thread has finished, has_killed_container tells
whether the :param:`container` has stopped by itself or been killed
by a timeout.





	Parameters:	
	log_path (str [http://docs.python.org/library/functions.html#str]) – path to the log file to watch

	publisher (Publisher) – publisher

	container (dictionary returned by docker.Client.create_container()) – container to kill

	kill_timeout (int [http://docs.python.org/library/functions.html#int]) – number of seconds since the last log append after
which kill the container














	
class kozmic.builds.tasks.Builder(docker, message_queue, docker_image, script, working_dir, clone_url, commit_sha, deploy_key=None)[source]

	A thread that starts a script in a container and waits
for it to complete.

One of the following attributes is not None once
the thread has finished:


	
return_code

	Integer, a build script’s return code if everything went well.






	
exc_info

	exc_info triple (type, value, traceback)
if something went wrong.









	Parameters:	
	docker (docker.Client) – Docker client

	message_queue (Queue.Queue [http://docs.python.org/library/queue.html#Queue.Queue]) – a queue to which put an identifier of the started
Docker container. Identifier is a dictionary returned
by docker.Client.create_container().
Builder will block until the message is acknowledged
by calling Queue.Queue.task_done() [http://docs.python.org/library/queue.html#Queue.Queue.task_done].

	deploy_key (2-tuple of strings) – a pair of strings (private key, passphrase)

	docker_image (str [http://docs.python.org/library/functions.html#str]) – a name of Docker image to be used for
build_script execution. The image
has to be already pulled from the registry.

	working_dir (str [http://docs.python.org/library/functions.html#str]) – path of the directory to be mounted in container’s
/kozmic path

	clone_url (str [http://docs.python.org/library/functions.html#str]) – SSH clone URL

	commit_sha (str [http://docs.python.org/library/functions.html#str]) – SHA of the commit to be checked out


















Packages Overview


kozmic


	
kozmic.__init__.create_app(config=None)[source]

	Returns a fully configured Flask application.





	Parameters:	config – a config object or it’s name. Will be passed directly
to flask.config.Config.from_object().
If not specified, the value of KOZMIC_CONFIG
environment variable will be used.
If KOZMIC_CONFIG is not specified,
'kozmic.config.DefaultConfig' will be used.












kozmic.accounts


	
kozmic.accounts.bp

	flask.Blueprint that gives users a means to manage their
account settings.








kozmic.auth


	
kozmic.auth.bp

	flask.Blueprint that implements an authentication through GitHub.








kozmic.builds


	
kozmic.builds.bp

	flask.Blueprint that implements webhooks to be triggered by
GitHub and serves status badges.


Note

Does not require authentication.










kozmic.projects


	
kozmic.projects.bp

	flask.Blueprint that provides all the means for managing and
viewing projects.








kozmic.repos


	
kozmic.repos.bp

	flask.Blueprint that gives users the abilities to:


	View list of GitHub repositories they have admin access to

	Create kozmic.models.Project for any of them
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Contributing

This document is far from extensive, but hopefully it gives an idea of how to
deploy a development version of Kozmic CI and get started.


	Clone the source code from GitHub repository: https://github.com/aromanovich/kozmic-ci



	Install the Python dependencies using pip:

pip install -r requirements/kozmic.txt
pip install -r requirements/tailer.txt
pip install -r requirements/dev.txt







	Take a look at Configuration variables and fill the configuration
file kozmic/config_local.py using kozmic/config_local.py-dist as an
example.






Running the components


	Run the development server:

KOZMIC_CONFIG=kozmic.config_local.DevelopmentConfig ./manage.py runserver







	Run the Celery worker:

KOZMIC_CONFIG=kozmic.config_local.DevelopmentConfig \
celery worker -A kozmic.entry_point.celery -l debug







	Run the tailer component:

KOZMIC_CONFIG=kozmic.config_local.DevelopmentConfig \
uwsgi --http-socket :8080 --gevent 5 --gevent-monkey-patch -H ~/Envs/kozmic/ \
      --module tailer:app





Note that tailer app has to be run using uWSGI that is listed in
requirements/tailer.txt. If you use a virtual environment (which is
strongly advised), path to it must be specified using -H argument.








Running tests


	Run all tests: ./test.sh

	Run tests that don’t require Docker: ./test.sh -m "not docker"

	Run the particular test: ./test.sh -k TestUserDB






Working with the database

./manage.py db provides an interface to Alembic [https://alembic.readthedocs.io/en/latest/index.html], a database migration
tool.  Run ./manage.py db --help to figure out what commands it has. The
most useful are:


	Apply database migrations:

KOZMIC_CONFIG=kozmic.config_local.DevelopmentConfig ./manage.py db upgrade







	Automatically generate a new migration:

KOZMIC_CONFIG=kozmic.config_local.DevelopmentConfig ./manage.py db migrate












Compiling the documentation

cd docs
KOZMIC_CONFIG=kozmic.config_local.DevelopmentConfig make html
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Changelog


0.0.1: 18 May 2014

The first public release.
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Contact


	Issues on GitHub: https://github.com/aromanovich/kozmic-ci/issues

	Twitter: @antonromanovich [https://twitter.com/antonromanovich]

	Private email: anthony.romanovich [at] gmail
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  Source code for kozmic.models

