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Dallinger

Dallinger performs laboratory automation for the behavioral and social sciences.


User Documentation


	Installation

	Installing Dallinger with Anaconda

	Developer Installation

	Setting Up AWS, psiTurk, and Heroku

	Demoing Dallinger

	Learning to Use Dallinger

	Required Experimental Files

	Monitoring a Live Experiment

	Viewing the PostgreSQL Database






Demos


	Bartlett (1932), stories

	Networked chatroom-based coordination game

	Transmitting functions

	Bartlett (1932), drawings

	Markov Chain Monte Carlo with People

	Rogers’ Paradox

	The Sheep Market

	Vox Populi (Wisdom of the crowd)






Utility and API Documentation


	Database API

	The Experiment Class

	Web API

	Communicating With the Server

	Command-Line Utility






Miscellaneous


	William Dallinger’s incubator
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Installation

If you would like to contribute to Dallinger, please follow these
alternative install
instructions.


Install Python

Dallinger is written in the language Python. For it to work, you will need
to have Python 2.7 installed. You can check what version of Python you
have by running:

python --version





If you do not have Python 2.7 installed, you can install it from the
Python website [https://www.python.org/downloads/].




Install Postgres

Dallinger uses Postgres to create local databases. On OS X, install
Postgres from postgresapp.com [http://postgresapp.com]. This will
require downloading a zip file, unzipping the file and installing the
unzipped application.

You will then need to add Postgres to your PATH environmental variable.
If you use the default location for installing applications on OS X
(namely /Applications), you can adjust your path by running the
following command:

export PATH="/Applications/Postgres.app/Contents/Versions/9.3/bin:$PATH"





NB: If you have installed a more recent version of Postgres (e.g., the
the upcoming version
9.4 [https://github.com/PostgresApp/PostgresApp/releases/tag/9.4rc1]),
you may need to alter that command slightly to accommodate the more
recent version number. To double check which version to include, then
run:

ls /Applications/Postgres.app/Contents/Versions/





Whatever number that returns is the version number that you should place
in the export command above. If it does not return a number, you
have not installed Postgres correctly in your /Applications folder
or something else is horribly wrong.




Create the Database

After installing Postgres, you will need to create a database for your
experiments to use. Run the following command from the command line:

psql -c 'create database dallinger;' -U postgres








Install Dallinger

Install Dallinger from the terminal by running

pip install dallinger





Test that your installation works by running:

dallinger --version





If you use Anaconda, installing Dallinger probably failed. The problem is
that you need to install bindings for the psycopg2 package (it helps
Python play nicely with Postgres) and you must use conda for conda to
know where to look for the links. You do this with:

conda install psycopg2





Then, try the above installation commands. They should work now, meaning
you can move on.

Next, you’ll need access keys for AWS, Heroku,
etc..
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Installing Dallinger with Anaconda

If you are interested in Dallinger and use
Anaconda [https://www.continuum.io/downloads], you’ll need to adapt
the standard instructions slightly.


Install psycopg2

In order to get the correct bindings, you need to install psycopg2
before you use requirements.txt; otherwise, everything will fail and
you will be endlessly frustrated.

conda install psycopg2








Install Dallinger

You’ll follow all of the Dallinger development installation
instructions,
with the exception of the virtual environment step.  Then return here.




Confirm Dallinger works

Now, we need to make sure that Dallinger and Anaconda play nice with one
another. At this point, we’d check to make sure that Dallinger is properly
installed by typing

dallinger --version





into the command line. For those of us with Anaconda, we’ll get a long
error message. Don’t panic! Add the following to your .bash_profile:

export DYLD_FALLBACK_LIBRARY_PATH=$HOME/anaconda/lib/:$DYLD_FALLBACK_LIBRARY_PATH





If you installed anaconda using Python 3, you will need to change
anaconda in that path to anaconda3.

After you source your .bash_profile, you can check your Dallinger
version (using the same command that we used earlier), which should
return the Dallinger version that you’ve installed.




Re-link Open SSL

Finally, you’ll need to re-link openssl. Run the following:

brew install --upgrade openssl
brew unlink openssl && brew link openssl --force











          

      

      

    


    
    

  

    
      Navigation

      
        	
          index

        	
          next |

        	
          previous |

        	Dallinger 2.2.2 documentation 
 
      

    


    
      
          
            
  
Developer Installation

We recommend installing Dallinger on Mac OS X. It’s also possible to use
Ubuntu.


Install Python 2.7

You will need Python 2.7. You can check what version of Python you have
by running:

python --version





If you do not have Python 2.7 installed, you can install it from the
Python website [https://www.python.org/downloads/].

Or, if you use Homebrew:

brew install python





Or, if you use Anaconda, install using conda, not Homebrew.

If you have Python 3.x installed and and symlinked to the command
python, you will need to create a virtualenv that interprets the
code as python2.7 (for compatibility with the psiturk module).
Fortunately, we will be creating a virtual environment anyway, so as
long as you run brew install python and you don’t run into any
errors because of your symlinks, then you can proceed with the
instructions. If you do run into any errors, good luck, we’re rooting
for you.




Install Postgres

On OS X, we recommend installing
Postgres.app [http://postgresapp.com] to start and stop a Postgres
server. You’ll also want to set up the Postgres command-line utilities
by following the instructions
here [http://postgresapp.com/documentation/cli-tools.html].

You will then need to add Postgres to your PATH environmental variable.
If you use the default location for installing applications on OS X
(namely /Applications), you can adjust your path by running the
following command:

export PATH="$PATH:/Applications/Postgres.app/Contents/Versions/latest/bin"





NB: If you have installed an older version of Postgres (e.g., < 9.5),
you may need to alter that command to accommodate the more recent
version number. To double check which version to include, run:

ls /Applications/Postgres.app/Contents/Versions/





Whatever values that returns are the versions that you should place in
the export command above in the place of latest.

If it does not return a number, you have not installed Postgres
correctly in your /Applications folder or something else is horribly
wrong.

On Ubuntu, follow the instructions under the heading “Installation”
here [https://help.ubuntu.com/community/PostgreSQL].




Create the Database

After installing Postgres, you will need to create a database for your
experiments to use. First, open the Postgres.app. Then, run the
following command from the command line:

psql -c 'create database dallinger;' -U postgres





If you get the following error...

psql: could not connect to server: No such file or directory
    Is the server running locally and accepting
    connections on Unix domain socket "/tmp/.s.PGSQL.5432"?





...then you probably did not start the app.




Set up a virtual environment

Note: if you are using Anaconda, ignore this virtualenv
section; use conda to create your virtual environment. Or, see the
special Anaconda installation instructions.

Set up a virtual environment by running the following commands:

pip install virtualenv
pip install virtualenvwrapper
export WORKON_HOME=$HOME/.virtualenvs
mkdir -p $WORKON_HOME
source $(which virtualenvwrapper.sh)
mkvirtualenv dallinger --python /usr/local/bin/python2.7





These commands use pip, the Python package manager, to install two
packages virtualenv and virtualenvwrapper. They set up an
environmental variable named WORKON_HOME with a string that gives a
path to a subfolder of your home directory (~) called Envs,
which the next command (mkdir) then makes according to the path
described in $WORKON_HOME (recursively, due to the -p flag).
That is where your environments will be stored. The source command
will run the command that follows, which in this case locates the
virtualenvwrapper.sh shell script, the contents of which are beyond
the scope of this setup tutorial. If you want to know what it does, a
more in depth description can be found on the documentation site for virtualenvwrapper [http://virtualenvwrapper.readthedocs.io/en/latest/install.html#python-interpreter-virtualenv-and-path].

Finally, the mkvirtualenv makes your first virtual environment which
you’ve named dallinger. We have explicitly passed it the location of
python2.7 so that even if your python command has been remapped
to python3, it will create the environment with python2.7 as its
interpreter.

In the future, you can work on your virtual environment by running:

source $(which virtualenvwrapper.sh)
workon dallinger





NB: To stop working on the virtual environment, run deactivate. To
list all available virtual environments, run workon with no
arguments.




Install enchant

To be able to build the documentation, you will need to have the Enchant
library installed. Please follow the instructions here [http://pythonhosted.org/pyenchant/download.html] to install it.




Install Dallinger

Next, navigate to the directory where you want to house your development
work on Dallinger. Once there, clone the Git repository using:

git clone https://github.com/Dallinger/Dallinger





This will create a directory called Dallinger in your current
directory.

Change into your the new directory and make sure you are still in your
virtual environment before installing the dependencies. If you want to
be extra careful, run the command workon dallinger, which will ensure
that you are in the right virtual environment.

Note: if you are using Anaconda – as of August 10, 2016 – you will need to
follow special Anaconda installation instructions. This should be fixed in future versions.

cd Dallinger





Now we need to install the dependencies using pip:

pip install -r dev-requirements.txt





Next run setup.py with the argument develop:

python setup.py develop





Test that your installation works by running:

dallinger --version





Note: if you are using Anaconda and get a long traceback here,
please see the special Installing Dallinger with Anaconda.

Next, you’ll need access keys for AWS, Heroku,
etc..
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Setting Up AWS, psiTurk, and Heroku

Before you can use Dallinger, you will need accounts with Amazon Web
Services, Amazon Mechanical Turk, Heroku, and psiTurk. You will then
need to create a configuration file and set up your environment so that
Dallinger can access your accounts.


Create the configuration file

The first step is to create the Dallinger configuration file in your home
directory. You can do this using the Dallinger command-line utility
through

dallinger setup





which will prepopulate a hidden file .dallingerconfig in your home
directory. Alternatively, you can create this file yourself and fill it
in like so:

[AWS Access]
aws_access_key_id = ???
aws_secret_access_key = ???
aws_region = us-east-1

[psiTurk Access]
psiturk_access_key_id = ???
psiturk_secret_access_id = ???

[Heroku Access]
heroku_email_address = ???
heroku_password = ???

[Email Access]
dallinger_email_address = ???
dallinger_email_password = ???

[Task Parameters]
experiment_code_version = 1.0
num_conds = 1
num_counters = 1

[Server Parameters]
port = 5000
cutoff_time = 30
logfile = -
loglevel = 0
debug = true
login_username = examplename
login_pw = examplepassword
threads = 1
clock_on = true





In the next steps, we’ll fill in your config file with keys.




Amazon Web Services API Keys

You can get API keys for Amazon Web Services by following these
instructions [http://docs.aws.amazon.com/general/latest/gr/managing-aws-access-keys.html].

Then fill in the following lines of .dallingerconfig, replacing
??? with your keys:

[AWS Access]
aws_access_key_id = ???
aws_secret_access_key = ???





N.B. One feature of AWS API keys is that they are only displayed
once, and though they can be regenerated, doing so will render invalid
previously generated keys. If you are running experiments using a
laboratory account (or any other kind of group-owned account),
regenerating keys will stop other users who have previously generated
keys from being able to use the AWS account. Unless you are sure that
you will not be interrupting others’ workflows, it is advised that you
do not generate new API keys. If you are not the primary user of the
account, see if you can obtain these keys from others who have
successfully used AWS.