# coding: utf-8
"""
kozmic.models
~~~~~~~~~~~~~
"""
import itertools
import datetime
import collections
import hashlib
import os.path
import logging

import github3
import sqlalchemy.dialects.mysql
import flask
from Crypto.PublicKey import RSA
from flask.ext.login import UserMixin
from flask.ext.principal import Identity
from flask.ext.mail import Message
from werkzeug.utils import cached_property
from sqlalchemy.ext.declarative import declared_attr

from . import db, mail, perms, docker_utils
from .utils import JSONEncodedDict


logger = logging.getLogger(__name__)


MISSING_ID = -1


# NOTE: This method override original method create_status,
# add ability to set context for new github api
# TODO: remove this when update github3.py to 1.0.0 version
@github3.decorators.requires_auth
def create_status(self, sha, state, target_url='', description='', context=None):
    json = {}
    if sha and state:
        data = {'state': state, 'target_url': target_url,
                'description': description, 'context': context}
        url = self._build_url('statuses', sha, base_url=self._api)
        json = self._json(self._post(url, data=data), 201)

    return github3.repos.status.Status(json) if json else None

github3.repos.repo.Repository.create_status = create_status
# /TODO


[docs]class RepositoryBase(object):
    """A base repository class to be used by :class:`HasRepositories` mixin."""
    id = db.Column(db.Integer, primary_key=True)

    #: GitHub id
    gh_id = db.Column(db.Integer, nullable=False)
    #: GitHub name (i.e., kozmic)
    gh_name = db.Column(db.String(200), nullable=False)
    #: GitHub full name (i.e., aromanovich/kozmic)
    gh_full_name = db.Column(db.String(200), nullable=False)
    #: SSH clone url
    gh_ssh_clone_url = db.Column(db.String(200), nullable=False)
    #: HTTPS clone url
    gh_https_clone_url = db.Column(db.String(200), nullable=False)
    #: Is the repository public?
    is_public = db.Column(db.Boolean, nullable=False)

    @classmethod
[docs]    def from_gh_repo(cls, gh_repo):
        """Constructs an instance of `cls` from `gh_repo`.

        :type gh_repo: :class:`github3.repos.repo.Repository`
        """
        return cls(
            gh_id=gh_repo.id,
            gh_name=gh_repo.name,
            gh_full_name=gh_repo.full_name,
            gh_ssh_clone_url=gh_repo.ssh_url,
            gh_https_clone_url=gh_repo.clone_url,
            is_public=not gh_repo.private)




[docs]class HasRepositories(object):
    """Mixin that adds :attr:`repositories` relationship to the model.
    Repositories are stored in separate tables for each parent.
    :attr:`Repository` attribute contains model (inherited from
    :class:`RepositoryBase`) mapped to the parent's repositories table.

    This pattern is well described in
    `"Hand Coded Applications with SQLAlchemy" presentation
    <http://techspot.zzzeek.org/files/2012/hand_coded_with_sqla.key.pdf>`_
    by Mike Bayer.
    """
    @declared_attr
    def repositories(cls):
        parent_id = db.Column(
            '{}_id'.format(cls.__tablename__),
            db.Integer,
            db.ForeignKey('{}.id'.format(cls.__tablename__)),
            nullable=False)

        cls.Repository = type(
            '{}Repository'.format(cls.__name__),
            (RepositoryBase, db.Model),
            {
                '__tablename__': '{}_repository'.format(cls.__tablename__),
                'parent_id': parent_id,
            })
        return db.relationship(cls.Repository, backref='parent',
                               lazy='dynamic', cascade='all')



[docs]class User(HasRepositories, db.Model, UserMixin):
    """User account.

    .. attribute:: repositories

        Set of user repositories.

    .. attribute:: organizations

        Set of user organizations in which user has admin rights
        to at least one repository (see :class:`Organization`).
    """
    id = db.Column(db.Integer, primary_key=True)

    #: GitHub user id
    gh_id = db.Column(db.Integer, nullable=False, unique=True)
    #: GitHub user login
    gh_login = db.Column(db.String(200), nullable=False, unique=True)
    #: Human-readable GitHub name
    gh_name = db.Column(db.String(200), nullable=False)
    #: OAuth access token
    gh_access_token = db.Column(db.String(100), nullable=False)
    #: GitHub avatar URL
    gh_avatar_url = db.Column(db.String(500), nullable=False)
    #: The last time when the user's repositories and organizations
    #: were synced with GitHub
    repos_last_synchronized_at = db.Column(db.DateTime)
    #: E-mail address
    email = db.Column(db.String(1000))

    def __repr__(self):
        return (u'<User #{0.id} gh_id={0.gh_id} gh_login={0.gh_login}>'
                .format(self).encode('utf-8'))

[docs]    def get_identity(self):
        """Returns user's :class:`flask.ext.principal.Identity`."""
        identity = Identity(self.id)
        for membership in self.memberships:
            if membership.allows_management:
                need = perms.project_manager(membership.project_id)
            else:
                need = perms.project_member(membership.project_id)
            identity.provides.add(need)
        for project in self.owned_projects:
            identity.provides.add(perms.project_owner(project.id))
        return identity


[docs]    def get_available_projects(self, annotate_with_latest_builds=False):
        """Returns list of :class:`Projects` that user has access to.
        If `annotate_with_latest_builds` is specified, returns list of pairs
        (:class:`Projects`, :class:`Build`) where the second element is the
        latest project build or ``None`` if the project was never built.
        """
        q = self.owned_projects.union(self.projects)
        if annotate_with_latest_builds:
            q = q.outerjoin(Build).filter(db.or_(
                Build.id == None,
                Build.created_at == db.select([db.func.max(Build.created_at)])
                     .where(Build.project_id == Project.id).correlate(Project)
            )).order_by(Build.created_at.desc()).with_entities(Project, Build)
        return q.all()


    @cached_property
[docs]    def gh(self):
        """An authenticated GitHub session for this user.

        :type: :class:`github3.github.GitHub`
        """
        return github3.login(token=self.gh_access_token)


[docs]    def get_gh_org_repos(self):
        """Retrieves data from GitHub API and returns a pair of values:

        1. :class:`set` of :class:`github3.orgs.Organization` in which
           the current user has at least one repository with admin rights;
        2. :class:`dict` mapping these organization' ids to lists of
           :class:`github3.repo.Repository` to which the current user
           has admin access.

        :type gh: :class:`github3.github.GitHub` of the current user
        """
        gh_orgs = set()
        gh_repos_by_org_id = collections.defaultdict(list)

        for gh_team in self.gh.iter_user_teams():
            if gh_team.permission != 'admin':
                continue

            gh_org = github3.orgs.Organization(gh_team.to_json()['organization'])
            gh_orgs.add(gh_org)

            for gh_repo in gh_team.iter_repos():
                if gh_repo not in gh_repos_by_org_id[gh_org.id]:
                    # The same repo can be in multiple teams --
                    # append only if we haven't seen `gh_repo` before
                    gh_repos_by_org_id[gh_org.id].append(gh_repo)

        return gh_orgs, gh_repos_by_org_id


[docs]    def get_gh_repos(self):
        """Retrieves data from GitHub API and returns a list of
        the user owned repositories.

        :rtype: list of :class:`github3.repo.Repository`
        """
        return list(self.gh.iter_repos(type='owner'))


[docs]    def sync_memberships_with_github(self):
        """Does the same as :meth:`Project.sync_memberships_with_github`,
        but for the user. Returns True if there were not any GitHub errors;
        False otherwise.
        """
        assert self.id

        for membership in self.memberships:
            db.session.delete(membership)

        github_data = collections.defaultdict(lambda: False)

        try:
            for gh_team in self.gh.iter_user_teams():
                for gh_repo in gh_team.iter_repos():
                    github_data[gh_repo.id] |= gh_team.permission in ('admin', 'push')

            for gh_repo in self.gh.iter_repos(type='all'):
                # iter_repos lists only repositories owned by users, not ogranizations.
                # Type "all" means both repositories owned by the logged in user and
                # repositories owned by another users in which the logged in user
                # is a collaborator.
                # Collaborator of a user repository always have push rights:
                github_data[gh_repo.id] = True
        except github3.GitHubError as e:
            logger.warning(
                'Failed to synchronize {user!r}\'s memberships with GitHub '
                'due to {e!r}. Errors: {e.errors!r}'.format(user=self, e=e))
            return False

        for gh_repo_id, can_manage in github_data.iteritems():
            project = Project.query.filter_by(gh_id=gh_repo_id).first()
            if not project or project.owner.id == self.id:
                continue
            membership = Membership(
                project=project,
                user=self,
                allows_management=can_manage)
            db.session.add(membership)

        return True




[docs]class Organization(HasRepositories, db.Model):
    """Stores a set of organization repositories that a user has
    admin access to.

    Different Kozmic users, but members of the same GitHub organization,
    will have their own :class:`Organization` entries with possibly different
    sets of repositories (because they are possibly members of different teams).

    .. attribute:: repositories
    """
    id = db.Column(db.Integer, primary_key=True)
    user_id = db.Column(db.Integer, db.ForeignKey('user.id'), nullable=False)

    #: GitHub organization id
    gh_id = db.Column(db.Integer, nullable=False, index=True)
    #: GitHub organization login
    gh_login = db.Column(db.String(200), nullable=False)
    #: Human-readable GitHub name
    gh_name = db.Column(db.String(200), nullable=False)
    #: :class:`User` whose admin rights is reflected by this organization
    user = db.relationship(
        'User', backref=db.backref('organizations', lazy='dynamic'))



class Membership(db.Model):
    project_id = db.Column(db.Integer, db.ForeignKey('project.id'), primary_key=True)
    user_id = db.Column(db.Integer, db.ForeignKey('user.id'), primary_key=True)

    created_at = db.Column(db.DateTime, nullable=False,
                           default=datetime.datetime.utcnow)
    allows_management = db.Column(db.Boolean, nullable=False, default=False)
    user = db.relationship(
        'User', backref=db.backref('memberships', lazy='dynamic'))
    project = db.relationship(
        'Project', backref=db.backref('memberships', lazy='dynamic', cascade='all'))

    def __repr__(self):
        return (u'<Membership {0!r} {1!r}>'
                .format(self.user, self.project).encode('utf-8'))


[docs]class DeployKey(db.Model):
    """An RSA deploy key pair."""
    id = db.Column(db.Integer, primary_key=True)
    project_id = db.Column(db.Integer, db.ForeignKey('project.id'),
                           nullable=False)

    #: GitHub deploy key id
    gh_id = db.Column(db.Integer, nullable=False)
    #: RSA private deploy key in PEM format encrypted with the app secret key
    rsa_private_key = db.Column(db.Text, nullable=False)
    #: RSA public deploy key in OpenSSH format
    rsa_public_key = db.Column(db.Text, nullable=False)

    def __init__(self, passphrase, key_size=2048):
        rsa_key = RSA.generate(key_size)
        self.rsa_private_key = rsa_key.exportKey(format='PEM', passphrase=passphrase)
        self.rsa_public_key = rsa_key.publickey().exportKey(format='OpenSSH')

    def _get_gh_key(self):
        return (None if self.gh_id in (None, MISSING_ID) else
                self.project.gh.key(self.gh_id))

[docs]    def ensure(self):
        """If the corresponding GitHub deploy key does not exist, creates it.
        Returns True if there weren't GitHub API errors; False otherwise.
        """
        try:
            gh_key = self._get_gh_key()
            if gh_key:
                return True
            gh_key = self.project.gh.create_key('Kozmic CI key', self.rsa_public_key)
            self.gh_id = gh_key.id
        except github3.GitHubError as e:
            logger.warning(
                'DeployKey.ensure call has failed due to {e!r}. '
                'Errors: {e.errors!r}'.format(project=self.project, e=e))
            return False
        else:
            return True


[docs]    def delete(self):
        """Deletes the public key from GitHub. Returns True if it has been
        successfully deleted (or was missing); False otherwise.
        """
        db.session.delete(self)

        try:
            gh_key = self._get_gh_key()
            if not gh_key:
                return True
            gh_key.delete()
        except github3.GitHubError as e:
            logger.warning(
                'DeployKey.delete call has failed due to {e!r}. '
                'Errors: {e.errors!r}'.format(project=self.project, e=e))
            return False
        else:
            return True




[docs]class Project(db.Model):
    """Project is a GitHub repository that is being watched by
    Kozmic CI.
    """
    id = db.Column(db.Integer, primary_key=True)
    owner_id = db.Column(db.Integer, db.ForeignKey('user.id'), nullable=False)

    #: GitHub repo id
    gh_id = db.Column(db.Integer, nullable=False, unique=True)
    #: GitHub repo name (i.e., kozmic)
    gh_name = db.Column(db.String(200), nullable=False)
    #: GitHub repo full name (i.e., aromanovich/kozmic)
    gh_full_name = db.Column(db.String(200), nullable=False)
    #: GitHub repo owner (user or organization) login
    gh_login = db.Column(db.String(200), nullable=False)
    #: SSH repo clone url
    gh_ssh_clone_url = db.Column(db.String(200), nullable=False)
    #: HTTPS clone url
    gh_https_clone_url = db.Column(db.String(200), nullable=False)
    #: Is the project's repository public?
    is_public = db.Column(db.Boolean, nullable=False)

    #: Deploy key
    deploy_key = db.relationship(
        'DeployKey', cascade='all', uselist=False,
        backref=db.backref('project'))
    #: Project members
    members = db.relationship(
        'User', secondary=Membership.__tablename__, lazy='dynamic', viewonly=True,
        backref=db.backref('projects', lazy='dynamic', viewonly=True))
    #: Project owner
    owner = db.relationship(
        'User', backref=db.backref('owned_projects', lazy='dynamic'))

    def __repr__(self):
        return (u'<Project #{0.id} "{0.gh_full_name}">'
                .format(self).encode('utf-8'))

    @property
    def passphrase(self):
        secret_key_w_salt = '{}:{}'.format(
            self.gh_id, flask.current_app.config['SECRET_KEY'])
        return hashlib.sha256(secret_key_w_salt).hexdigest()

    @cached_property
[docs]    def gh(self):
        """Project's GitHub.

        :type: :class:`github3.repos.Repository`
        """
        return self.owner.gh.repository(self.gh_login, self.gh_name)


[docs]    def delete(self):
        """Deletes the project and it's corresponding GitHub entities such as
        hooks, deploy key, etc. Returns True if they all have been
        successfully deleted (or were missing); False otherwise.
        """
        db.session.delete(self)

        rv = True
        if not self.is_public:
            rv &= self.deploy_key.delete()
        for hook in self.hooks:
            rv &= hook.delete()
            if not rv:
                break
        return rv


[docs]    def get_latest_build(self, ref=None):
        """
        :rtype: :class:`Build`
        """
        builds = self.builds.order_by(Build.number.desc())
        if ref:
            builds = builds.filter_by(gh_commit_ref=ref)
        return builds.first()


[docs]    def sync_memberships_with_github(self):
        """Synchronizes project members with GitHub.

        GitHub _repository members_ with admin and push rights become
        :term:`project managers`, other _repository members_ become
        :term:`project members`.

        Returns True if there were not any GitHub errors; False otherwise.
        """
        for membership in self.memberships:
            db.session.delete(membership)

        github_data = collections.defaultdict(lambda: False)

        try:
            if self.gh.owner.type == 'Organization':
                gh_teams = self.gh.iter_teams()
                # The Owners team is not listed in /repos/:org/:repo/teams and
                # it is "expected behaviour currently", but it's members
                # definitely have admin access to the repository.
                # The workaround is to find the Owners team "manually" by
                # iterating through all the organization teams.
                for gh_team in self.owner.gh.organization(self.gh.owner.login).iter_teams():
                    # Note: owners team can not be renamed, so it's completely
                    # OK to search for it by name
                    if gh_team.name == 'Owners':
                        gh_teams = itertools.chain([gh_team], gh_teams)

                for gh_team in gh_teams:
                    for gh_user in gh_team.iter_members():
                        github_data[gh_user.id] |= gh_team.permission in ('admin', 'push')

            elif self.gh.owner.type == 'User':
                for gh_user in self.gh.iter_collaborators():
                    # Collaborator of a user repository always have push right
                    github_data[gh_user.id] = True
        except github3.GitHubError as e:
            logger.warning(
                'Failed to synchronize {project!r}\'s memberships with GitHub '
                'due to {e!r}. Errors: {e.errors!r}'.format(project=self, e=e))
            return False

        for gh_user_id, can_manage in github_data.iteritems():
            user = User.query.filter_by(gh_id=gh_user_id).first()
            if not user or user.id == self.owner.id:
                continue
            membership = Membership(
                project=self,
                user=user,
                allows_management=can_manage)
            db.session.add(membership)

        return True




[docs]class Hook(db.Model):
    """Reflects a GitHub hook."""
    id = db.Column(db.Integer, primary_key=True)
    project_id = db.Column(db.Integer, db.ForeignKey('project.id'),
                           nullable=False)

    #: GitHub hook id
    gh_id = db.Column(db.Integer, nullable=False)
    #: Title
    title = db.Column(db.String(200), nullable=False)
    #: Install script
    install_script = db.Column(db.Text)
    #: Script to be run at hook call
    build_script = db.Column(db.Text, nullable=False)
    #: Name of a Docker image to run build script in
    #: (for example, "ubuntu" or "aromanovich/ubuntu-kozmic").
    #: Specified docker image is pulled from index.docker.io before build
    docker_image = db.Column(db.String(200), nullable=False)
    #: Project
    project = db.relationship(
        Project, backref=db.backref('hooks', lazy='dynamic', cascade='all'))

[docs]    def ensure(self):
        """If the corresponding GitHub hook does not exist, creates it.
        If it exists, but has wrong configuration, re-configures it.
        Returns True if there weren't GitHub API errors; False otherwise.
        """
        assert self.id

        events = ['push', 'pull_request']
        config = {
            'url': flask.url_for('builds.hook', id=self.id, _external=True),
            'content_type': 'json',
        }

        try:
            gh_hook = (self.project.gh.hook(self.gh_id)
                       if self.gh_id not in (None, MISSING_ID) else None)
            if gh_hook:
                if gh_hook.events != events or gh_hook.config != config:
                    gh_hook.edit(config=config, events=events)
            else:
                gh_hook = self.project.gh.create_hook(
                    name='web', config=config, events=events, active=True)
        except github3.GitHubError as e:
            logger.warning(
                'GitHub API call to create {project!r}\'s hook has failed. '
                'The exception is "{e!r} and with errors {e.errors!r}.".'.format(
                    project=self.project, e=e))
            return False
        else:
            self.gh_id = gh_hook.id
            return True


[docs]    def delete(self):
        """Deletes the project hook. Returns True if it's corresponding GitHub
        hook is missing or has been successfully deleted; False otherwise.
        """
        db.session.delete(self)

        try:
            gh_hook = self.project.gh.hook(self.gh_id)
            if not gh_hook:
                # Probably it was deleted manually using GitHub interface, it's OK
                return True

            gh_hook.delete()
        except github3.GitHubError as exc:
            logger.warning(
                'GitHub API call to delete {hook!r} has failed. '
                'The exception is "{exc!r} and it\'s errors are '
                '{errors!r}.".'.format(hook=self, exc=exc, errors=exc.errors))
            return False
        else:
            return True




[docs]class TrackedFile(db.Model):
    """Reflecs a :term:`tracked file`."""
    __table_args__ = (
        db.UniqueConstraint('hook_id', 'path',
                            name='unique_tracked_file_within_hook'),
    )

    id = db.Column(db.Integer, primary_key=True)
    hook_id = db.Column(db.Integer, db.ForeignKey('hook.id'), nullable=False)

    #: Path within git repository
    # Specify utf8_bin for case-sensitive collation
    path = db.Column(db.String(250, collation='utf8_bin'), nullable=False)
    #: Hook
    hook = db.relationship(
        Hook, backref=db.backref('tracked_files', lazy='dynamic', cascade='all'))



[docs]class Build(db.Model):
    """Reflects a project commit that triggered a project hook."""
    __table_args__ = (
        db.UniqueConstraint('project_id', 'gh_commit_ref', 'gh_commit_sha',
                            name='unique_ref_and_sha_within_project'),
    )

    id = db.Column(db.Integer, primary_key=True)
    project_id = db.Column(db.Integer, db.ForeignKey('project.id'),
                           nullable=False)

    #: Build number (within a project)
    number = db.Column(db.Integer, nullable=False, index=True)
    #: Commit reference (branch on which the commit was pushed)
    gh_commit_ref = db.Column(db.String(200), nullable=False)
    #: Commit SHA
    gh_commit_sha = db.Column(db.String(40), nullable=False)
    #: Commit author
    gh_commit_author = db.Column(db.String(200), nullable=False)
    #: Commit message
    gh_commit_message = db.Column(db.String(2000), nullable=False)
    #: Created at
    created_at = db.Column(db.DateTime, nullable=False, index=True,
                           default=datetime.datetime.utcnow)
    #: Build status, one of the following strings:
    #: 'enqueued', 'success', 'pending', 'failure', 'error'
    status = db.Column(db.String(40), nullable=False)
    #: Project
    project = db.relationship(
        Project, backref=db.backref('builds', lazy='dynamic', cascade='all'))

[docs]    def calculate_number(self):
        """Computes and sets :attr:`number`."""
        last_number = self.project.builds.with_entities(
            db.func.max(Build.number)).scalar() or 0
        self.number = last_number + 1


    @property
    def started_at(self):
        """Time the first job has started or None if there is
        no started jobs yet.
        """
        started_ats = filter(bool, [job.started_at for job in self.jobs])
        return started_ats and min(started_ats) or None

    @property
    def finished_at(self):
        """Time the last job has finished or None if there is
        no finished jobs yet.
        """
        finished_ats = filter(bool, [job.finished_at for job in self.jobs])
        return finished_ats and min(finished_ats) or None

[docs]    def set_status(self, status, target_url='', description=''):
        """Sets :attr:`status` and posts it on GitHub."""
        assert status in ('enqueued', 'success', 'pending', 'failure', 'error')

        if self.status == status:
            return
        self.status = status

        if self.status != 'enqueued':
            self.project.gh.create_status(
                self.gh_commit_sha,
                status,
                target_url=target_url or self.url,
                description=description,
                context='Kozmic-CI')

        if (flask.current_app.config['KOZMIC_ENABLE_EMAIL_NOTIFICATIONS'] and
                self.status in ('failure', 'error')):
            header_template = u'[{status}] {project}#{build_number} ({ref} — {sha})'
            html_template = '<p><a href="{url}">{description}</a></p>'

            header = header_template.format(
                status=self.status,
                project=self.project.gh_full_name,
                build_number=self.number,
                sha=self.gh_commit_sha[:8],
                ref=self.gh_commit_ref)
            html = html_template.format(
                url=target_url or self.url,
                description=description or 'The build has failed.')
            members = [self.project.owner] + self.project.members.all()
            recipients = [member.email for member in members if member.email]

            if recipients:
                message = Message(
                    header,
                    html=html,
                    recipients=recipients)
                mail.send(message)


    @property
    def url(self):
        return flask.url_for(
            'projects.build', project_id=self.project.id, id=self.id)

    def get_github_com_commit_url(self):
        return ('https://github.com/{0.project.gh_full_name}/'
                'commit/{0.gh_commit_sha}'.format(self))



[docs]class HookCall(db.Model):
    """Reflects a fact that GitHub triggered a project hook."""
    __table_args__ = (
        db.UniqueConstraint('build_id', 'hook_id',
                            name='unique_hook_call_within_build'),
    )

    id = db.Column(db.Integer, primary_key=True)
    # Allow hook_id be null because we don't want to lose all the hook calls
    # data when a manager deletes the hook
    hook_id = db.Column(db.Integer, db.ForeignKey('hook.id', ondelete='SET NULL'))
    build_id = db.Column(db.Integer, db.ForeignKey('build.id'), nullable=False)

    #: Created at
    created_at = db.Column(db.DateTime, nullable=False,
                           default=datetime.datetime.utcnow)
    #: JSON payload from a GitHub webhook request
    gh_payload = db.deferred(db.Column(JSONEncodedDict, nullable=False))
    #: Hook
    hook = db.relationship(Hook, backref=db.backref('calls', lazy='dynamic'))
    #: Build
    build = db.relationship(
        Build, backref=db.backref('hook_calls', lazy='dynamic', cascade='all'))



[docs]class Job(db.Model):
    """A job that caused by a hook call."""
    id = db.Column(db.Integer, primary_key=True)
    build_id = db.Column(db.Integer, db.ForeignKey('build.id'),
                         nullable=False)
    hook_call_id = db.Column(db.Integer, db.ForeignKey('hook_call.id'),
                             nullable=False)

    #: Time the job has started or None
    started_at = db.Column(db.DateTime)
    #: Time the job has finished or None
    finished_at = db.Column(db.DateTime)
    #: Return code
    return_code = db.Column(db.Integer)
    #: Job log
    stdout = db.deferred(db.Column(sqlalchemy.dialects.mysql.MEDIUMBLOB))
    #: uuid of a Celery task that is running a job
    task_uuid = db.Column(db.String(36))
    #: :class:`Build`
    build = db.relationship(
        Build, backref=db.backref('jobs', lazy='dynamic', cascade='all'))
    #: :class:`HookCall`
    hook_call = db.relationship('HookCall')

    def __repr__(self):
        return u'<Job #{0.id}>'.format(self).encode('utf-8')

[docs]    def get_cache_id(self):
        """Returns a string that can be used for tagging a Docker image
        built from the install script.
        A cache id changes whenever the base Docker image, the install
        script or any of the :term:`tracked files` is changed.

        .. note::

            Requires that Docker is running and Docker base image
            (:attr:`self.hook_call.hook.docker_image`) is pulled.
        """
        hook = self.hook_call.hook
        gh = self.build.project.gh
        commit_sha = self.build.gh_commit_sha

        docker_image_id = docker_utils.get_docker_image_id(
            *hook.docker_image.rsplit(':'))
        assert docker_image_id
        hash_parts = [docker_image_id, hook.install_script]

        for tracked_file in hook.tracked_files.order_by(TrackedFile.path):
            path = tracked_file.path
            # GitHub API wants to see paths relative to the repo directory
            # ("./basic.txt" does not work, whereas "basic.txt" does)
            path = os.path.relpath(path, start='.')
            if path == '.':
                # Special case: os.path.relpath('.', start='.') returns ".",
                # but GitHub API wants to see "/" or "".
                path = ''

            contents = gh.contents(path, ref=commit_sha)
            if isinstance(contents, dict):
                # `contents` represents a directory. Add all its entries
                # to the hash
                for file_path, file_contents in contents.iteritems():
                    hash_parts.append(file_path + file_contents.sha)
            elif contents:
                # `contents` represents a regular file
                hash_parts.append(path + contents.sha)
            else:
                # `path` does not exist. But it's still necessary to include
                # it in the hash to be able to detect file removals
                hash_parts.append(path)

        return hashlib.sha256(''.join(hash_parts)).hexdigest()


[docs]    def started(self):
        """Sets :attr:`started_at` and updates :attr:`build` status.
        **Must** be called when the job is started.
        """
        self.started_at = datetime.datetime.utcnow()
        self.finished_at = None
        description = 'Kozmic build #{0} is pending'.format(self.build.number)
        self.build.set_status('pending', description=description)


[docs]    def finished(self, return_code):
        """Sets :attr:`finished_at` and updates :attr:`build` status.
        **Must** be called when the job is finished.
        """
        self.return_code = return_code
        self.finished_at = datetime.datetime.utcnow()

        if return_code != 0:
            description = (
                'Kozmic build #{0} has failed '
                'because of the "{1}" job'.format(
                    self.build.number,
                    self.hook_call.hook.title))
            self.build.set_status('failure', description=description)
            return

        jobs = self.build.jobs
        all_other_jobs_finished = all(job.finished_at for job in jobs
                                      if job.id != self.id)
        all_other_jobs_succeeded = all(job.return_code == 0 for job in jobs
                                       if job.id != self.id)
        if all_other_jobs_finished and all_other_jobs_succeeded:
            description = 'Kozmic build #{0} has passed'.format(self.build.number)
            self.build.set_status('success', description=description)
            return


    @property
    def tailer_url(self):
        """URL of a websocket that streams a job log in realtime."""
        return flask.current_app.config['TAILER_URL_TEMPLATE'].format(
            job_id=self.task_uuid)

    @property
    def permanent_url(self):
        """A permanent URL of the job."""
        return flask.url_for('.job', project_id=self.build.project.id,
                             build_id=self.build.id, id=self.id)

[docs]    def is_finished(self):
        """Is the job finished?"""
        return self.status in ('success', 'failure', 'error')


    @property
    def status(self):
        """One of the following values: 'enqueued', 'success', 'pending',
        'failure', 'error'.
        """
        if not self.started_at:
            return 'enqueued'
        elif self.started_at and not self.finished_at:
            return 'pending'
        elif self.finished_at:
            if self.return_code == 0:
                return 'success'
            else:
                return 'failure'
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  Source code for kozmic.__init__

# coding: utf-8
"""
kozmic
~~~~~~