Amazon Mechanical Turk

It’s worth signing up for Amazon Mechanical Turk (perhaps using your AWS
account from above), both as a
requester [https://requester.mturk.com/mturk/beginsignin] and as a
worker [https://www.mturk.com/mturk/beginsignin]. You’ll use this to
test and monitor experiments. You should also sign in to each sandbox,
requester [https://requester.mturk.com/begin_signin] and
worker [https://workersandbox.mturk.com/mturk/welcome] using the
same account. Store this account and password somewhere, but you don’t
need to tell it to Dallinger.




psiTurk

Next, create an account on psiTurk [http://psiturk.org/], which will
require a valid email address. Once you confirm your account, click on
**API Keys** [https://psiturk.org/dashboard/api_credentials], which
will allow you to access your API keys as seen in the image below:


[image: Don't even try to use these API Keys, they've been reissued!]
Don’t even try to use these API Keys, they’ve been reissued!



Place these credential in the .dallingerconfig file:

Then fill in the following lines of .dallingerconfig, replacing
??? with your keys:

[psiTurk Access]
psiturk_access_key_id = ???
psiturk_secret_access_id = ???








Heroku

Next, sign up for Heroku [https://www.heroku.com/] and install the
Heroku toolbelt [https://toolbelt.heroku.com/].

You should see an interface that looks something like the following:


[image: This is the interface with the Heroku app]
This is the interface with the Heroku app



Then, log in from the command line:

heroku login





And fill in the appropriate section of .dallingerconfig:

[Heroku Access]
heroku_email_address = ???
heroku_password = ???








Done?

Done. You’re now all set up with the tools you need to work with
Dallinger.

Next, we’ll test Dallinger to make sure it’s working on your
system.
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Demoing Dallinger

First, make sure you have Dallinger installed:


	Installation

	Developer Installation



To test out Dallinger, we’ll run a demo experiment in debug mode. From
a terminal within the Dallinger directory, run

cd demos/bartlett1932
dallinger debug





You will see some output as Dallinger loads. When it is finished, you will
see something that looks like:

Now serving on http://0.0.0.0:5000
[psiTurk server:on mode:sdbx #HITs:4]$





This is the psiTurk prompt. Into that prompt type:

debug





This will cause the experiment to open in a new window in your browser.
Alternatively, type

debug --print-only





to get the URL of the experiment so that you can view it on a different
machine than the one you are serving it on.

Once you have finished running through the experiment as a participant,
you can type debug again to play as the next participant.

Help, the experiment page is blank! This may happen if you are using
an ad-blocker. Try disabling your ad-blocker and refresh the page.
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Learning to Use Dallinger


Beginner


Key concepts in Dallinger


	Database API

	The Experiment Class






Dallinger as a web app


	Communicating With the Server

	Web API






Experimental design


	Required Experimental Files

	config.txt

	Dallinger.js






Example walkthroughs


	Bartlett1932 walkthrough








Intermediate


Experimental design


	Networks

	Nodes

	Infos

	Transformations

	Using properties 1 through 5

	Processes

	Failing






Running experiments


	Command-Line Utility

	Debugging








Advanced


Experimental design


	Changing route behavior and making new routes

	Sending requests from within Dallinger






Running experiments


	Writing automated tests

	Compensating workers

	Monitoring a live experiment

	Recruiters
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Required Experimental Files

Dallinger is flexible with regards to the form the front end takes.
However, there are a number of required or forbidden files. You can
verify that a directory is compatible by running the
verify command
from a terminal within the directory. Though just because these checks
pass doesn’t mean the experiment will run! The minimal required
structure is as follows:


[image: ]


Blue items are (optional) directories (note that the experiment
directory can have any name), green items are required files (the README
file can be either a txt file or a md file), and red items are forbidden
files that will cause a conflict at run time.


Required files


	config.txt - The config file contains a variety of parameters that
affect how Dallinger runs. For more info see...

	experiment.py - This is a python file containing the custom
experiment code.

	README.txt/md - This (hopefully) contains a helpful description of
the experiment.






Forbidden files

A number of files cannot be included in the experiment directory. This
is because, when Dallinger runs, it inserts a number of required files
into the experiment directory and will overwrite any files with the same
name. The files are as follows:


	complete.html - this html page shows when dallinger is run in debug
mode and the experiment is complete.

	error_dallinger.html - this is a flexible error page that shows when
something goes wrong.

	launch.html - this page is shown when the /launch route is pinged and
the experiment starts successfully.

	robots.txt - this file is returned to bots (e.g. from Google) that
bump into the experiment when crawling the internet.

	dallinger.js - this is a javascript library with a number of helpful
functions.

	reqwest.min.js [https://github.com/ded/reqwest] - this is
required for dallinger.js to work.

	dallinger.css - this contains several css classes that are used in the
demos.
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Monitoring a Live Experiment

There are a number of ways that you can monitor a live experiment:


Command line tools

dallinger summary --app {#id}, where {#id} is the id (w...) of
the application.

This will print a summary showing the number of participants with each
status code, as well as the overall yield:

status  | count
----------------
1   | 26
101 | 80
103 | 43
104 | 2

Yield: 64.00%








Papertrail

You can use Papertrail to view and search the live logs of your
experiment. You can access the logs either through the Heroku
dashboard’s Resources panel
(https://dashboard.heroku.com/apps/{#id}/resources), where {#id} is the
id of your experiment, or directly through Papertrail.com
(https://papertrailapp.com/systems/{#id}/events).


Setting up alerts

You can set up Papertrail to send error notifications to Slack or
another communications platform.


	Take a deep breath.

	Open the Papertrail logs.

	Search for the term error.

	To the right of the search bar, you will see a button titled “+ Save
Search”. Click it. Name the search “Errors”. Then click “Save &
Setup an Alert”, which is to the right of “Save Search”.

	You will be directed to a page with a list of services that you can
use to set up an alert.

	Click, e.g., Slack.

	Choose the desired frequency of alert. We recommend the minimum, 1
minute.

	Under the heading “Slack details”, open (in a new tab or window)
the link new Papertrail
integration.

	This will bring you to a Slack page where you will choose a channel
to post to. You may need to log in.

	Select the desired channel.

	Click “Add Papertrail Integration”.

	You will be brought to a page with more information about the
integration.

	Scroll down to Step 3 to get the Webhook URL. It should look
something like
https://hooks.slack.com/services/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.

	Copy this link to your clipboard.

	Change anything else you want and then scroll to the bottom and
click “Save integration”.

	Go back to Papertrail page that you left in Step 7.

	Paste the copied URL into the input text box labeled “Integration’s
Webhook URL” under the “Slack Details” heading.

	Click “Create Alert” on the same page.

	Victory.
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Viewing the PostgreSQL Database

Postico is a nice tool for examining Postgres databases on OS X. We use
it to connect to live experiment databases. Here are the steps needed to
do this:


	Download Postico [https://eggerapps.at/postico/] and place it in
your Applications folder.

	Open Postico.

	Press the “New Favorite” button in the bottom left corner to access a
new database.

	Get the database credentials from the Heroku dashboard:
	Go to https://dashboard.heroku.com/apps/{app_id}/resources

	Under the Add-ons subheading, go to “Heroku Postgres ::
Database”

	Note the database credentials under the subheading “Connection
Settings”. You’ll use these in step 5.





	Fill in the database settings in Postico. You’ll need to include the:
	Host

	Port

	User

	Password

	Database





	Connect to the database.
	You may see a dialog box pop up saying that Postico cannot verify
the identity of the server. Click “Connect” to proceed.
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Bartlett (1932), stories

Frederic Bartlett’s 1932 book Remembering documents early experiments
that explore how using and transmitting a memory can affect the memory’s
contents. Bartlett wanted to understand how culture shapes memory.
Inspired by Philippe (1897), he performed a series of experiments that
asked participants to repeatedly recall a memory or to pass it down a
chain of people, from one to the next. Bartlett showed that the process
of reproduction alters memories over time, causing them to take on
features from an individual’s culture. More generally, the methods he
developed expose cumulative effects of the forces that reshape and
degrade memories and how they impact the structure and veracity of what
we remember.

Bartlett, F. C. (1932). Remembering. Cambridge: Cambridge University
Press.

In this demo, a story is passed down a chain.

Download the demo.
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Networked chatroom-based coordination game

This is a networked coordination game where players broadcast messages
to each other and try to make the same decision as others.

Download the demo.
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Transmitting functions

Culturally transmitted knowledge changes as it is transmitted from
person to person. Some of the most striking instances of this process
come from cases of language acquisition. For example, in Nicaragua, a
community of deaf children transformed a fragmentary pidgin into a
language with rich grammatical structure by learning from each other
(Kegl and Iwata, 1989; Senghas and Coppola, 2001). Languages, legends,
and social norms are all shaped by the processes of cultural
transmission (Cavalli-Sforza, 1981; Boyd and Richerson, 1988; Kirby,
1999, 2001; Briscoe, 2002).

Laboratory studies of cultural transmission often use the method of
“iterated learning”, which has roots in Bartlett’s
experiments. In the iterated learning paradigm,
information is passed along a chain of individuals, from one to the
next, much like in the children’s game Telephone. Iterated learning
paradigms for the transmission of language and other forms of knowledge
have been developed, too (Kalish et al., 2007; Griffiths and Kalish,
2007; Griffiths et al., 2008a). For example, in one study, participants
learned the relationship between two continuous variables (“function
learning”) and were tested on what they had discovered (Kalish et al.,
2007). Responses on the test were then used to train the next
participant in the chain. Kalish et al. (2007) found that, over time,
knowledge transmitted through the chain reverts to the prior beliefs of
the individual learners.

Kalish, M. L., Griffiths, T. L., & Lewandowsky, S. (2007). Iterated
learning: Intergenerational knowledge transmission reveals inductive
biases. Psychonomic Bulletin and Review, 14, 288-294.

Download the demo.





          

      

      

    


    
    

  

    
      Navigation

      
        	
          index

        	
          next |

        	
          previous |

        	Dallinger 2.2.2 documentation 
 
      

    


    
      
          
            
  
Bartlett (1932), drawings

Frederic Bartlett’s 1932 book Remembering documents early experiments
that explore how using and transmitting a memory can affect the memory’s
contents. Bartlett wanted to understand how culture shapes memory.
Inspired by Philippe (1897), he performed a series of experiments that
asked participants to repeatedly recall a memory or to pass it down a
chain of people, from one to the next. Bartlett showed that the process
of reproduction alters memories over time, causing them to take on
features from an individual’s culture. More generally, the methods he
developed expose cumulative effects of the forces that reshape and
degrade memories and how they impact the structure and veracity of what
we remember.