.. autofunction:: create_app
"""
import os
import logging

import docker as _docker
import flask
import raven.contrib
from celery import Celery, Task
from werkzeug.local import LocalProxy
from flask.ext.sqlalchemy import SQLAlchemy
from flask.ext.migrate import Migrate
from flask.ext.login import LoginManager
from flask.ext.principal import Principal
from flask.ext.assets import Environment, Bundle
from flask.ext.wtf.csrf import CsrfProtect
from flask.ext.mail import Mail
from flask.ext.moment import Moment


VERSION = '0.0.1'


def get_version():
    return VERSION


db = SQLAlchemy()
migrate = Migrate()
login_manager = LoginManager()
principal = Principal()
celery = Celery()
csrf = CsrfProtect()
mail = Mail()
moment = Moment()
docker = LocalProxy(lambda: _docker.Client(
    base_url=flask.current_app.config['DOCKER_URL'],
    version=flask.current_app.config['DOCKER_API_VERSION']))


[docs]def create_app(config=None):
    """Returns a fully configured :class:`Flask` application.

    :param config: a config object or it's name. Will be passed directly
                   to :meth:`flask.config.Config.from_object`.
                   If not specified, the value of ``KOZMIC_CONFIG``
                   environment variable will be used.
                   If ``KOZMIC_CONFIG`` is not specified,
                   ``'kozmic.config.DefaultConfig'`` will be used.
    """
    app = flask.Flask(__name__)
    config = config or os.environ.get('KOZMIC_CONFIG',
                                      'kozmic.config.DefaultConfig')
    app.config.from_object(config)
    configure_logging(app)
    configure_extensions(app)
    configure_blueprints(app)
    register_jinja2_globals_and_filters(app)
    return app



def configure_logging(app):
    app.logger.setLevel(logging.INFO)
    if not (app.debug or app.testing):
        handler = logging.StreamHandler()
        app.logger.addHandler(handler)


def configure_extensions(app):
    db.init_app(app)
    migrate.init_app(app, db)
    login_manager.init_app(app)
    principal.init_app(app)
    init_celery_app(app, celery)
    csrf.init_app(app)
    mail.init_app(app)
    moment.init_app(app)
    assets = Environment(app)
    css = Bundle(
        'css/libs/bootstrap.css',
        'css/libs/codemirror.css',
        'css/styles.css',
        output='gen/style.css')
    js = Bundle(
        'js/libs/jquery.js',
        'js/libs/codemirror.js',
        'js/libs/bootstrap.js',
        'js/tailer.js',
        'js/hook-form.js',
        output='gen/common.js')
    assets.register('css', css)
    assets.register('js', js)


def configure_blueprints(app):
    from . import auth
    app.register_blueprint(auth.bp)

    from . import repos
    app.register_blueprint(repos.bp, url_prefix='/repositories')

    from . import accounts
    app.register_blueprint(accounts.bp, url_prefix='/account')

    from . import projects
    app.register_blueprint(projects.bp, url_prefix='/projects')

    from . import builds
    app.register_blueprint(builds.bp)

    @app.route('/')
    def index():
        return flask.redirect(flask.url_for('projects.index'))


def register_jinja2_globals_and_filters(app):
    import wtforms
    from kozmic.builds import get_ansi_to_html_converter
    app.jinja_env.globals['get_version'] = get_version
    app.jinja_env.globals['bootstrap_is_hidden_field'] = \
        lambda field: isinstance(field, wtforms.HiddenField)
    ansi_converter = get_ansi_to_html_converter()
    app.jinja_env.filters['ansi2html'] = \
        lambda ansi: ansi_converter.convert(ansi, full=False)
    app.jinja_env.filters['precise_moment'] = \
        lambda dt: moment.create(dt).format('H:mm:ss, MMM DD')
    app.jinja_env.globals['render_ansi2html_style_tag'] = \
        ansi_converter.produce_headers


def init_celery_app(app, celery):
    celery.config_from_object(app.config)

    class ContextTask(Task):
        abstract = True

        def __call__(self, *args, **kwargs):
            with create_app().app_context():
                return super(ContextTask, self).__call__(*args, **kwargs)

    celery.Task = ContextTask

    sentry_dsn = app.config['KOZMIC_SENTRY_DSN']
    if sentry_dsn:
        client = raven.Client(sentry_dsn)
        raven.contrib.celery.register_signal(client)
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  Source code for celery.local

# -*- coding: utf-8 -*-
"""
    celery.local
    ~~~~~~~~~~~~

    This module contains critical utilities that
    needs to be loaded as soon as possible, and that
    shall not load any third party modules.

    Parts of this module is Copyright by Werkzeug Team.

"""
from __future__ import absolute_import

import importlib
import sys

from .five import string

__all__ = ['Proxy', 'PromiseProxy', 'try_import', 'maybe_evaluate']

__module__ = __name__  # used by Proxy class body

PY3 = sys.version_info[0] == 3


def _default_cls_attr(name, type_, cls_value):
    # Proxy uses properties to forward the standard
    # class attributes __module__, __name__ and __doc__ to the real
    # object, but these needs to be a string when accessed from
    # the Proxy class directly.  This is a hack to make that work.
    # -- See Issue #1087.

    def __new__(cls, getter):
        instance = type_.__new__(cls, cls_value)
        instance.__getter = getter
        return instance

    def __get__(self, obj, cls=None):
        return self.__getter(obj) if obj is not None else self

    return type(name, (type_, ), {
        '__new__': __new__, '__get__': __get__,
    })


def try_import(module, default=None):
    """Try to import and return module, or return
    None if the module does not exist."""
    try:
        return importlib.import_module(module)
    except ImportError:
        return default


class Proxy(object):
    """Proxy to another object."""

    # Code stolen from werkzeug.local.Proxy.
    __slots__ = ('__local', '__args', '__kwargs', '__dict__')

    def __init__(self, local,
                 args=None, kwargs=None, name=None, __doc__=None):
        object.__setattr__(self, '_Proxy__local', local)
        object.__setattr__(self, '_Proxy__args', args or ())
        object.__setattr__(self, '_Proxy__kwargs', kwargs or {})
        if name is not None:
            object.__setattr__(self, '__custom_name__', name)
        if __doc__ is not None:
            object.__setattr__(self, '__doc__', __doc__)

    @_default_cls_attr('name', str, __name__)
    def __name__(self):
        try:
            return self.__custom_name__
        except AttributeError:
            return self._get_current_object().__name__

    @_default_cls_attr('module', str, __module__)
    def __module__(self):
        return self._get_current_object().__module__

    @_default_cls_attr('doc', str, __doc__)
    def __doc__(self):
        return self._get_current_object().__doc__

    def _get_class(self):
        return self._get_current_object().__class__

    @property
    def __class__(self):
        return self._get_class()

    def _get_current_object(self):
        """Return the current object.  This is useful if you want the real
        object behind the proxy at a time for performance reasons or because
        you want to pass the object into a different context.
        """
        loc = object.__getattribute__(self, '_Proxy__local')
        if not hasattr(loc, '__release_local__'):
            return loc(*self.__args, **self.__kwargs)
        try:
            return getattr(loc, self.__name__)
        except AttributeError:
            raise RuntimeError('no object bound to {0.__name__}'.format(self))

    @property
    def __dict__(self):
        try:
            return self._get_current_object().__dict__
        except RuntimeError:  # pragma: no cover
            raise AttributeError('__dict__')

    def __repr__(self):
        try:
            obj = self._get_current_object()
        except RuntimeError:  # pragma: no cover
            return '<{0} unbound>'.format(self.__class__.__name__)
        return repr(obj)

    def __bool__(self):
        try:
            return bool(self._get_current_object())
        except RuntimeError:  # pragma: no cover
            return False
    __nonzero__ = __bool__  # Py2

    def __unicode__(self):
        try:
            return string(self._get_current_object())
        except RuntimeError:  # pragma: no cover
            return repr(self)

    def __dir__(self):
        try:
            return dir(self._get_current_object())
        except RuntimeError:  # pragma: no cover
            return []

    def __getattr__(self, name):
        if name == '__members__':
            return dir(self._get_current_object())
        return getattr(self._get_current_object(), name)

    def __setitem__(self, key, value):
        self._get_current_object()[key] = value

    def __delitem__(self, key):
        del self._get_current_object()[key]

    def __setslice__(self, i, j, seq):
        self._get_current_object()[i:j] = seq

    def __delslice__(self, i, j):
        del self._get_current_object()[i:j]

    __setattr__ = lambda x, n, v: setattr(x._get_current_object(), n, v)
    __delattr__ = lambda x, n: delattr(x._get_current_object(), n)
    __str__ = lambda x: str(x._get_current_object())
    __lt__ = lambda x, o: x._get_current_object() < o
    __le__ = lambda x, o: x._get_current_object() <= o
    __eq__ = lambda x, o: x._get_current_object() == o
    __ne__ = lambda x, o: x._get_current_object() != o
    __gt__ = lambda x, o: x._get_current_object() > o
    __ge__ = lambda x, o: x._get_current_object() >= o
    __hash__ = lambda x: hash(x._get_current_object())
    __call__ = lambda x, *a, **kw: x._get_current_object()(*a, **kw)
    __len__ = lambda x: len(x._get_current_object())
    __getitem__ = lambda x, i: x._get_current_object()[i]
    __iter__ = lambda x: iter(x._get_current_object())
    __contains__ = lambda x, i: i in x._get_current_object()
    __getslice__ = lambda x, i, j: x._get_current_object()[i:j]
    __add__ = lambda x, o: x._get_current_object() + o
    __sub__ = lambda x, o: x._get_current_object() - o
    __mul__ = lambda x, o: x._get_current_object() * o
    __floordiv__ = lambda x, o: x._get_current_object() // o
    __mod__ = lambda x, o: x._get_current_object() % o
    __divmod__ = lambda x, o: x._get_current_object().__divmod__(o)
    __pow__ = lambda x, o: x._get_current_object() ** o
    __lshift__ = lambda x, o: x._get_current_object() << o
    __rshift__ = lambda x, o: x._get_current_object() >> o
    __and__ = lambda x, o: x._get_current_object() & o
    __xor__ = lambda x, o: x._get_current_object() ^ o
    __or__ = lambda x, o: x._get_current_object() | o
    __div__ = lambda x, o: x._get_current_object().__div__(o)
    __truediv__ = lambda x, o: x._get_current_object().__truediv__(o)
    __neg__ = lambda x: -(x._get_current_object())
    __pos__ = lambda x: +(x._get_current_object())
    __abs__ = lambda x: abs(x._get_current_object())
    __invert__ = lambda x: ~(x._get_current_object())
    __complex__ = lambda x: complex(x._get_current_object())
    __int__ = lambda x: int(x._get_current_object())
    __float__ = lambda x: float(x._get_current_object())
    __oct__ = lambda x: oct(x._get_current_object())
    __hex__ = lambda x: hex(x._get_current_object())
    __index__ = lambda x: x._get_current_object().__index__()
    __coerce__ = lambda x, o: x._get_current_object().__coerce__(o)
    __enter__ = lambda x: x._get_current_object().__enter__()
    __exit__ = lambda x, *a, **kw: x._get_current_object().__exit__(*a, **kw)
    __reduce__ = lambda x: x._get_current_object().__reduce__()

    if not PY3:
        __cmp__ = lambda x, o: cmp(x._get_current_object(), o)  # noqa
        __long__ = lambda x: long(x._get_current_object())      # noqa


class PromiseProxy(Proxy):
    """This is a proxy to an object that has not yet been evaulated.

    :class:`Proxy` will evaluate the object each time, while the
    promise will only evaluate it once.

    """

    def _get_current_object(self):
        try:
            return object.__getattribute__(self, '__thing')
        except AttributeError:
            return self.__evaluate__()

    def __evaluated__(self):
        try:
            object.__getattribute__(self, '__thing')
        except AttributeError:
            return False
        return True

    def __maybe_evaluate__(self):
        return self._get_current_object()

    def __evaluate__(self,
                     _clean=('_Proxy__local',
                             '_Proxy__args',
                             '_Proxy__kwargs')):
        try:
            thing = Proxy._get_current_object(self)
            object.__setattr__(self, '__thing', thing)
            return thing
        finally:
            for attr in _clean:
                try:
                    object.__delattr__(self, attr)
                except AttributeError:  # pragma: no cover
                    # May mask errors so ignore
                    pass


def maybe_evaluate(obj):
    try:
        return obj.__maybe_evaluate__()
    except AttributeError:
        return obj
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  Source code for kozmic.perms

"""
kozmic.perms
~~~~~~~~~~~~
"""
from functools import partial

from flask.ext.principal import Permission, RoleNeed, Need


#: Project owner need
project_owner = partial(Need, 'project_owner')
#: Project manager need
project_manager = partial(Need, 'project_manager')
#: Project member need
project_member = partial(Need, 'project_member')


[docs]def delete_project(id):
    """Returns a :class:`Permission` to delete the project
    identified by ``id``.
    """
    return Permission(project_owner(id))



[docs]def manage_project(id):
    """Returns a :class:`Permission` to manage the project
    identified by ``id``.
    """
    return Permission(project_manager(id), project_owner(id))



[docs]def view_project(id):
    """Returns a :class:`Permission` to view the project
    identified by ``id``.
    """
    return Permission(project_member(id)) & manage_project(id)
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  Source code for sqlalchemy.orm.attributes

# orm/attributes.py
# Copyright (C) 2005-2014 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 it's 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

    """

    impl = None
    """The :class:`.AttributeImpl` which is the current event initiator.
    """

    op = None
    """The symbol :attr:`.OP_APPEND`, :attr:`.OP_REMOVE` or :attr:`.OP_REPLACE`,
    indicating the source operation.

    """

    def __init__(self, attribute_impl, op):
        self.impl = attribute_impl
        self.op = op
        self.parent_token = self.impl.parent_token


    @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

    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 set_callable(self, state, callable_):
        """Set a callable function for this attribute on the given object.

        This callable will be executed when the attribute is next
        accessed, and is assumed to construct part of the instances
        previously stored state. When its value or values are loaded,
        they will be established as part of the instance's *committed
        state*.  While *trackparent* information will be assembled for
        these instances, attribute-level event handlers will not be
        fired.

        The callable overrides the class level callable set in the
        ``InstrumentedAttribute`` constructor.

        """
        state.callables[self.key] = callable_

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        raise NotImplementedError()

    def get_all_pending(self, state, dict_):
        """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."""

        dict_[self.key] = None
        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.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 is NO_VALUE:
                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

    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

    @util.memoized_property
    def _replace_token(self):
        return Event(self, OP_REPLACE)

    @util.memoized_property
    def _append_token(self):
        return Event(self, OP_REPLACE)

    @util.memoized_property
    def _remove_token(self):
        return Event(self, OP_REMOVE)

    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)
        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)

    @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

    def delete(self, state, dict_):
        old = self.get(state, dict_)
        self.fire_remove_event(state, dict_, old, self._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_):
        if self.key in dict_:
            current = dict_[self.key]
            if current is not None:
                ret = [(instance_state(current), current)]
            else:
                ret = [(None, None)]

            if self.key in state.committed_state:
                original = state.committed_state[self.key]
                if original not in (NEVER_SET, PASSIVE_NO_RESULT, None) and \
                    original is not current:

                    ret.append((instance_state(original), original))
            return ret
        else:
            return []

    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)

        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)

        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 is not None and
                previous is not PASSIVE_NO_RESULT):
                self.sethasparent(instance_state(previous), state, False)

        for fn in self.dispatch.set:
            value = fn(state, value, previous, initiator or self._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

    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

    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_):
        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]

    @util.memoized_property
    def _append_token(self):
        return Event(self, OP_APPEND)

    @util.memoized_property
    def _remove_token(self):
        return Event(self, OP_REMOVE)

    def fire_append_event(self, state, dict_, value, initiator):
        for fn in self.dispatch.append:
            value = fn(state, value, initiator or self._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)

        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):
        return state.manager.initialize_collection(
            self.key, state, self.collection_factory)

    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 = getattr(old, '_sa_adapter')

        dict_[self.key] = user_data

        collections.bulk_replace(new_values, old_collection, new_collection)
        old_collection.unlink(old)

    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:
            # 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,
                            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 and self.unchanged != [None]
                    )

    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 flask.blueprints

# -*- coding: utf-8 -*-
"""
    flask.blueprints
    ~~~~~~~~~~~~~~~~

    Blueprints are the recommended way to implement larger or more
    pluggable applications in Flask 0.7 and later.

    :copyright: (c) 2011 by Armin Ronacher.
    :license: BSD, see LICENSE for more details.
"""
from functools import update_wrapper

from .helpers import _PackageBoundObject, _endpoint_from_view_func


class BlueprintSetupState(object):
    """Temporary holder object for registering a blueprint with the
    application.  An instance of this class is created by the
    :meth:`~flask.Blueprint.make_setup_state` method and later passed
    to all register callback functions.
    """

    def __init__(self, blueprint, app, options, first_registration):
        #: a reference to the current application
        self.app = app

        #: a reference to the blueprint that created this setup state.
        self.blueprint = blueprint

        #: a dictionary with all options that were passed to the
        #: :meth:`~flask.Flask.register_blueprint` method.
        self.options = options

        #: as blueprints can be registered multiple times with the
        #: application and not everything wants to be registered
        #: multiple times on it, this attribute can be used to figure
        #: out if the blueprint was registered in the past already.
        self.first_registration = first_registration

        subdomain = self.options.get('subdomain')
        if subdomain is None:
            subdomain = self.blueprint.subdomain

        #: The subdomain that the blueprint should be active for, `None`
        #: otherwise.
        self.subdomain = subdomain

        url_prefix = self.options.get('url_prefix')
        if url_prefix is None:
            url_prefix = self.blueprint.url_prefix

        #: The prefix that should be used for all URLs defined on the
        #: blueprint.
        self.url_prefix = url_prefix

        #: A dictionary with URL defaults that is added to each and every
        #: URL that was defined with the blueprint.
        self.url_defaults = dict(self.blueprint.url_values_defaults)
        self.url_defaults.update(self.options.get('url_defaults', ()))

    def add_url_rule(self, rule, endpoint=None, view_func=None, **options):
        """A helper method to register a rule (and optionally a view function)
        to the application.  The endpoint is automatically prefixed with the
        blueprint's name.
        """
        if self.url_prefix:
            rule = self.url_prefix + rule
        options.setdefault('subdomain', self.subdomain)
        if endpoint is None:
            endpoint = _endpoint_from_view_func(view_func)
        defaults = self.url_defaults
        if 'defaults' in options:
            defaults = dict(defaults, **options.pop('defaults'))
        self.app.add_url_rule(rule, '%s.%s' % (self.blueprint.name, endpoint),
                              view_func, defaults=defaults, **options)


class Blueprint(_PackageBoundObject):
    """Represents a blueprint.  A blueprint is an object that records
    functions that will be called with the
    :class:`~flask.blueprint.BlueprintSetupState` later to register functions
    or other things on the main application.  See :ref:`blueprints` for more
    information.

    .. versionadded:: 0.7
    """

    warn_on_modifications = False
    _got_registered_once = False

    def __init__(self, name, import_name, static_folder=None,
                 static_url_path=None, template_folder=None,
                 url_prefix=None, subdomain=None, url_defaults=None):
        _PackageBoundObject.__init__(self, import_name, template_folder)
        self.name = name
        self.url_prefix = url_prefix
        self.subdomain = subdomain
        self.static_folder = static_folder
        self.static_url_path = static_url_path
        self.deferred_functions = []
        self.view_functions = {}
        if url_defaults is None:
            url_defaults = {}
        self.url_values_defaults = url_defaults

    def record(self, func):
        """Registers a function that is called when the blueprint is
        registered on the application.  This function is called with the
        state as argument as returned by the :meth:`make_setup_state`
        method.
        """
        if self._got_registered_once and self.warn_on_modifications:
            from warnings import warn
            warn(Warning('The blueprint was already registered once '
                         'but is getting modified now.  These changes '
                         'will not show up.'))
        self.deferred_functions.append(func)

    def record_once(self, func):
        """Works like :meth:`record` but wraps the function in another
        function that will ensure the function is only called once.  If the
        blueprint is registered a second time on the application, the
        function passed is not called.
        """
        def wrapper(state):
            if state.first_registration:
                func(state)
        return self.record(update_wrapper(wrapper, func))

    def make_setup_state(self, app, options, first_registration=False):
        """Creates an instance of :meth:`~flask.blueprints.BlueprintSetupState`
        object that is later passed to the register callback functions.
        Subclasses can override this to return a subclass of the setup state.
        """
        return BlueprintSetupState(self, app, options, first_registration)

    def register(self, app, options, first_registration=False):
        """Called by :meth:`Flask.register_blueprint` to register a blueprint
        on the application.  This can be overridden to customize the register
        behavior.  Keyword arguments from
        :func:`~flask.Flask.register_blueprint` are directly forwarded to this
        method in the `options` dictionary.
        """
        self._got_registered_once = True
        state = self.make_setup_state(app, options, first_registration)
        if self.has_static_folder:
            state.add_url_rule(self.static_url_path + '/<path:filename>',
                               view_func=self.send_static_file,
                               endpoint='static')

        for deferred in self.deferred_functions:
            deferred(state)

    def route(self, rule, **options):
        """Like :meth:`Flask.route` but for a blueprint.  The endpoint for the
        :func:`url_for` function is prefixed with the name of the blueprint.
        """
        def decorator(f):
            endpoint = options.pop("endpoint", f.__name__)
            self.add_url_rule(rule, endpoint, f, **options)
            return f
        return decorator

    def add_url_rule(self, rule, endpoint=None, view_func=None, **options):
        """Like :meth:`Flask.add_url_rule` but for a blueprint.  The endpoint for
        the :func:`url_for` function is prefixed with the name of the blueprint.
        """
        if endpoint:
            assert '.' not in endpoint, "Blueprint endpoint's should not contain dot's"
        self.record(lambda s:
            s.add_url_rule(rule, endpoint, view_func, **options))

    def endpoint(self, endpoint):
        """Like :meth:`Flask.endpoint` but for a blueprint.  This does not
        prefix the endpoint with the blueprint name, this has to be done
        explicitly by the user of this method.  If the endpoint is prefixed
        with a `.` it will be registered to the current blueprint, otherwise
        it's an application independent endpoint.
        """
        def decorator(f):
            def register_endpoint(state):
                state.app.view_functions[endpoint] = f
            self.record_once(register_endpoint)
            return f
        return decorator

    def app_template_filter(self, name=None):
        """Register a custom template filter, available application wide.  Like
        :meth:`Flask.template_filter` but for a blueprint.

        :param name: the optional name of the filter, otherwise the
                     function name will be used.
        """
        def decorator(f):
            self.add_app_template_filter(f, name=name)
            return f
        return decorator

    def add_app_template_filter(self, f, name=None):
        """Register a custom template filter, available application wide.  Like
        :meth:`Flask.add_template_filter` but for a blueprint.  Works exactly
        like the :meth:`app_template_filter` decorator.

        :param name: the optional name of the filter, otherwise the
                     function name will be used.
        """
        def register_template(state):
            state.app.jinja_env.filters[name or f.__name__] = f
        self.record_once(register_template)

    def app_template_test(self, name=None):
        """Register a custom template test, available application wide.  Like
        :meth:`Flask.template_test` but for a blueprint.

        .. versionadded:: 0.10

        :param name: the optional name of the test, otherwise the
                     function name will be used.
        """
        def decorator(f):
            self.add_app_template_test(f, name=name)
            return f
        return decorator

    def add_app_template_test(self, f, name=None):
        """Register a custom template test, available application wide.  Like
        :meth:`Flask.add_template_test` but for a blueprint.  Works exactly
        like the :meth:`app_template_test` decorator.

        .. versionadded:: 0.10

        :param name: the optional name of the test, otherwise the
                     function name will be used.
        """
        def register_template(state):
            state.app.jinja_env.tests[name or f.__name__] = f
        self.record_once(register_template)

    def app_template_global(self, name=None):
        """Register a custom template global, available application wide.  Like
        :meth:`Flask.template_global` but for a blueprint.

        .. versionadded:: 0.10

        :param name: the optional name of the global, otherwise the
                     function name will be used.
        """
        def decorator(f):
            self.add_app_template_global(f, name=name)
            return f
        return decorator

    def add_app_template_global(self, f, name=None):
        """Register a custom template global, available application wide.  Like
        :meth:`Flask.add_template_global` but for a blueprint.  Works exactly
        like the :meth:`app_template_global` decorator.

        .. versionadded:: 0.10

        :param name: the optional name of the global, otherwise the
                     function name will be used.
        """
        def register_template(state):
            state.app.jinja_env.globals[name or f.__name__] = f
        self.record_once(register_template)

    def before_request(self, f):
        """Like :meth:`Flask.before_request` but for a blueprint.  This function
        is only executed before each request that is handled by a function of
        that blueprint.
        """
        self.record_once(lambda s: s.app.before_request_funcs
            .setdefault(self.name, []).append(f))
        return f

    def before_app_request(self, f):
        """Like :meth:`Flask.before_request`.  Such a function is executed
        before each request, even if outside of a blueprint.
        """
        self.record_once(lambda s: s.app.before_request_funcs
            .setdefault(None, []).append(f))
        return f

    def before_app_first_request(self, f):
        """Like :meth:`Flask.before_first_request`.  Such a function is
        executed before the first request to the application.
        """
        self.record_once(lambda s: s.app.before_first_request_funcs.append(f))
        return f

    def after_request(self, f):
        """Like :meth:`Flask.after_request` but for a blueprint.  This function
        is only executed after each request that is handled by a function of
        that blueprint.
        """
        self.record_once(lambda s: s.app.after_request_funcs
            .setdefault(self.name, []).append(f))
        return f

    def after_app_request(self, f):
        """Like :meth:`Flask.after_request` but for a blueprint.  Such a function
        is executed after each request, even if outside of the blueprint.
        """
        self.record_once(lambda s: s.app.after_request_funcs
            .setdefault(None, []).append(f))
        return f

    def teardown_request(self, f):
        """Like :meth:`Flask.teardown_request` but for a blueprint.  This
        function is only executed when tearing down requests handled by a
        function of that blueprint.  Teardown request functions are executed
        when the request context is popped, even when no actual request was
        performed.
        """
        self.record_once(lambda s: s.app.teardown_request_funcs
            .setdefault(self.name, []).append(f))
        return f

    def teardown_app_request(self, f):
        """Like :meth:`Flask.teardown_request` but for a blueprint.  Such a
        function is executed when tearing down each request, even if outside of
        the blueprint.
        """
        self.record_once(lambda s: s.app.teardown_request_funcs
            .setdefault(None, []).append(f))
        return f

    def context_processor(self, f):
        """Like :meth:`Flask.context_processor` but for a blueprint.  This
        function is only executed for requests handled by a blueprint.
        """
        self.record_once(lambda s: s.app.template_context_processors
            .setdefault(self.name, []).append(f))
        return f

    def app_context_processor(self, f):
        """Like :meth:`Flask.context_processor` but for a blueprint.  Such a
        function is executed each request, even if outside of the blueprint.
        """
        self.record_once(lambda s: s.app.template_context_processors
            .setdefault(None, []).append(f))
        return f

    def app_errorhandler(self, code):
        """Like :meth:`Flask.errorhandler` but for a blueprint.  This
        handler is used for all requests, even if outside of the blueprint.
        """
        def decorator(f):
            self.record_once(lambda s: s.app.errorhandler(code)(f))
            return f
        return decorator

    def url_value_preprocessor(self, f):
        """Registers a function as URL value preprocessor for this
        blueprint.  It's called before the view functions are called and
        can modify the url values provided.
        """
        self.record_once(lambda s: s.app.url_value_preprocessors
            .setdefault(self.name, []).append(f))
        return f

    def url_defaults(self, f):
        """Callback function for URL defaults for this blueprint.  It's called
        with the endpoint and values and should update the values passed
        in place.
        """
        self.record_once(lambda s: s.app.url_default_functions
            .setdefault(self.name, []).append(f))
        return f

    def app_url_value_preprocessor(self, f):
        """Same as :meth:`url_value_preprocessor` but application wide.
        """
        self.record_once(lambda s: s.app.url_value_preprocessors
            .setdefault(None, []).append(f))
        return f

    def app_url_defaults(self, f):
        """Same as :meth:`url_defaults` but application wide.
        """
        self.record_once(lambda s: s.app.url_default_functions
            .setdefault(None, []).append(f))
        return f

    def errorhandler(self, code_or_exception):
        """Registers an error handler that becomes active for this blueprint
        only.  Please be aware that routing does not happen local to a
        blueprint so an error handler for 404 usually is not handled by
        a blueprint unless it is caused inside a view function.  Another
        special case is the 500 internal server error which is always looked
        up from the application.

        Otherwise works as the :meth:`~flask.Flask.errorhandler` decorator
        of the :class:`~flask.Flask` object.
        """
        def decorator(f):
            self.record_once(lambda s: s.app._register_error_handler(
                self.name, code_or_exception, f))
            return f
        return decorator
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# coding: utf-8
"""
kozmic.builds.tasks
~~~~~~~~~~~~~~~~~~~