[image: Bartlett's drawing experiment]
Bartlett’s drawing experiment



Bartlett, F. C. (1932). Remembering. Cambridge: Cambridge University
Press.

In this demo, a drawing is passed down a chain.

Download the demo.
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Markov Chain Monte Carlo with People

Markov Chain Monte Carlo with People (MCMCP) is a method for uncovering
mental representations that exploits an equivalence between a model of
human choice behavior and an element of an MCMC algorithm. This demo
replicates Experiment 3 of Sanborn, Griffiths, & Shiffrin (2010), which
applies MCMCP to four natural categories, providing estimates of the
distributions over animal shapes that people associate with giraffes,
horses, cats, and dogs.

Sanborn, A. N., Griffiths, T. L., & Shiffrin, R. M. (2010). Uncovering
mental representations with Markov chain Monte Carlo. Cognitive
Psychology, 60(2), 63-106.

Download the demo.
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Rogers’ Paradox

This experiment, which demonstrates Rogers paradox, explores the
evolution of asocial learning and unguided social learning in the
context of a numerical discrimination task.

Download the demo.
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The Sheep Market

“The Sheep Market is a collection of 10,000 sheep created by workers on
Amazon’s Mechanical Turk. Each worker was paid $.02 (US) to “draw a
sheep facing left.”

http://www.aaronkoblin.com/project/the-sheep-market/

Download the demo.
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Vox Populi (Wisdom of the crowd)

https://en.wikipedia.org/wiki/Wisdom_of_the_crowd

Download the demo.
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Database API

The classes involved in a Dallinger experiment are:
Network, Node,
Vector, Info,
Transmission,
Transformation,
Participant, and
Question. The code for all these classes can
be seen in models.py. Each class has a corresponding table in the
database, with each instance stored as a row in the table. Accordingly,
each class is defined, in part, by the columns that constitute the table
it is stored in. In addition, the classes have relationships to other
objects and a number of functions.

The classes have relationships to each other as shown in the diagram
below. Be careful to note which way the arrows point. A Node is a
point in a Network that might be associated with a Participant.
A Vector is a directional connection between a Node and another
Node. An Info is information created by a Node. A
Transmission is an instance of an Info being sent along a
Vector. A Transformation is a relationship between an Info
and another Info. A Question is a survey response created by a
Participant.


[image: ]



SharedMixin

All Dallinger classes inherit from a SharedMixin which provides multiple
columns that are common across tables:


	
SharedMixin.id

	a unique number for every entry. 1, 2, 3 and so on...






	
SharedMixin.creation_time

	the time at which the Network was created.






	
SharedMixin.property1

	a generic column that can be used to store experiment-specific details in
String form.






	
SharedMixin.property2

	a generic column that can be used to store experiment-specific details in
String form.






	
SharedMixin.property3

	a generic column that can be used to store experiment-specific details in
String form.






	
SharedMixin.property4

	a generic column that can be used to store experiment-specific details in
String form.






	
SharedMixin.property5

	a generic column that can be used to store experiment-specific details in
String form.






	
SharedMixin.failed

	boolean indicating whether the Network has failed which
prompts Dallinger to ignore it unless specified otherwise. Objects are
usually failed to indicate something has gone wrong.






	
SharedMixin.time_of_death

	the time at which failing occurred








Network

The Network object can be imagined as a set of other objects with
some functions that perform operations over those objects. The objects
that Network‘s have direct access to are all the Node‘s in the
network, the Vector‘s between those Nodes, Infos created by those
Nodes, Transmissions sent along the Vectors by those Nodes and
Transformations of those Infos. Participants and Questions do not exist
within Networks. An experiment may involve multiple Networks,
Transmissions can only occur within networks, not between them.


	
class dallinger.models.Network(**kwargs)[source]

	Contains and manages a set of Nodes and Vectors etc.






Columns


	
Network.type

	A String giving the name of the class. Defaults to
“network”. This allows subclassing.






	
Network.max_size

	How big the network can get, this number is used by the full()
method to decide whether the network is full






	
Network.full

	Whether the network is currently full






	
Network.role

	The role of the network. By default dallinger initializes all
networks as either “practice” or “experiment”








Relationships


	
dallinger.models.Network.all_nodes

	All the Nodes in the network.






	
dallinger.models.Network.all_vectors

	All the vectors in the network.






	
dallinger.models.Network.all_infos

	All the infos in the network.






	
dallinger.models.Network.networks_transmissions

	All the transmissions int he network.






	
dallinger.models.Network.networks_transformations

	All the transformations in the network.








Methods


	
Network.__repr__()[source]

	The string representation of a network.






	
Network.__json__()[source]

	Return json description of a participant.






	
Network.calculate_full()[source]

	Set whether the network is full.






	
Network.fail()[source]

	Fail an entire network.






	
Network.infos(type=None, failed=False)[source]

	Get infos in the network.

type specifies the type of info (defaults to Info). failed { False,
True, “all” } specifies the failed state of the infos. To get infos
from a specific node, see the infos() method in class
Node.






	
Network.latest_transmission_recipient()[source]

	Get the node that most recently received a transmission.






	
Network.nodes(type=None, failed=False, participant_id=None)[source]

	Get nodes in the network.

type specifies the type of Node. Failed can be “all”, False
(default) or True. If a participant_id is passed only
nodes with that participant_id will be returned.






	
Network.print_verbose()[source]

	Print a verbose representation of a network.






	
Network.size(type=None, failed=False)[source]

	How many nodes in a network.

type specifies the class of node, failed
can be True/False/all.






	
Network.transformations(type=None, failed=False)[source]

	Get transformations in the network.

type specifies the type of transformation (default = Transformation).
failed = { False, True, “all” }

To get transformations from a specific node,
see Node.transformations().






	
Network.transmissions(status='all', failed=False)[source]

	Get transmissions in the network.

status { “all”, “received”, “pending” }
failed { False, True, “all” }
To get transmissions from a specific vector, see the
transmissions() method in class Vector.






	
Network.vectors(failed=False)[source]

	Get vectors in the network.

failed = { False, True, “all” }
To get the vectors to/from to a specific node, see Node.vectors().










Node

Each Node represents a single point in a single network. A Node must be
within a Network and may also be associated with a Participant.


	
class dallinger.models.Node(network, participant=None)[source]

	A point in a network.






Columns


	
Node.type

	A String giving the name of the class. Defaults to
node. This allows subclassing.






	
Node.network_id

	the id of the network that this node is a part of






	
Node.participant_id

	the id of the participant whose node this is








Relationships


	
Node.network

	the network the node is in






	
Node.participant

	the participant the node is associated with






	
dallinger.models.Node.all_outgoing_vectors

	All the vectors going out from this Node.






	
dallinger.models.Node.all_incoming_vectors

	All the vectors coming in to this Node.






	
dallinger.models.Node.all_infos

	All Infos created by this Node.






	
dallinger.models.Node.all_outgoing_transmissions

	All Transmissions sent from this Node.






	
dallinger.models.Node.all_incoming_transmissions

	All Transmissions sent to this Node.






	
dallinger.models.Node.transformations_here

	All transformations that took place at this Node.








Methods


	
Node.__repr__()[source]

	The string representation of a node.






	
Node.__json__()[source]

	The json of a node.






	
Node._to_whom()[source]

	To whom to transmit if to_whom is not specified.

Return the default value of to_whom for
transmit(). Should not return None or a list
containing None.






	
Node._what()[source]

	What to transmit if what is not specified.

Return the default value of what for
transmit(). Should not return None or a list
containing None.






	
Node.connect(whom, direction='to')[source]

	Create a vector from self to/from whom.

Return a list of newly created vector between the node and whom.
whom can be a specific node or a (nested) list of nodes. Nodes can
only connect with nodes in the same network. In addition nodes cannot
connect with themselves or with Sources. direction specifies the
direction of the connection it can be “to” (node -> whom), “from” (whom
-> node) or both (node <-> whom). The default is “to”.

Whom may be a (nested) list of nodes.


	Will raise an error if:

	
	whom is not a node or list of nodes

	whom is/contains a source if direction is to or both

	whom is/contains self

	whom is/contains a node in a different network







If self is already connected to/from whom a Warning
is raised and nothing happens.

This method returns a list of the vectors created
(even if there is only one).






	
Node.fail()[source]

	Fail a node, setting its status to “failed”.

Also fails all vectors that connect to or from the node.
You cannot fail a node that has already failed, but you
can fail a dead node.

Set node.failed to True and time_of_death
to now. Instruct all not-failed vectors connected to this node, infos
made by this node, transmissions to or from this node and
transformations made by this node to fail.






	
Node.is_connected(whom, direction='to', failed=None)[source]

	Check whether this node is connected [to/from] whom.

whom can be a list of nodes or a single node.
direction can be “to” (default), “from”, “both” or “either”.

If whom is a single node this method returns a boolean,
otherwise it returns a list of booleans






	
Node.infos(type=None, failed=False)[source]

	Get infos that originate from this node.

Type must be a subclass of Info, the default is
Info. Failed can be True, False or “all”.






	
Node.mutate(info_in)[source]

	Replicate an info + mutation.

To mutate an info, that info must have a method called
_mutated_contents.






	
Node.neighbors(type=None, direction='to', failed=None)[source]

	Get a node’s neighbors - nodes that are directly connected to it.

Type specifies the class of neighbour and must be a subclass of
Node (default is Node).
Connection is the direction of the connections and can be “to”
(default), “from”, “either”, or “both”.






	
Node.receive(what=None)[source]

	Receive some transmissions.

Received transmissions are marked as received, then their infos are
passed to update().

“what” can be:



	None (the default) in which case all pending transmissions are
received.

	a specific transmission.






Will raise an error if the node is told to receive a transmission it has
not been sent.






	
Node.received_infos(type=None, failed=None)[source]

	Get infos that have been sent to this node.

Type must be a subclass of info, the default is Info.






	
Node.replicate(info_in)[source]

	Replicate an info.






	
Node.transformations(type=None, failed=False)[source]

	Get Transformations done by this Node.

type must be a type of Transformation (defaults to Transformation)
Failed can be True, False or “all”






	
Node.transmissions(direction='outgoing', status='all', failed=False)[source]

	Get transmissions sent to or from this node.

Direction can be “all”, “incoming” or “outgoing” (default).
Status can be “all” (default), “pending”, or “received”.
failed can be True, False or “all”






	
Node.transmit(what=None, to_whom=None)[source]

	Transmit one or more infos from one node to another.


	“what” dictates which infos are sent, it can be:

	
	None (in which case the node’s _what method is called).

	an Info (in which case the node transmits the info)

	a subclass of Info (in which case the node transmits all
its infos of that type)

	a list of any combination of the above





	“to_whom” dictates which node(s) the infos are sent to, it can be:

	
	None (in which case the node’s _to_whom method is called)

	a Node (in which case the node transmits to that node)

	a subclass of Node (in which case the node transmits to all
nodes of that type it is connected to)

	a list of any combination of the above





	Will additionally raise an error if:

	
	_what() or _to_whom() returns None or a list containing None.

	what is/contains an info that does not originate from the
transmitting node

	to_whom is/contains a node that the transmitting node does not
have a not-failed connection with.