.. autofunction:: do_job(hook_call_id)
.. autofunction:: restart_job(id)
"""
import os
import sys
import tempfile
import shutil
import contextlib
import threading
import pipes
import subprocess
import fcntl
import select
import Queue
import socket

import redis
from flask import current_app
from celery.utils.log import get_task_logger
from docker import APIError as DockerAPIError

from kozmic import db, celery, docker
from kozmic.models import Job, HookCall
from kozmic.docker_utils import does_docker_image_exist
from . import get_ansi_to_html_converter


logger = get_task_logger(__name__)


@contextlib.contextmanager
def create_temp_dir():
    build_dir = tempfile.mkdtemp()
    yield build_dir
    shutil.rmtree(build_dir)


[docs]class Publisher(object):
    """
    :param redis_client: Redis client
    :type log_path: redis.Redis

    :param channel: pub/sub channel name
    :type channel: str
    """
    def __init__(self, redis_client, channel):
        self._redis_client = redis_client
        self._channel = channel
        self._ansi_converter = get_ansi_to_html_converter()

    def publish(self, lines):
        if isinstance(lines, basestring):
            lines = [lines]
        for line in lines:
            try:
                line = self._ansi_converter.convert(line, full=False) + '\n'
            except:
                pass
            self._redis_client.publish(self._channel, line)
            self._redis_client.rpush(self._channel, line)

    def finish(self):
        # Remove `channel` key to let `tailer` module
        # stop listening pubsub channel
        self._redis_client.delete(self._channel)



[docs]class Tailer(threading.Thread):
    """A daemon thread that waits for additional lines to be appended to a
    specified log file.
    Once there is a new line, it does the following:

    1. Translates ANSI sequences to HTML tags;
    2. Sends the line to a Redis pub/sub channel;
    3. Pushes it to Redis list of the same name.

    If the log file does not change for ``kill_timeout`` seconds,
    specified Docker container will be killed and corresponding message
    will be appended to the log file.

    Once the thread has finished, :attr:`has_killed_container` tells
    whether the :param:`container` has stopped by itself or been killed
    by a timeout.

    :param log_path: path to the log file to watch
    :type log_path: str

    :param publisher: publisher
    :type publisher: :class:`Publisher`

    :param container: container to kill
    :type container: dictionary returned by :meth:`docker.Client.create_container`

    :param kill_timeout: number of seconds since the last log append after
                         which kill the container
    :type kill_timeout: int
    """
    daemon = True

    def __init__(self, log_path, publisher, container, kill_timeout=600):
        threading.Thread.__init__(self)
        self._stop = threading.Event()
        self._log_path = log_path
        self._publisher = publisher
        self._container = container
        self._kill_timeout = kill_timeout
        self._read_timeout = 0.5
        self.has_killed_container = False

    def stop(self):
        self._stop.set()

    def is_stopped(self):
        return self._stop.isSet()

    def _kill_container(self):
        logger.info('Tailer is killing %s', self._container)
        docker.kill(self._container)
        self.has_killed_container = True
        logger.info('%s has been killed.', self._container)

    def run(self):
        logger.info('Tailer has started. Log path: %s', self._log_path)

        tailf = subprocess.Popen(['/usr/bin/tail', '-f', self._log_path],
                                 stdout=subprocess.PIPE)
        try:
            fl = fcntl.fcntl(tailf.stdout, fcntl.F_GETFL)
            fcntl.fcntl(tailf.stdout, fcntl.F_SETFL, fl | os.O_NONBLOCK)

            buf = ''
            iterations_without_read = 0
            while True:
                if self.is_stopped():
                    break
                reads, _, _ = select.select([tailf.stdout], [], [], self._read_timeout)
                if not reads:
                    iterations_without_read += 1
                    if iterations_without_read * self._read_timeout < self._kill_timeout:
                        continue
                    else:
                        self._kill_container()
                        return
                else:
                    iterations_without_read = 0

                buf += tailf.stdout.read()
                lines = buf.split('\n')

                if lines[-1] == '':
                    buf = ''
                else:
                    buf = lines[-1]
                lines = lines[:-1]

                self._publisher.publish(lines)
        finally:
            tailf.terminate()
            tailf.wait()



SCRIPT_STARTER_SH = '''
set -x
set -e
function cleanup {{  # escape
  # Files created during the build in /kozmic/ folder are owned by root
  # from the host point of view, because the Docker daemon runs from root.
  # As a result, Celery worker, which runs as normal user, can not delete
  # it's temporary folder that is mapped to /kozmic/ container's folder.

  # To work around this we give everyone write permissions to the
  # all /kozmic subfolders.

  # Note: `|| true` to be sure that we will not change
  # ./script.sh return code by running `chmod`

  chmod -Rf a+w $(find /kozmic -type d) || true
}}  # escape
trap cleanup EXIT

# Add GitHub to known hosts
ssh-keyscan -H github.com >> /etc/ssh/ssh_known_hosts

if [ -f /kozmic/id_rsa ] && [ -f /kozmic/askpass.sh ]; then
  # Start ssh-agent service...
  eval `ssh-agent -s`
  # ...and add private key to the agent, so we won't be asked
  # for passphrase during git clone. Let ssh-add read passphrase
  # by running askpass.sh for the security's sake.
  SSH_ASKPASS=/kozmic/askpass.sh DISPLAY=:0.0 nohup ssh-add /kozmic/id_rsa
  rm /kozmic/askpass.sh /kozmic/id_rsa
fi

git clone {clone_url} /kozmic/src
cd /kozmic/src && git checkout -q {commit_sha}

chown -R kozmic /kozmic
# Redirect stdout to the file being translated to the redis pubsub channel
TERM=xterm su kozmic -c "/kozmic/script.sh" &>> /kozmic/script.log
'''.strip()

ASKPASS_SH = '''
#!/bin/bash
if [[ "$1" == *"Bad passphrase, try again"* ]]; then
  # If we don't exit on "bad passphrase", ssh-add will
  # never stop calling this script.
  exit 1
fi

echo {passphrase}
'''.strip()


[docs]class Builder(threading.Thread):
    """A thread that starts a script in a container and waits
    for it to complete.

    One of the following attributes is not ``None`` once
    the thread has finished:

    .. attribute:: return_code

        Integer, a build script's return code if everything went well.

    .. attribute:: exc_info

        ``exc_info`` triple ``(type, value, traceback)``
        if something went wrong.

    :param docker: Docker client
    :type docker: :class:`docker.Client`

    :param message_queue: a queue to which put an identifier of the started
                          Docker container. Identifier is a dictionary returned
                          by :meth:`docker.Client.create_container`.
                          Builder will block until the message is acknowledged
                          by calling :meth:`Queue.Queue.task_done`.
    :type message_queue: :class:`Queue.Queue`

    :param deploy_key: a pair of strings (private key, passphrase)
    :type deploy_key: 2-tuple of strings

    :param docker_image: a name of Docker image to be used for
                         :attr:`build_script` execution. The image
                         has to be already pulled from the registry.
    :type docker_image: str

    :param working_dir: path of the directory to be mounted in container's
                        `/kozmic` path
    :type working_dir: str

    :param clone_url: SSH clone URL
    :type clone_url: str

    :param commit_sha: SHA of the commit to be checked out
    :type commit_sha: str
    """
    def __init__(self, docker, message_queue, docker_image, script,
                 working_dir, clone_url, commit_sha, deploy_key=None):
        threading.Thread.__init__(self)

        self._docker = docker
        self._message_queue = message_queue
        self._docker_image = docker_image
        self._build_script = script
        self._working_dir = working_dir
        self._clone_url = clone_url
        self._commit_sha = commit_sha

        self._rsa_private_key = None
        self._passphrase = None
        if deploy_key:
            self._rsa_private_key, self._passphrase = deploy_key

        self.return_code = None
        self.exc_info = None
        self.container = None

    def run(self):
        try:
            self.return_code = self._run()
        except:
            self.exc_info = sys.exc_info()

    def _run(self):
        logger.info('Builder has started.')

        working_dir_path = lambda f: os.path.join(self._working_dir, f)

        script_starter_sh_path = working_dir_path('script-starter.sh')
        script_starter_sh_content = SCRIPT_STARTER_SH.format(
            clone_url=pipes.quote(self._clone_url),
            commit_sha=pipes.quote(self._commit_sha))
        with open(script_starter_sh_path, 'w') as script_starter_sh:
            script_starter_sh.write(script_starter_sh_content)

        script_path = working_dir_path('script.sh')
        with open(script_path, 'w') as script:
            script.write(self._build_script)
        os.chmod(script_path, 0o755)

        log_path = working_dir_path('script.log')
        with open(log_path, 'w') as log:
            log.write('')
        os.chmod(log_path, 0o664)

        if self._rsa_private_key and self._passphrase:
            askpass_sh_path = working_dir_path('askpass.sh')
            askpass_sh_content = ASKPASS_SH.format(
                passphrase=pipes.quote(self._passphrase))
            with open(askpass_sh_path, 'w') as askpass_sh:
                askpass_sh.write(askpass_sh_content)
            os.chmod(askpass_sh_path, 0o100)

            id_rsa_path = working_dir_path('id_rsa')
            with open(id_rsa_path, 'w') as id_rsa:
                id_rsa.write(self._rsa_private_key)
            os.chmod(id_rsa_path, 0o400)

        logger.info('Starting Docker process...')
        self.container = self._docker.create_container(
            self._docker_image,
            command='bash /kozmic/script-starter.sh',
            volumes={'/kozmic': {}})

        self._message_queue.put(self.container, block=True, timeout=60)
        self._message_queue.join()

        self._docker.start(self.container, binds={self._working_dir: '/kozmic'})
        logger.info('Docker process %s has started.', self.container)

        return_code = self._docker.wait(self.container)
        try:
            logs = self._docker.logs(self.container)
        except socket.timeout:
            pass
        else:
            logger.info('Docker process log: %s', logs)
        logger.info('Docker process %s has finished with return code %i.',
                    self.container, return_code)
        logger.info('Builder has finished.')

        return return_code



@contextlib.contextmanager
def _run(publisher, stall_timeout, clone_url, commit_sha,
         docker_image, script, deploy_key=None, remove_container=True):
    yielded = False
    stdout = ''
    try:
        with create_temp_dir() as working_dir:
            message_queue = Queue.Queue()
            builder = Builder(
                docker=docker._get_current_object(),  # `docker` is a local proxy
                deploy_key=deploy_key,
                clone_url=clone_url,
                commit_sha=commit_sha,
                docker_image=docker_image,
                script=script,
                working_dir=working_dir,
                message_queue=message_queue)

            log_path = os.path.join(working_dir, 'script.log')
            stop_reason = ''
            try:
                # Start Builder and wait until it will create the container
                builder.start()
                container = message_queue.get(block=True, timeout=60)

                # Now the container id is known and we can pass it to Tailer
                tailer = Tailer(
                    log_path=log_path,
                    publisher=publisher,
                    container=container,
                    kill_timeout=stall_timeout)
                tailer.start()
                try:
                    # Tell Builder to continue and wait for it to finish
                    message_queue.task_done()
                    builder.join()
                finally:
                    tailer.stop()
                    if tailer.has_killed_container:
                        stop_reason = '\nSorry, your script has stalled and been killed.\n'
            finally:
                if builder.container and remove_container:
                    docker.remove_container(builder.container)

                if os.path.exists(log_path):
                    with open(log_path, 'r') as log:
                        stdout = log.read()

                assert ((builder.return_code is not None) ^
                        (builder.exc_info is not None))
                if builder.exc_info:
                    # Re-raise exception happened in builder
                    # (it will be catched in the outer try-except)
                    raise builder.exc_info[1], None, builder.exc_info[2]
                else:
                    try:
                        yield (builder.return_code,
                               stdout + stop_reason,
                               builder.container)
                    except:
                        raise
                    finally:
                        yielded = True  # otherwise we get "generator didn't
                                        # stop after throw()" error if nested
                                        # code raised exception
    except:
        stdout += ('\nSorry, something went wrong. We are notified of '
                   'the issue and will fix it soon.')
        if not yielded:
            yield 1, stdout, None
        raise


class RestartError(Exception):
    pass


@celery.task
def restart_job(id):
    """A Celery task that restarts a job.

    :param id: int, :class:`Job` identifier
    """
    job = Job.query.get(id)
    assert 'Job#{} does not exist.'.format(id)
    if not job.is_finished():
        raise RestartError('Tried to restart %r which is not finished.', job)

    db.session.delete(job)
    # Run do_job task synchronously:
    do_job.apply(args=(job.hook_call_id,))


@celery.task
def do_job(hook_call_id):
    """A Celery task that does a job specified by a hook call.

    Creates a :class:`Job` instance and executes a build script prescribed
    by a triggered :class:`Hook`. Also sends job output to :attr:`Job.task_uuid`
    Redis pub-sub channel and updates build status.