	
Node.update(infos)[source]

	Process received infos.

Update controls the default behavior of a node when it receives infos.
By default it does nothing.






	
Node.vectors(direction='all', failed=False)[source]

	Get vectors that connect at this node.

Direction can be “incoming”, “outgoing” or “all” (default).
Failed can be True, False or all










Vector

A vector is a directional link between two nodes. Nodes connected by a
vector can send Transmissions to each other, but because Vectors have a
direction, two Vectors are needed for bi-directional Transmissions.


	
class dallinger.models.Vector(origin, destination)[source]

	A directed path that links two Nodes.

Nodes can only send each other information if they are linked by a Vector.






Columns


	
Vector.origin_id

	the id of the Node at which the vector originates






	
Vector.destination_id

	the id of the Node at which the vector terminates.






	
Vector.network_id

	the id of the network the vector is in.








Relationships


	
Vector.origin

	the Node at which the vector originates.






	
Vector.destination

	the Node at which the vector terminates.






	
Vector.network

	the network the vector is in.






	
dallinger.models.Vector.all_transmissions

	All Transmissions sent along the Vector.








Methods


	
Vector.__repr__()[source]

	The string representation of a vector.






	
Vector.__json__()[source]

	The json representation of a vector.






	
Vector.fail()[source]

	Fail a vector.






	
Vector.transmissions(status='all')[source]

	Get transmissions sent along this Vector.

Status can be “all” (the default), “pending”, or “received”.










Info

An Info is a piece of information created by a Node. It can be sent
along Vectors as part of a Transmission.


	
class dallinger.models.Info(origin, contents=None)[source]

	A unit of information.






Columns


	
Info.id

	




	
Info.creation_time

	




	
Info.property1

	




	
Info.property2

	




	
Info.property3

	




	
Info.property4

	




	
Info.property5

	




	
Info.failed

	




	
Info.time_of_death

	




	
Info.type

	a String giving the name of the class. Defaults to “info”.
This allows subclassing.






	
Info.origin_id

	the id of the Node that created the info






	
Info.network_id

	the id of the network the info is in






	
Info.contents

	the contents of the info. Must be stored as a String.








Relationships


	
Info.origin

	the Node that created the info.






	
Info.network

	the network the info is in






	
dallinger.models.Info.all_transmissions

	All Transmissions of this Info.






	
dallinger.models.Info.transformation_applied_to

	All Transformations of which this info is the info_in






	
dallinger.models.Info.transformation_whence

	All Transformations of which this info is the info_out








Methods


	
Info.__repr__()[source]

	The string representation of an info.






	
Info.__json__()[source]

	The json representation of an info.






	
Info._mutated_contents()[source]

	The mutated contents of an info.

When an info is asked to mutate, this method will be executed
in order to determine the contents of the new info created.

The base class function raises an error and so must be overwritten
to be used.






	
Info.fail()[source]

	Fail an info.

Set info.failed to True and time_of_death
to now. Instruct all transmissions and transformations involving this
info to fail.






	
Info.transformations(relationship='all')[source]

	Get all the transformations of this info.

Return a list of transformations involving this info. relationship
can be “parent” (in which case only transformations where the info is
the info_in are returned), “child” (in which case only
transformations where the info is the info_out are returned) or
all (in which case any transformations where the info is the
info_out or the info_in are returned). The default is all






	
Info.transmissions(status='all')[source]

	Get all the transmissions of this info.

status can be all/pending/received.










Transmission

A transmission represents an instance of an Info being sent along a
Vector. Transmissions are not necessarily received when they are sent
(like an email) and must also be received by the Node they are sent to.


	
class dallinger.models.Transmission(vector, info)[source]

	An instance of an Info being sent along a Vector.






Columns


	
Transmission.origin_id

	the id of the Node that sent the transmission






	
Transmission.destination_id

	the id of the Node that the transmission was sent to






	
Transmission.vector_id

	the id of the vector the info was sent along






	
Transmission.network_id

	the id of the network the transmission is in






	
Transmission.info_id

	the id of the info that was transmitted






	
Transmission.receive_time

	the time at which the transmission was received






	
Transmission.status

	the status of the transmission, can be “pending”, which means the
transmission has been sent, but not received; or “received”, which means
the transmission has been sent and received








Relationships


	
Transmission.origin

	the Node that sent the transmission.






	
Transmission.destination

	the Node that the transmission was sent to.






	
Transmission.vector

	the vector the info was sent along.






	
Transmission.network

	the network the transmission is in.






	
Transmission.info

	the info that was transmitted.








Methods


	
Transmission.__repr__()[source]

	The string representation of a transmission.






	
Transmission.__json__()[source]

	The json representation of a transmissions.






	
Transmission.fail()[source]

	Fail a transmission.






	
Transmission.mark_received()[source]

	Mark a transmission as having been received.










Transformation

A Transformation is a relationship between two Infos. It is similar to
how a Vector indicates a relationship between two Nodes, but whereas a
Vector allows Nodes to Transmit to each other, Transformations don’t
allow Infos to do anything new. Instead they are a form of book-keeping
allowing you to keep track of relationships between various Infos.


	
class dallinger.models.Transformation(info_in, info_out)[source]

	An instance of one info being transformed into another.






Columns


	
Transformation.type

	a String giving the name of the class. Defaults to
“transformation”. This allows subclassing.






	
Transformation.node_id

	the id of the Node that did the transformation.






	
Transformation.network_id

	the id of the network the transformation is in.






	
Transformation.info_in_id

	the id of the info that was transformed.






	
Transformation.info_out_id

	the id of the info produced by the transformation.








Relationships


	
Transformation.node

	the Node that did the transformation.






	
Transformation.network

	the network the transmission is in.






	
Transformation.info_in

	the info that was transformed.






	
Transformation.info_out

	the info produced by the transformation.








Methods


	
Transformation.__repr__()[source]

	The string representation of a transformation.






	
Transformation.__json__()[source]

	The json representation of a transformation.






	
Transformation.fail()[source]

	Fail a transformation.










Participant

The Participant object corresponds to a real world participant. Each
person who takes part will have a corresponding entry in the Participant
table. Participants can be associated with Nodes and Questions.


	
class dallinger.models.Participant(worker_id, assignment_id, hit_id, mode)[source]

	An ex silico participant.






Columns


	
Participant.type

	a String giving the name of the class. Defaults to
“participant”. This allows subclassing.






	
Participant.worker_id

	A String, the worker id of the participant.






	
Participant.assignment_id

	A String, the assignment id of the participant.






	
Participant.unique_id

	A String, a concatenation of worker_id
and assignment_id, used by psiTurk.






	
Participant.hit_id

	A String, the id of the hit the participant is working on






	
Participant.mode

	A String, the mode in which Dallinger is running: live,
sandbox or debug.






	
Participant.end_time

	The time at which the participant finished.






	
Participant.base_pay

	The amount the participant was paid for finishing the
experiment.






	
Participant.bonus

	the amount the participant was paid as a bonus.






	
Participant.status

	
	String representing the current status of the participant, can be:

	
	working - participant is working

	submitted - participant has submitted their work

	approved - their work has been approved and they have been paid

	rejected - their work has been rejected

	returned - they returned the hit before finishing

	abandoned - they ran out of time

	did_not_attend - the participant finished, but failed the
attention check

	bad_data - the participant finished, but their data was
malformed

	missing notification - this indicates that Dallinger has
inferred that a Mechanical Turk notification corresponding to this
participant failed to arrive. This is an uncommon, but potentially
serious issue.














Relationships


	
dallinger.models.Participant.all_questions

	All the questions associated with this participant.






	
dallinger.models.Participant.all_nodes

	All the Nodes associated with this participant.








Methods


	
Participant.__json__()[source]

	Return json description of a participant.






	
Participant.fail()[source]

	Fail a participant.

Set failed to True and
time_of_death to now. Instruct all
not-failed nodes associated with the participant to fail.






	
Participant.infos(type=None, failed=False)[source]

	Get all infos created by the participants nodes.

Return a list of infos produced by nodes associated with the
participant. If specified, type filters by class. By default, failed
infos are excluded, to include only failed nodes use failed=True,
for all nodes use failed=all. Note that failed filters the infos,
not the nodes - infos from all nodes (whether failed or not) can be
returned.






	
Participant.nodes(type=None, failed=False)[source]

	Get nodes associated with this participant.

Return a list of nodes associated with the participant. If specified,
type filters by class. By default failed nodes are excluded, to
include only failed nodes use failed=True, for all nodes use
failed=all.






	
Participant.questions(type=None)[source]

	Get questions associated with this participant.

Return a list of questions associated with the participant. If
specified, type filters by class.










Question

A Question is a way to store information associated with a Participant
as opposed to a Node (Infos are made by Nodes, not Participants).
Questions are generally useful for storing responses debriefing
questions etc.


	
class dallinger.models.Question(participant, question, response, number)[source]

	Responses of a participant to debriefing questions.






Columns


	
Question.type

	a String giving the name of the class. Defaults to
“question”. This allows subclassing.






	
Question.participant_id

	the participant who made the response






	
Question.number

	A number identifying the question. e.g., each participant might complete
three questions numbered 1, 2, and 3.






	
Question.question

	the text of the question






	
Question.response

	the participant’s response. Stored as a string.








Relationships


	
Question.participant

	the participant who answered the question








Methods


	
Question.__json__()[source]

	Return json description of a question.






	
Question.fail()[source]

	Fail a question.

Set failed to True and
time_of_death to now.
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The Experiment Class

Experiments are designed in Dallinger by creating a custom subclass of the base
Experiment class. The code for the Experiment class is in experiments.py.
Unlike the other classes, each experiment involves only a
single Experiment object and it is not stored as an entry in a corresponding
table, rather each Experiment is a set of instructions that tell the server
what to do with the database when the server receives requests from outside.


	
class dallinger.experiments.Experiment(session)[source]

	Define the structure of an experiment.


	
verbose

	Boolean, determines whether the experiment logs output when
running. Default is True.






	
task

	String, the name of the experiment. Default is “Experiment
title”.






	
session

	session, the experiment’s connection to the database.






	
practice_repeats

	int, the number of practice networks (see
role). Default is 0.






	
experiment_repeats

	int, the number of non practice networks (see
role). Default is 0.






	
recruiter

	Recruiter, the Dallinger class that recruits participants.
Default is PsiTurkRecruiter.






	
initial_recruitment_size

	int, the number of participants
requested when the experiment first starts. Default is 1.






	
known_classes

	dictionary, the classes Dallinger can make in response
to front-end requests. Experiments can add new classes to this
dictionary.






	
__init__(session)[source]

	Create the experiment class. Sets the default value of attributes.






	
add_node_to_network(node, network)[source]

	Add a node to a network.