    :param hook_call_id: int, :class:`HookCall` identifier
    """
    hook_call = HookCall.query.get(hook_call_id)
    assert hook_call, 'HookCall#{} does not exist.'.format(hook_call_id)

    job = Job(
        build=hook_call.build,
        hook_call=hook_call,
        task_uuid=do_job.request.id)
    db.session.add(job)
    job.started()
    db.session.commit()

    hook = hook_call.hook
    project = hook.project
    config = current_app.config

    redis_client = redis.StrictRedis(host=config['KOZMIC_REDIS_HOST'],
                                     port=config['KOZMIC_REDIS_PORT'],
                                     db=config['KOZMIC_REDIS_DATABASE'])
    publisher = Publisher(redis_client=redis_client, channel=job.task_uuid)

    stdout = ''
    try:
        kwargs = dict(
            publisher=publisher,
            stall_timeout=config['KOZMIC_STALL_TIMEOUT'],
            clone_url=(project.gh_https_clone_url if project.is_public else
                       project.gh_ssh_clone_url),
            commit_sha=hook_call.build.gh_commit_sha)

        message = 'Pulling "{}" Docker image...'.format(hook.docker_image)
        logger.info(message)
        publisher.publish(message)
        stdout = message + '\n'

        try:
            docker.pull(hook.docker_image)
            # Make sure that image has been successfully pulled by calling
            # `inspect_image` on it:
            docker.inspect_image(hook.docker_image)
        except DockerAPIError as e:
            logger.info('Failed to pull %s: %s.', hook.docker_image, e)
            job.finished(1)
            job.stdout = str(e)
            db.session.commit()
            return
        else:
            logger.info('%s image has been pulled.', hook.docker_image)

        if not project.is_public:
            project.deploy_key.ensure()

        if not project.is_public:
            kwargs['deploy_key'] = (
                project.deploy_key.rsa_private_key,
                project.passphrase)

        if job.hook_call.hook.install_script:
            cached_image = 'kozmic-cache/{}'.format(job.get_cache_id())
            cached_image_tag = str(project.id)
            if does_docker_image_exist(cached_image, cached_image_tag):
                install_stdout = ('Skipping install script as tracked files '
                                  'did not change...')
                publisher.publish(install_stdout)
                stdout += install_stdout + '\n'
            else:
                with _run(docker_image=hook.docker_image,
                          script=hook.install_script,
                          remove_container=False,
                          **kwargs) as (return_code, install_stdout, container):
                    stdout += install_stdout
                    if return_code == 0:
                        # Install script has finished successfully. So we
                        # promote the resulting container to an image that
                        # we will use for running the build script in
                        # this and consequent jobs
                        docker.commit(container['Id'], repository=cached_image,
                                      tag=cached_image_tag)
                        docker.remove_container(container)
                    else:
                        job.finished(return_code)
                        job.stdout = stdout
                        db.session.commit()
                        return
                assert docker.images(cached_image)
            docker_image = cached_image + ':' + cached_image_tag
        else:
            docker_image = job.hook_call.hook.docker_image

        with _run(docker_image=docker_image,
                  script=hook.build_script,
                  remove_container=True,
                  **kwargs) as (return_code, build_stdout, container):
            job.finished(return_code)
            job.stdout = stdout + build_stdout
            db.session.commit()
            return
    finally:
        publisher.finish()
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  Source code for sqlalchemy.sql.schema

# sql/schema.py
# Copyright (C) 2005-2014 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')


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)

    @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: the Columns for this table should
        be reflected from the database. Usually there will be no Column
        objects in the constructor if this property is set.

    :param autoload_replace: If ``True``, when using ``autoload=True``
        and ``extend_existing=True``,
        replace ``Column`` objects already present in the ``Table`` that's
        in the ``MetaData`` registry with
        what's reflected.  Otherwise, all existing columns will be
        excluded from the reflection process.    Note that this does
        not impact ``Column`` objects specified in the same call to ``Table``
        which includes ``autoload``, those always take precedence.
        Defaults to ``True``.

        .. versionadded:: 0.7.5

    :param autoload_with: If autoload==True, this is an optional Engine
        or Connection instance to be used for the table reflection. If
        ``None``, the underlying MetaData's bound connectable will be used.

    :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 ``extend_existing`` or ``keep_existing`` are not set, an error is
        raised if additional table modifiers are specified when
        the given :class:`.Table` is already present in the :class:`.MetaData`.

        .. versionchanged:: 0.7.4
            ``extend_existing`` will work in conjunction
            with ``autoload=True`` to run a new reflection operation against
            the database; new :class:`.Column` objects will be produced
            from database metadata to replace those existing with the same
            name, and additional :class:`.Column` objects not present
            in the :class:`.Table` will be added.

        As is always the case with ``autoload=True``, :class:`.Column`
        objects can be specified in the same :class:`.Table` constructor,
        which will take precedence.  I.e.::

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

        The above will overwrite all columns within ``mytable`` which
        are present in the database, except for ``y`` which will be used as is
        from the above definition.   If the ``autoload_replace`` flag
        is set to False, no existing columns will be replaced.

    :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. Also see extend_existing.

        If extend_existing or keep_existing are not set, an error is
        raised if additional table modifiers are specified when
        the given :class:`.Table` is already present in the :class:`.MetaData`.

    :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``.

        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 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
        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:
                metadata._remove_table(name, schema)
                raise


    @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
        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 = kwargs.pop('autoload', False)
        autoload_with = kwargs.pop('autoload_with', 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)

    def _init_existing(self, *args, **kwargs):
        autoload = kwargs.pop('autoload', False)
        autoload_with = kwargs.pop('autoload_with', 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):
        """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

        """

        if schema is RETAIN_SCHEMA:
            schema = self.schema
        elif schema is None:
            schema = metadata.schema
        key = _get_table_key(self.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(
            self.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))

            else:
                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

          * Are not referenced by any foreign keys, unless
            the value is specified as ``'ignore_fk'``

            .. versionadded:: 0.7.4

          * 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.  See the SQLite dialect documentation for
            information on SQLite's 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 ``server_default`` which creates a
            default generator on the database side.

        :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.

        :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 received non-unicode "
                                  "default value.")
                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 already assigned to Table '%s'" %
                    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))

        fk_key = (table.key, self.key)
        if fk_key in self.table.metadata._fk_memos:
            for fk in self.table.metadata._fk_memos[fk_key]:
                fk._set_remote_table(table)

    def _on_table_attach(self, fn):
        if self.table is not None:
            fn(self, self.table)
        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] + \
            [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 it's '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,
                    **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 that classes' constructor for details.

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

        :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
        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):
        """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
            return "%s.%s.%s" % (schema, tname, 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):
            fk_key = (self.parent.table.key, self.parent.key)
            if fk_key in self.parent.table.metadata._fk_memos:
                for fk in self.parent.table.metadata._fk_memos[fk_key]:
                    if fk.parent.type._isnull:
                        fk.parent.type = column.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._elements[self.parent] = 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 compatiblity 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, 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 schema: Optional schema name for the sequence, if located
         in a schema other than the default.
        :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.optional = optional
        if 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,
                            **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 _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
        self._create_rule = _create_rule
        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):
    def __init__(self, *columns):
        self.columns = ColumnCollection()
        self._pending_colargs = [_to_schema_column_or_string(c)
                                    for c in columns]
        if self._pending_colargs and \
                isinstance(self._pending_colargs[0], Column) and \
                isinstance(self._pending_colargs[0].table, Table):
            self._set_parent_with_dispatch(self._pending_colargs[0].table)

    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.

        """
        Constraint.__init__(self, **kw)
        ColumnCollectionMixin.__init__(self, *columns)

    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 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(Constraint):
    """A table- or column-level CHECK constraint.

    Can be included in the definition of a Table or Column.
    """

    def __init__(self, sqltext, name=None, deferrable=None,
                    initially=None, table=None, _create_rule=None,
                    _autoattach=True):
        """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.

        """

        super(CheckConstraint, self).\
                        __init__(name, deferrable, initially, _create_rule)
        self.sqltext = _literal_as_text(sqltext)
        if table is not None:
            self._set_parent_with_dispatch(table)
        elif _autoattach:
            cols = _find_columns(self.sqltext)
            tables = set([c.table for c in cols
                        if isinstance(c.table, Table)])
            if len(tables) == 1:
                self._set_parent_with_dispatch(
                        tables.pop())

    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)
        return self._schema_item_copy(c)


class ForeignKeyConstraint(Constraint):
    """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, **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. This is shorthand for the
          usage of :class:`.AddConstraint` and :class:`.DropConstraint` applied
          as "after-create" and "before-drop" events on the MetaData object.
          This is normally used to generate/drop constraints on objects that
          are mutually dependent on each other.

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

        :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

        """
        super(ForeignKeyConstraint, self).\
                        __init__(name, deferrable, initially, **dialect_kw)

        self.onupdate = onupdate
        self.ondelete = ondelete
        self.link_to_name = link_to_name
        if self.name is None and use_alter:
            raise exc.ArgumentError("Alterable Constraint requires a name")
        self.use_alter = use_alter
        self.match = match

        self._elements = util.OrderedDict()

        # 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
        for col, refcol in zip(columns, refcolumns):
            self._elements[col] = 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
                )

        if table is not None:
            self._set_parent_with_dispatch(table)
        elif columns and \
            isinstance(columns[0], Column) and \
                columns[0].table is not None:
            self._set_parent_with_dispatch(columns[0].table)

    @property
    def _referred_schema(self):
        for elem in self._elements.values():
            return elem._referred_schema
        else:
            return None

    def _validate_dest_table(self, table):
        table_keys = set([elem._table_key() for elem in self._elements.values()])
        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 _col_description(self):
        return ", ".join(self._elements)

    @property
    def columns(self):
        return list(self._elements)

    @property
    def elements(self):
        return list(self._elements.values())

    def _set_parent(self, table):
        super(ForeignKeyConstraint, self)._set_parent(table)

        self._validate_dest_table(table)

        for col, fk in self._elements.items():
            # string-specified column names now get
            # resolved to Column objects
            if isinstance(col, util.string_types):
                try:
                    col = table.c[col]
                except KeyError:
                    raise exc.ArgumentError(
                        "Can't create ForeignKeyConstraint "
                        "on table '%s': no column "
                        "named '%s' is present." % (table.description, col))

            if not hasattr(fk, 'parent') or \
                    fk.parent is not col:
                fk._set_parent_with_dispatch(col)

        if self.use_alter:
            def supports_alter(ddl, event, schema_item, bind, **kw):
                return table in set(kw['tables']) and \
                            bind.dialect.supports_alter

            event.listen(table.metadata, "after_create",
                         ddl.AddConstraint(self, on=supports_alter))
            event.listen(table.metadata, "before_drop",
                         ddl.DropConstraint(self, on=supports_alter))

    def copy(self, schema=None, **kw):
        fkc = ForeignKeyConstraint(
                    [x.parent.key for x in self._elements.values()],
                    [x._get_colspec(schema=schema) for x in self._elements.values()],
                    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.values(),
                                fkc._elements.values()):
            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
        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, keeping in mind that at least
    one :class:`.Column` must be present::

        Index("some_index", func.lower(sometable.c.name))

    .. versionadded:: 0.8 support for functional and expression-based indexes.

    .. 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 ultmately 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 \**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 in expressions:
            if not isinstance(expr, ClauseElement):
                columns.append(expr)
            else:
                cols = []
                visitors.traverse(expr, {}, {'column': cols.append})
                if cols:
                    columns.append(cols[0])
                else:
                    columns.append(expr)

        self.expressions = expressions
        self.name = quoted_name(name, kw.pop("quote", None))
        self.unique = kw.pop('unique', False)
        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
        for c in self.columns:
            if c.table != self.table:
                raise exc.ArgumentError(
                    "Column '%s' is not part of table '%s'." %
                    (c, self.table.description)
                )
        table.indexes.add(self)

        self.expressions = [
            expr if isinstance(expr, ClauseElement)
            else colexpr
            for expr, colexpr in zip(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(c) for c in self.columns] +
                        (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
            ):
        """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 other objects associated with this
           :class:`.MetaData`. Defaults to ``None``.

        :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 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 decribe 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
        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}

    def __setstate__(self, state):
        self.tables = state['tables']
        self.schema = state['schema']
        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.

        .. seealso::

            :attr:`.MetaData.tables`

            :meth:`.Inspector.get_table_names`

        """
        return ddl.sort_tables(self.tables.values())

    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 shouldnt 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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