This passes node to add_node().






	
assignment_abandoned(participant)[source]

	What to do if a participant abandons the hit.

This runs when a notification from AWS is received indicating that
participant has run out of time. Calls
fail_participant().






	
assignment_returned(participant)[source]

	What to do if a participant returns the hit.

This runs when a notification from AWS is received indicating that
participant has returned the experiment assignment. Calls
fail_participant().






	
attention_check(participant)[source]

	Check if participant performed adequately.

Return a boolean value indicating whether the participant‘s data is
acceptable. This is mean to check the participant’s data to determine
that they paid attention. This check will run once the participant
completes the experiment. By default performs no checks and returns
True. See also data_check().






	
attention_check_failed(participant)[source]

	What to do if a participant fails the attention check.

Runs when participant has failed the
attention_check(). By default calls
fail_participant().






	
bonus(participant)[source]

	The bonus to be awarded to the given participant.

Return the value of the bonus to be paid to participant. By default
returns 0.






	
bonus_reason()[source]

	The reason offered to the participant for giving the bonus.

Return a string that will be included in an email sent to the
participant receiving a bonus. By default it is “Thank you for
participant! Here is your bonus.”






	
create_network()[source]

	Return a new network.






	
create_node(participant, network)[source]

	Create a node for a participant.






	
data_check(participant)[source]

	Check that the data are acceptable.

Return a boolean value indicating whether the participant‘s data is
acceptable. This is meant to check for missing or invalid data. This
check will be run once the participant completes the experiment. By
default performs no checks and returns True. See also,
attention_check().






	
data_check_failed(participant)[source]

	What to do if a participant fails the data check.

Runs when participant has failed data_check(). By default calls
fail_participant().






	
fail_participant(participant)[source]

	Fail all the nodes of a participant.






	
get_network_for_participant(participant)[source]

	Find a network for a participant.

If no networks are available, None will be returned. By default
participants can participate only once in each network and participants
first complete networks with role=”practice” before doing all other
networks in a random order.






	
info_get_request(node, infos)[source]

	Run when a request to get infos is complete.






	
info_post_request(node, info)[source]

	Run when a request to create an info is complete.






	
log(text, key='?????', force=False)[source]

	Print a string to the logs.






	
log_summary()[source]

	Log a summary of all the participants’ status codes.






	
networks(role='all', full='all')[source]

	All the networks in the experiment.






	
node_get_request(node=None, nodes=None)[source]

	Run when a request to get nodes is complete.






	
node_post_request(participant, node)[source]

	Run when a request to make a node is complete.






	
recruit()[source]

	Recruit participants to the experiment as needed.

This method runs whenever a participant successfully completes the
experiment (participants who fail to finish successfully are
automatically replaced). By default it recruits 1 participant at a time
until all networks are full.






	
save(*objects)[source]

	Add all the objects to the session and commit them.

This only needs to be done for networks and participants.






	
setup()[source]

	Create the networks if they don’t already exist.






	
submission_successful(participant)[source]

	Run when a participant submits successfully.






	
transformation_get_request(node, transformations)[source]

	Run when a request to get transformations is complete.






	
transformation_post_request(node, transformation)[source]

	Run when a request to transform an info is complete.






	
transmission_get_request(node, transmissions)[source]

	Run when a request to get transmissions is complete.






	
transmission_post_request(node, transmissions)[source]

	Run when a request to transmit is complete.






	
vector_get_request(node, vectors)[source]

	Run when a request to get vectors is complete.






	
vector_post_request(node, vectors)[source]

	Run when a request to connect is complete.
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Web API

The Dallinger API allows the experiment frontend to communicate with the
backend. Many of these routes correspond to specific functions of
Dallinger’s classes, particularly
dallinger.models.Node. For example,
nodes have a connect method that creates new vectors between nodes
and there is a corresponding connect/ route that allows the frontend
to call this method.


Miscellaneous routes

GET /ad_address/<mode>/<hit_id>





Used to get the address of the experiment on the psiTurk server and to return
participants to Mechanical Turk upon completion of the experiment. This route
is pinged automatically by the function submitAssignment in dallinger.js.

GET /<directory>/<page>





Returns the html page with the name <page> from the directory called
<directory>.

GET /summary





Returns a summary of the statuses of Participants.

GET /<page>





Returns the html page with the name <page>.




Experiment routes

GET /experiment_property/<property>





Returns the value of the requested property as a JSON <property>.

GET /info/<node_id>/<info_id>





Returns a JSON description of the requested info as info.
node_id must be specified to ensure the requesting node has access
to the requested info. Calls experiment method
`info_get_request(node, info).

POST /info/<node_id>





Create an info with its origin set to the specified node. contents
must be passed as data. info_type can be passed as data and will
cause the info to be of the specified type. Also calls experiment method
info_post_request(node, info).

POST /launch





Initializes the experiment and opens recruitment. This route is
automatically pinged by Dallinger.

GET /network/<network_id>





Returns a JSON description of the requested network as network.

POST /node/<node_id>/connect/<other_node_id>





Create vector(s) between the node and other_node by calling
node.connect(whom=other_node). Direction can be passed as data and
will be forwarded as an argument. Calls experiment method
vector_post_request(node, vectors). Returns a list of JSON
descriptions of the created vectors as vectors.

GET /node/<node_id>/infos





Returns a list of JSON descriptions of the infos created by the node as
infos. Infos are identified by calling node.infos().
info_type can be passed as data and will be forwarded as an
argument. Requesting node and the list of infos are also passed to
experiment method info_get_request(node, infos).

GET /node/<node_id>/neighbors





Returns a list of JSON descriptions of the node’s neighbors as
nodes. Neighbors are identified by calling node.neighbors().
node_type and connection can be passed as data and will be
forwarded as arguments. Requesting node and list of neighbors are also
passed to experiment method node_get_request(node, nodes).

GET /node/<node_id>/received_infos





Returns a list of JSON descriptions of the infos sent to the node as
infos. Infos are identified by calling node.received_infos().
info_type can be passed as data and will be forwarded as an
argument. Requesting node and the list of infos are also passed to
experiment method info_get_request(node, infos).

GET /node/<int:node_id>/transformations





Returns a list of JSON descriptions of all the transformations of a node
identified using node.transformations(). The node id must be
specified in the url. You can also pass transformation_type as data
and it will be forwarded to node.transformations() as the argument
type.

GET /node/<node_id>/transmissions





Returns a list of JSON descriptions of the transmissions sent to/from
the node as transmissions. Transmissions are identified by calling
node.transmissions(). direction and status can be passed as
data and will be forwarded as arguments. Requesting node and the list of
transmissions are also passed to experiment method
transmission_get_request(node, transmissions).

POST /node/<node_id>/transmit





Transmit to another node by calling node.transmit(). The sender’s
node id must be specified in the url. As with node.transmit() the
key parameters are what and to_whom and they should be passed
as data. However, the values these accept are more limited than for
the backend due to the necessity of serialization.

If what and to_whom are not specified they will default to
None. Alternatively you can pass an int (e.g. ‘5’) or a class name
(e.g. Info or Agent). Passing an int will get that info/node,
passing a class name will pass the class. Note that if the class you
are specifying is a custom class it will need to be added to the
dictionary of known_classes in your experiment code.

You may also pass the values property1, property2, property3,
property4 and property5. If passed this will fill in the relevant
values of the transmissions created with the values you specified.

The transmitting node and a list of created transmissions are sent to
experiment method transmission_post_request(node, transmissions).
This route returns a list of JSON descriptions of the created
transmissions as transmissions. For example, to transmit all infos
of type Meme to the node with id 10:

reqwest({
    url: "/node/" + my_node_id + "/transmit",
    method: 'post',
    type: 'json',
    data: {
        what: "Meme",
        to_whom: 10,
    },
});





GET /node/<node_id>/vectors





Returns a list of JSON descriptions of vectors connected to the node as
vectors. Vectors are identified by calling node.vectors().
direction and failed can be passed as data and will be forwarded
as arguments. Requesting node and list of vectors are also passed to
experiment method vector_get_request(node, vectors).

POST /node/<participant_id>





Create a node for the specified participant. The route calls the
following experiment methods:
get_network_for_participant(participant),
create_node(network, participant),
add_node_to_network(node, network), and
node_post_request(participant, node). Returns a JSON description of
the created node as node.

POST /notifications
GET /notifications





This is the route to which notifications from AWS are sent. It is also
possible to send your own notifications to this route, thereby
simulating notifications from AWS. Necessary arguments are
Event.1.EventType, which can be AssignmentAccepted,
AssignmentAbandoned, AssignmentReturned or
AssignmentSubmitted, and Event.1.AssignmentId, which is the id
of the relevant assignment. In addition, Dallinger uses a custom event
type of NotificationMissing.

GET /participant/<participant_id>





Returns a JSON description of the requested participant as
participant.

POST /participant/<worker_id>/<hit_id>/<assignment_id>/<mode>





Create a participant. Returns a JSON description of the participant as
participant.

POST /question/<participant_id>





Create a question. question, response and question_id should
be passed as data. Does not return anything.

POST /transformation/<int:node_id>/<int:info_in_id>/<int:info_out_id>





Create a transformation from info_in to info_out at the
specified node. transformation_type can be passed as data and the
transformation will be of that class if it is a known class. Returns a
JSON description of the created transformation.
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Communicating With the Server

When an experiment is running, the database and the experiment class
(i.e. the instructions for what to do with the database) will be hosted
on a server, the server is also known as the “back-end”. However,
participants will take part in experiments via an interactive web-site
(the “front-end”). Accordingly for an experiment to proceed there must
be a means of communication between the front and back ends. This is
achieved with routes:


[image: ]


Routes are specific web addresses on the server that respond to requests
from the front-end. Routes have direct access to the database, though
most of the time they will pass requests to the experiment which will in
turn access the database. As such, changing the behavior of the
experiment is the easiest way to create a new experiment. However it is
also possible to change the behavior of the routes or add new routes
entirely.

Requests generally come in two types: “get” requests, which ask for
information from the database, and “post” requests which send new
information to be added to the database. Once a request is complete the
back-end sends a response back to the front-end. Minimally, this will
include a notification that the request was successfully processed, but
often it will also include additional information.

As long as requests are properly formatted and correctly addressed to
routes, the back-end will send the appropriate response. This means that
the front-end could take any form. For instance requests could come from
a standard HTML/CSS/JS webpage, a more sophisticated web-app, or even
from the experiment itself.
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Command-Line Utility

Dallinger is executed from the command line within the experiment directory with the following commands:


verify

Verifies that a directory is a Dallinger-compatible app.




debug


--verbose

Runs the experiment locally. If --verbose is included more
detailed logs are printed to the command line.






sandbox


--verbose

--app <name>

Runs the experiment on MTurk’s sandbox using Heroku as a server. If
--verbose is included more detailed logs are printed to the
command line. If --app is specified the app on heroku will have
that name.






deploy


--verbose

--app <name>

Runs the experiment live on MTurk using Heroku as a server. If
--verbose is included more detailed logs are printed to the
command line. If --app is specified the app on heroku will have
that name.






logs


--app <app>

Opens the app’s logs in Papertrail.






status

Returns the status of an experiment.




export

Downloads the database and partial server logs to a zipped folder within
the data directory of the experimental folder. Databases are stored in
csv format.




summary


--app <app-id>

Prints a summary of the participant table to the command line. You
must specify the app id.






qualify


--qualification <qualification_id>

--value <value>

--worker <worker_id>

Assigns qualification qualification_id with value value to
worker worker_id. This is useful when compensating workers if
something goes wrong with the experiment.






hibernate


--app <app>

Temporarily scales down the specified app to save money. All dynos are
removed and so are many of the add-ons. Hibernating apps are
non-functional. It is likely that the app will not be entirely free
while hibernating. To restore the app use awaken.






awaken


--app <app>

Retore a hibernating app.
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William Dallinger’s incubator

Dallinger was one of the first scientists to perform experimental evolution. See his Wikipedia article for the specifics of his incubation experiments [https://en.wikipedia.org/wiki/William_Dallinger].
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  Source code for sqlalchemy.sql.schema

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

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

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

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

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

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

"""
from __future__ import absolute_import

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

RETAIN_SCHEMA = util.symbol('retain_schema')

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

    .. versionadded:: 1.0.14

    """
)


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


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

    __visit_name__ = 'schema_item'

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

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

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

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

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

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

        """

        return self.name.quote

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

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

        """
        return {}

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


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

    e.g.::

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

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

    .. seealso::

        :ref:`metadata_describing` - Introduction to database metadata

    Constructor arguments are as follows:

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

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

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

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

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

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

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

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

        .. seealso::

            :ref:`metadata_reflection_toplevel`

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

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

        .. versionadded:: 0.7.5

        .. seealso::

            :paramref:`.Table.autoload`

            :paramref:`.Table.extend_existing`

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

        .. seealso::

            :paramref:`.Table.autoload`

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

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

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

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

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

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

        .. seealso::

            :paramref:`.Table.autoload`

            :paramref:`.Table.autoload_replace`

            :paramref:`.Table.keep_existing`


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

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

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

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

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

        .. seealso::

            :paramref:`.Table.extend_existing`

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

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

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

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

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

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

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

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

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

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

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

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

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

    """

    __visit_name__ = 'table'

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

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

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

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

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

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

        return self.schema.quote

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

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

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

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

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

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

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

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

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

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

        self._extra_kwargs(**kwargs)

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

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

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

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

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

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

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

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

        .. versionadded:: 1.0.0

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

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

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

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

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

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

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

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

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

    def _init_collections(self):
        pass

    def _reset_exported(self):
        pass

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

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

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

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

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

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

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

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

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

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

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

        """
        self._extra_dependencies.add(table)

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

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

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

        """

        column._set_parent_with_dispatch(self)

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

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

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

        """

        constraint._set_parent_with_dispatch(self)

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

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

        """

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

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

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

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

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

        if bind is None:
            bind = _bind_or_error(self)

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

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

        .. seealso::

            :meth:`.MetaData.create_all`.

        """

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

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

        .. seealso::

            :meth:`.MetaData.drop_all`.

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

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

        E.g.::

            m1 = MetaData()

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

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

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

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

            m2 = MetaData(schema='newschema')

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

            m3 = MetaData()  # schema defaults to None

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

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

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

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

         .. versionadded:: 0.9.2

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

         .. versionadded:: 1.0.0

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

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

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


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

    __visit_name__ = 'column'

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

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

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

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

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

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

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

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

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

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

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

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

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

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

          * Part of the primary key

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

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

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

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

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

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

            .. seealso::

                :ref:`sqlite_autoincrement`

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

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

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

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

            .. seealso::

                :ref:`metadata_defaults_toplevel`

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

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

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

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

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

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

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

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

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

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

                x TEXT DEFAULT 'val'

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

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

                y DATETIME DEFAULT NOW()

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

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

            .. seealso::

                :ref:`server_defaults`

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

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

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

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

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

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

        """

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

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

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

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

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

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

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

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

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

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

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

        util.set_creation_order(self)

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

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

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

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

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

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

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

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

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

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

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

        table._columns.replace(self)

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

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

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

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

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

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

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

        """

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

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

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

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

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

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

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

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


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

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

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

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

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

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

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

    """

    __visit_name__ = 'foreign_key'

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

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

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

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

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

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

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

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

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

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

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

            .. seealso::

                :paramref:`.ForeignKeyConstraint.use_alter`

                :ref:`use_alter`

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

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

            .. versionadded:: 1.0.0

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

            .. versionadded:: 0.9.2

        """

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

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

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

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

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

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

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

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

        """

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

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

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

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

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

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

    target_fullname = property(_get_colspec)

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

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

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

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

        """

        return table.corresponding_column(self.column)

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

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

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

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

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

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

        parenttable = self.parent.table

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

        schema, tname, colname = self._column_tokens

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

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

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

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

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

        self._set_target_column(_column)

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

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

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

        self.column = column

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

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

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

        """

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

            parenttable, tablekey, colname = self._resolve_col_tokens()

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

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

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

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

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

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

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


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

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


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

    __visit_name__ = 'default_generator'

    is_sequence = False
    is_server_default = False
    column = None

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

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

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

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


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

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

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

    For example, the following::

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

    Is equivalent to::

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


    """

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


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

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

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

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

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

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

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

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

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

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

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

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

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


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

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

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

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

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

    .. seealso::

        :class:`.CreateSequence`

        :class:`.DropSequence`

    """

    __visit_name__ = 'sequence'

    is_sequence = True

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

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

         .. versionadded:: 1.0.7

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

         .. versionadded:: 1.0.7

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

         .. versionadded:: 1.0.7

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

         .. versionadded:: 1.0.7

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

         .. versionadded:: 1.0.7

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

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

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

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

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

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

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

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

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

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

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

    def _set_metadata(self, metadata):
        self.metadata = metadata
        self.metadata._sequences[self._key] = self

    @property
    def bind(self):
        if self.metadata:
            return self.metadata.bind
        else:
            return None

    def create(self, bind=None, checkfirst=True):
        """Creates this sequence in the database."""

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

    def drop(self, bind=None, checkfirst=True):
        """Drops this sequence from the database."""

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

    def _not_a_column_expr(self):
        raise exc.InvalidRequestError(
            "This %s cannot be used directly "
            "as a column expression.  Use func.next_value(sequence) "
            "to produce a 'next value' function that's usable "
            "as a column element."
            % self.__class__.__name__)


@inspection._self_inspects
class FetchedValue(_NotAColumnExpr, SchemaEventTarget):
    """A marker for a transparent database-side default.

    Use :class:`.FetchedValue` when the database is configured
    to provide some automatic default for a column.

    E.g.::

        Column('foo', Integer, FetchedValue())

    Would indicate that some trigger or default generator
    will create a new value for the ``foo`` column during an
    INSERT.

    .. seealso::

        :ref:`triggered_columns`

    """
    is_server_default = True
    reflected = False
    has_argument = False

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

    def _as_for_update(self, for_update):
        if for_update == self.for_update:
            return self
        else:
            return self._clone(for_update)

    def _clone(self, for_update):
        n = self.__class__.__new__(self.__class__)
        n.__dict__.update(self.__dict__)
        n.__dict__.pop('column', None)
        n.for_update = for_update
        return n

    def _set_parent(self, column):
        self.column = column
        if self.for_update:
            self.column.server_onupdate = self
        else:
            self.column.server_default = self

    def __repr__(self):
        return util.generic_repr(self)


class DefaultClause(FetchedValue):
    """A DDL-specified DEFAULT column value.

    :class:`.DefaultClause` is a :class:`.FetchedValue`
    that also generates a "DEFAULT" clause when
    "CREATE TABLE" is emitted.

    :class:`.DefaultClause` is generated automatically
    whenever the ``server_default``, ``server_onupdate`` arguments of
    :class:`.Column` are used.  A :class:`.DefaultClause`
    can be passed positionally as well.

    For example, the following::

        Column('foo', Integer, server_default="50")

    Is equivalent to::

        Column('foo', Integer, DefaultClause("50"))

    """

    has_argument = True

    def __init__(self, arg, for_update=False, _reflected=False):
        util.assert_arg_type(arg, (util.string_types[0],
                                   ClauseElement,
                                   TextClause), 'arg')
        super(DefaultClause, self).__init__(for_update)
        self.arg = arg
        self.reflected = _reflected

    def __repr__(self):
        return "DefaultClause(%r, for_update=%r)" % \
            (self.arg, self.for_update)


class PassiveDefault(DefaultClause):
    """A DDL-specified DEFAULT column value.

    .. deprecated:: 0.6
        :class:`.PassiveDefault` is deprecated.
        Use :class:`.DefaultClause`.
    """
    @util.deprecated("0.6",
                     ":class:`.PassiveDefault` is deprecated.  "
                     "Use :class:`.DefaultClause`.",
                     False)
    def __init__(self, *arg, **kw):
        DefaultClause.__init__(self, *arg, **kw)


class Constraint(DialectKWArgs, SchemaItem):
    """A table-level SQL constraint."""

    __visit_name__ = 'constraint'

    def __init__(self, name=None, deferrable=None, initially=None,
                 _create_rule=None, info=None, _type_bound=False,
                 **dialect_kw):
        """Create a SQL constraint.

        :param name:
          Optional, the in-database name of this ``Constraint``.

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

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

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

            .. versionadded:: 1.0.0

        :param _create_rule:
          a callable which is passed the DDLCompiler object during
          compilation. Returns True or False to signal inline generation of
          this Constraint.

          The AddConstraint and DropConstraint DDL constructs provide
          DDLElement's more comprehensive "conditional DDL" approach that is
          passed a database connection when DDL is being issued. _create_rule
          is instead called during any CREATE TABLE compilation, where there
          may not be any transaction/connection in progress. However, it
          allows conditional compilation of the constraint even for backends
          which do not support addition of constraints through ALTER TABLE,
          which currently includes SQLite.

          _create_rule is used by some types to create constraints.
          Currently, its call signature is subject to change at any time.

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

        """

        self.name = name
        self.deferrable = deferrable
        self.initially = initially
        if info:
            self.info = info
        self._create_rule = _create_rule
        self._type_bound = _type_bound
        util.set_creation_order(self)
        self._validate_dialect_kwargs(dialect_kw)

    @property
    def table(self):
        try:
            if isinstance(self.parent, Table):
                return self.parent
        except AttributeError:
            pass
        raise exc.InvalidRequestError(
            "This constraint is not bound to a table.  Did you "
            "mean to call table.append_constraint(constraint) ?")

    def _set_parent(self, parent):
        self.parent = parent
        parent.constraints.add(self)

    def copy(self, **kw):
        raise NotImplementedError()


def _to_schema_column(element):
    if hasattr(element, '__clause_element__'):
        element = element.__clause_element__()
    if not isinstance(element, Column):
        raise exc.ArgumentError("schema.Column object expected")
    return element


def _to_schema_column_or_string(element):
    if hasattr(element, '__clause_element__'):
        element = element.__clause_element__()
    if not isinstance(element, util.string_types + (ColumnElement, )):
        msg = "Element %r is not a string name or column element"
        raise exc.ArgumentError(msg % element)
    return element


class ColumnCollectionMixin(object):

    columns = None
    """A :class:`.ColumnCollection` of :class:`.Column` objects.

    This collection represents the columns which are referred to by
    this object.

    """

    _allow_multiple_tables = False

    def __init__(self, *columns, **kw):
        _autoattach = kw.pop('_autoattach', True)
        self.columns = ColumnCollection()
        self._pending_colargs = [_to_schema_column_or_string(c)
                                 for c in columns]
        if _autoattach and self._pending_colargs:
            self._check_attach()

    @classmethod
    def _extract_col_expression_collection(cls, expressions):
        for expr in expressions:
            strname = None
            column = None
            if not isinstance(expr, ClauseElement):
                # this assumes a string
                strname = expr
            else:
                cols = []
                visitors.traverse(expr, {}, {'column': cols.append})
                if cols:
                    column = cols[0]
            add_element = column if column is not None else strname
            yield expr, column, strname, add_element

    def _check_attach(self, evt=False):
        col_objs = [
            c for c in self._pending_colargs
            if isinstance(c, Column)
        ]

        cols_w_table = [
            c for c in col_objs if isinstance(c.table, Table)
        ]

        cols_wo_table = set(col_objs).difference(cols_w_table)

        if cols_wo_table:
            # feature #3341 - place event listeners for Column objects
            # such that when all those cols are attached, we autoattach.
            assert not evt, "Should not reach here on event call"

            # issue #3411 - don't do the per-column auto-attach if some of the
            # columns are specified as strings.
            has_string_cols = set(self._pending_colargs).difference(col_objs)
            if not has_string_cols:
                def _col_attached(column, table):
                    cols_wo_table.discard(column)
                    if not cols_wo_table:
                        self._check_attach(evt=True)
                self._cols_wo_table = cols_wo_table
                for col in cols_wo_table:
                    col._on_table_attach(_col_attached)
                return

        columns = cols_w_table

        tables = set([c.table for c in columns])
        if len(tables) == 1:
            self._set_parent_with_dispatch(tables.pop())
        elif len(tables) > 1 and not self._allow_multiple_tables:
            table = columns[0].table
            others = [c for c in columns[1:] if c.table is not table]
            if others:
                raise exc.ArgumentError(
                    "Column(s) %s are not part of table '%s'." %
                    (", ".join("'%s'" % c for c in others),
                        table.description)
                )

    def _set_parent(self, table):
        for col in self._pending_colargs:
            if isinstance(col, util.string_types):
                col = table.c[col]
            self.columns.add(col)


class ColumnCollectionConstraint(ColumnCollectionMixin, Constraint):
    """A constraint that proxies a ColumnCollection."""

    def __init__(self, *columns, **kw):
        """
        :param \*columns:
          A sequence of column names or Column objects.

        :param name:
          Optional, the in-database name of this constraint.

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

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

        :param \**kw: other keyword arguments including dialect-specific
          arguments are propagated to the :class:`.Constraint` superclass.

        """
        _autoattach = kw.pop('_autoattach', True)
        Constraint.__init__(self, **kw)
        ColumnCollectionMixin.__init__(self, *columns, _autoattach=_autoattach)

    def _set_parent(self, table):
        Constraint._set_parent(self, table)
        ColumnCollectionMixin._set_parent(self, table)

    def __contains__(self, x):
        return x in self.columns

    def copy(self, **kw):
        c = self.__class__(name=self.name, deferrable=self.deferrable,
                           initially=self.initially, *self.columns.keys())
        return self._schema_item_copy(c)

    def contains_column(self, col):
        """Return True if this constraint contains the given column.

        Note that this object also contains an attribute ``.columns``
        which is a :class:`.ColumnCollection` of :class:`.Column` objects.

        """

        return self.columns.contains_column(col)

    def __iter__(self):
        # inlining of
        # return iter(self.columns)
        # ColumnCollection->OrderedProperties->OrderedDict
        ordered_dict = self.columns._data
        return (ordered_dict[key] for key in ordered_dict._list)

    def __len__(self):
        return len(self.columns._data)


class CheckConstraint(ColumnCollectionConstraint):
    """A table- or column-level CHECK constraint.

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

    _allow_multiple_tables = True

    def __init__(self, sqltext, name=None, deferrable=None,
                 initially=None, table=None, info=None, _create_rule=None,
                 _autoattach=True, _type_bound=False):
        """Construct a CHECK constraint.

        :param sqltext:
          A string containing the constraint definition, which will be used
          verbatim, or a SQL expression construct.   If given as a string,
          the object is converted to a :class:`.Text` object.   If the textual
          string includes a colon character, escape this using a backslash::

            CheckConstraint(r"foo ~ E'a(?\:b|c)d")

        :param name:
          Optional, the in-database name of the constraint.

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

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

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

            .. versionadded:: 1.0.0

        """

        self.sqltext = _literal_as_text(sqltext, warn=False)

        columns = []
        visitors.traverse(self.sqltext, {}, {'column': columns.append})

        super(CheckConstraint, self).\
            __init__(
                name=name, deferrable=deferrable,
                initially=initially, _create_rule=_create_rule, info=info,
                _type_bound=_type_bound, _autoattach=_autoattach,
                *columns)
        if table is not None:
            self._set_parent_with_dispatch(table)

    def __visit_name__(self):
        if isinstance(self.parent, Table):
            return "check_constraint"
        else:
            return "column_check_constraint"
    __visit_name__ = property(__visit_name__)

    def copy(self, target_table=None, **kw):
        if target_table is not None:
            def replace(col):
                if self.table.c.contains_column(col):
                    return target_table.c[col.key]
                else:
                    return None
            sqltext = visitors.replacement_traverse(self.sqltext, {}, replace)
        else:
            sqltext = self.sqltext
        c = CheckConstraint(sqltext,
                            name=self.name,
                            initially=self.initially,
                            deferrable=self.deferrable,
                            _create_rule=self._create_rule,
                            table=target_table,
                            _autoattach=False,
                            _type_bound=self._type_bound)
        return self._schema_item_copy(c)


class ForeignKeyConstraint(ColumnCollectionConstraint):
    """A table-level FOREIGN KEY constraint.

    Defines a single column or composite FOREIGN KEY ... REFERENCES
    constraint. For a no-frills, single column foreign key, adding a
    :class:`.ForeignKey` to the definition of a :class:`.Column` is a
    shorthand equivalent for an unnamed, single column
    :class:`.ForeignKeyConstraint`.

    Examples of foreign key configuration are in :ref:`metadata_foreignkeys`.

    """
    __visit_name__ = 'foreign_key_constraint'

    def __init__(self, columns, refcolumns, name=None, onupdate=None,
                 ondelete=None, deferrable=None, initially=None,
                 use_alter=False, link_to_name=False, match=None,
                 table=None, info=None, **dialect_kw):
        """Construct a composite-capable FOREIGN KEY.

        :param columns: A sequence of local column names. The named columns
          must be defined and present in the parent Table. The names should
          match the ``key`` given to each column (defaults to the name) unless
          ``link_to_name`` is True.

        :param refcolumns: A sequence of foreign column names or Column
          objects. The columns must all be located within the same Table.

        :param name: Optional, the in-database name of the key.

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

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

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

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

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

        :param use_alter: If True, do not emit the DDL for this constraint as
          part of the CREATE TABLE definition. Instead, generate it via an
          ALTER TABLE statement issued after the full collection of tables
          have been created, and drop it via an ALTER TABLE statement before
          the full collection of tables are dropped.

          The use of :paramref:`.ForeignKeyConstraint.use_alter` is
          particularly geared towards the case where two or more tables
          are established within a mutually-dependent foreign key constraint
          relationship; however, the :meth:`.MetaData.create_all` and
          :meth:`.MetaData.drop_all` methods will perform this resolution
          automatically, so the flag is normally not needed.

          .. versionchanged:: 1.0.0  Automatic resolution of foreign key
             cycles has been added, removing the need to use the
             :paramref:`.ForeignKeyConstraint.use_alter` in typical use
             cases.

          .. seealso::

                :ref:`use_alter`

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

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

            .. versionadded:: 1.0.0

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

            .. versionadded:: 0.9.2

        """

        Constraint.__init__(
            self, name=name, deferrable=deferrable, initially=initially,
            info=info, **dialect_kw)
        self.onupdate = onupdate
        self.ondelete = ondelete
        self.link_to_name = link_to_name
        self.use_alter = use_alter
        self.match = match

        # standalone ForeignKeyConstraint - create
        # associated ForeignKey objects which will be applied to hosted
        # Column objects (in col.foreign_keys), either now or when attached
        # to the Table for string-specified names
        self.elements = [
            ForeignKey(
                refcol,
                _constraint=self,
                name=self.name,
                onupdate=self.onupdate,
                ondelete=self.ondelete,
                use_alter=self.use_alter,
                link_to_name=self.link_to_name,
                match=self.match,
                deferrable=self.deferrable,
                initially=self.initially,
                **self.dialect_kwargs
            ) for refcol in refcolumns
        ]

        ColumnCollectionMixin.__init__(self, *columns)
        if table is not None:
            if hasattr(self, "parent"):
                assert table is self.parent
            self._set_parent_with_dispatch(table)

    def _append_element(self, column, fk):
        self.columns.add(column)
        self.elements.append(fk)

    @property
    def _elements(self):
        # legacy - provide a dictionary view of (column_key, fk)
        return util.OrderedDict(
            zip(self.column_keys, self.elements)
        )

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

    @property
    def referred_table(self):
        """The :class:`.Table` object to which this
        :class:`.ForeignKeyConstraint` references.

        This is a dynamically calculated attribute which may not be available
        if the constraint and/or parent table is not yet associated with
        a metadata collection that contains the referred table.

        .. versionadded:: 1.0.0

        """
        return self.elements[0].column.table

    def _validate_dest_table(self, table):
        table_keys = set([elem._table_key()
                          for elem in self.elements])
        if None not in table_keys and len(table_keys) > 1:
            elem0, elem1 = sorted(table_keys)[0:2]
            raise exc.ArgumentError(
                'ForeignKeyConstraint on %s(%s) refers to '
                'multiple remote tables: %s and %s' % (
                    table.fullname,
                    self._col_description,
                    elem0,
                    elem1
                ))

    @property
    def column_keys(self):
        """Return a list of string keys representing the local
        columns in this :class:`.ForeignKeyConstraint`.

        This list is either the original string arguments sent
        to the constructor of the :class:`.ForeignKeyConstraint`,
        or if the constraint has been initialized with :class:`.Column`
        objects, is the string .key of each element.

        .. versionadded:: 1.0.0

        """
        if hasattr(self, "parent"):
            return self.columns.keys()
        else:
            return [
                col.key if isinstance(col, ColumnElement)
                else str(col) for col in self._pending_colargs
            ]

    @property
    def _col_description(self):
        return ", ".join(self.column_keys)

    def _set_parent(self, table):
        Constraint._set_parent(self, table)

        try:
            ColumnCollectionConstraint._set_parent(self, table)
        except KeyError as ke:
            raise exc.ArgumentError(
                "Can't create ForeignKeyConstraint "
                "on table '%s': no column "
                "named '%s' is present." % (table.description, ke.args[0]))

        for col, fk in zip(self.columns, self.elements):
            if not hasattr(fk, 'parent') or \
                    fk.parent is not col:
                fk._set_parent_with_dispatch(col)

        self._validate_dest_table(table)

    def copy(self, schema=None, target_table=None, **kw):
        fkc = ForeignKeyConstraint(
            [x.parent.key for x in self.elements],
            [x._get_colspec(
                schema=schema,
                table_name=target_table.name
                if target_table is not None
                and x._table_key() == x.parent.table.key
                else None)
             for x in self.elements],
            name=self.name,
            onupdate=self.onupdate,
            ondelete=self.ondelete,
            use_alter=self.use_alter,
            deferrable=self.deferrable,
            initially=self.initially,
            link_to_name=self.link_to_name,
            match=self.match
        )
        for self_fk, other_fk in zip(
                self.elements,
                fkc.elements):
            self_fk._schema_item_copy(other_fk)
        return self._schema_item_copy(fkc)


class PrimaryKeyConstraint(ColumnCollectionConstraint):
    """A table-level PRIMARY KEY constraint.

    The :class:`.PrimaryKeyConstraint` object is present automatically
    on any :class:`.Table` object; it is assigned a set of
    :class:`.Column` objects corresponding to those marked with
    the :paramref:`.Column.primary_key` flag::

        >>> my_table = Table('mytable', metadata,
        ...                 Column('id', Integer, primary_key=True),
        ...                 Column('version_id', Integer, primary_key=True),
        ...                 Column('data', String(50))
        ...     )
        >>> my_table.primary_key
        PrimaryKeyConstraint(
            Column('id', Integer(), table=<mytable>,
                   primary_key=True, nullable=False),
            Column('version_id', Integer(), table=<mytable>,
                   primary_key=True, nullable=False)
        )

    The primary key of a :class:`.Table` can also be specified by using
    a :class:`.PrimaryKeyConstraint` object explicitly; in this mode of usage,
    the "name" of the constraint can also be specified, as well as other
    options which may be recognized by dialects::

        my_table = Table('mytable', metadata,
                    Column('id', Integer),
                    Column('version_id', Integer),
                    Column('data', String(50)),
                    PrimaryKeyConstraint('id', 'version_id',
                                         name='mytable_pk')
                )

    The two styles of column-specification should generally not be mixed.
    An warning is emitted if the columns present in the
    :class:`.PrimaryKeyConstraint`
    don't match the columns that were marked as ``primary_key=True``, if both
    are present; in this case, the columns are taken strictly from the
    :class:`.PrimaryKeyConstraint` declaration, and those columns otherwise
    marked as ``primary_key=True`` are ignored.  This behavior is intended to
    be backwards compatible with previous behavior.

    .. versionchanged:: 0.9.2  Using a mixture of columns within a
       :class:`.PrimaryKeyConstraint` in addition to columns marked as
       ``primary_key=True`` now emits a warning if the lists don't match.
       The ultimate behavior of ignoring those columns marked with the flag
       only is currently maintained for backwards compatibility; this warning
       may raise an exception in a future release.

    For the use case where specific options are to be specified on the
    :class:`.PrimaryKeyConstraint`, but the usual style of using
    ``primary_key=True`` flags is still desirable, an empty
    :class:`.PrimaryKeyConstraint` may be specified, which will take on the
    primary key column collection from the :class:`.Table` based on the
    flags::

        my_table = Table('mytable', metadata,
                    Column('id', Integer, primary_key=True),
                    Column('version_id', Integer, primary_key=True),
                    Column('data', String(50)),
                    PrimaryKeyConstraint(name='mytable_pk',
                                         mssql_clustered=True)
                )

    .. versionadded:: 0.9.2 an empty :class:`.PrimaryKeyConstraint` may now
       be specified for the purposes of establishing keyword arguments with
       the constraint, independently of the specification of "primary key"
       columns within the :class:`.Table` itself; columns marked as
       ``primary_key=True`` will be gathered into the empty constraint's
       column collection.

    """

    __visit_name__ = 'primary_key_constraint'

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

        if table.primary_key is not self:
            table.constraints.discard(table.primary_key)
            table.primary_key = self
            table.constraints.add(self)

        table_pks = [c for c in table.c if c.primary_key]
        if self.columns and table_pks and \
                set(table_pks) != set(self.columns.values()):
            util.warn(
                "Table '%s' specifies columns %s as primary_key=True, "
                "not matching locally specified columns %s; setting the "
                "current primary key columns to %s. This warning "
                "may become an exception in a future release" %
                (
                    table.name,
                    ", ".join("'%s'" % c.name for c in table_pks),
                    ", ".join("'%s'" % c.name for c in self.columns),
                    ", ".join("'%s'" % c.name for c in self.columns)
                )
            )
            table_pks[:] = []

        for c in self.columns:
            c.primary_key = True
            c.nullable = False
        self.columns.extend(table_pks)

    def _reload(self, columns):
        """repopulate this :class:`.PrimaryKeyConstraint` given
        a set of columns.

        Existing columns in the table that are marked as primary_key=True
        are maintained.

        Also fires a new event.

        This is basically like putting a whole new
        :class:`.PrimaryKeyConstraint` object on the parent
        :class:`.Table` object without actually replacing the object.

        The ordering of the given list of columns is also maintained; these
        columns will be appended to the list of columns after any which
        are already present.

        """

        # set the primary key flag on new columns.
        # note any existing PK cols on the table also have their
        # flag still set.
        for col in columns:
            col.primary_key = True

        self.columns.extend(columns)

        self._set_parent_with_dispatch(self.table)

    def _replace(self, col):
        self.columns.replace(col)


class UniqueConstraint(ColumnCollectionConstraint):
    """A table-level UNIQUE constraint.

    Defines a single column or composite UNIQUE constraint. For a no-frills,
    single column constraint, adding ``unique=True`` to the ``Column``
    definition is a shorthand equivalent for an unnamed, single column
    UniqueConstraint.
    """

    __visit_name__ = 'unique_constraint'


class Index(DialectKWArgs, ColumnCollectionMixin, SchemaItem):
    """A table-level INDEX.

    Defines a composite (one or more column) INDEX.

    E.g.::

        sometable = Table("sometable", metadata,
                        Column("name", String(50)),
                        Column("address", String(100))
                    )

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

    For a no-frills, single column index, adding
    :class:`.Column` also supports ``index=True``::

        sometable = Table("sometable", metadata,
                        Column("name", String(50), index=True)
                    )

    For a composite index, multiple columns can be specified::

        Index("some_index", sometable.c.name, sometable.c.address)

    Functional indexes are supported as well, typically by using the
    :data:`.func` construct in conjunction with table-bound
    :class:`.Column` objects::

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

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

    An :class:`.Index` can also be manually associated with a :class:`.Table`,
    either through inline declaration or using
    :meth:`.Table.append_constraint`.  When this approach is used, the names
    of the indexed columns can be specified as strings::

        Table("sometable", metadata,
                        Column("name", String(50)),
                        Column("address", String(100)),
                        Index("some_index", "name", "address")
                )

    To support functional or expression-based indexes in this form, the
    :func:`.text` construct may be used::

        from sqlalchemy import text

        Table("sometable", metadata,
                        Column("name", String(50)),
                        Column("address", String(100)),
                        Index("some_index", text("lower(name)"))
                )

    .. versionadded:: 0.9.5 the :func:`.text` construct may be used to
       specify :class:`.Index` expressions, provided the :class:`.Index`
       is explicitly associated with the :class:`.Table`.


    .. seealso::

        :ref:`schema_indexes` - General information on :class:`.Index`.

        :ref:`postgresql_indexes` - PostgreSQL-specific options available for
        the :class:`.Index` construct.

        :ref:`mysql_indexes` - MySQL-specific options available for the
        :class:`.Index` construct.

        :ref:`mssql_indexes` - MSSQL-specific options available for the
        :class:`.Index` construct.

    """

    __visit_name__ = 'index'

    def __init__(self, name, *expressions, **kw):
        """Construct an index object.

        :param name:
          The name of the index

        :param \*expressions:
          Column expressions to include in the index.   The expressions
          are normally instances of :class:`.Column`, but may also
          be arbitrary SQL expressions which ultimately refer to a
          :class:`.Column`.

        :param unique=False:
            Keyword only argument; if True, create a unique index.

        :param quote=None:
            Keyword only argument; whether to apply quoting to the name of
            the index.  Works in the same manner as that of
            :paramref:`.Column.quote`.

        :param info=None: Optional data dictionary which will be populated
            into the :attr:`.SchemaItem.info` attribute of this object.

            .. versionadded:: 1.0.0

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

        """
        self.table = None

        columns = []
        for expr, column, strname, add_element in self.\
                _extract_col_expression_collection(expressions):
            if add_element is not None:
                columns.append(add_element)

        self.expressions = expressions
        self.name = quoted_name(name, kw.pop("quote", None))
        self.unique = kw.pop('unique', False)
        if 'info' in kw:
            self.info = kw.pop('info')
        self._validate_dialect_kwargs(kw)

        # will call _set_parent() if table-bound column
        # objects are present
        ColumnCollectionMixin.__init__(self, *columns)

    def _set_parent(self, table):
        ColumnCollectionMixin._set_parent(self, table)

        if self.table is not None and table is not self.table:
            raise exc.ArgumentError(
                "Index '%s' is against table '%s', and "
                "cannot be associated with table '%s'." % (
                    self.name,
                    self.table.description,
                    table.description
                )
            )
        self.table = table
        table.indexes.add(self)

        self.expressions = [
            expr if isinstance(expr, ClauseElement)
            else colexpr
            for expr, colexpr in util.zip_longest(self.expressions,
                                                  self.columns)
        ]

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

        return self.table.bind

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

        .. seealso::

            :meth:`.MetaData.create_all`.

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

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

        .. seealso::

            :meth:`.MetaData.drop_all`.

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

    def __repr__(self):
        return 'Index(%s)' % (
            ", ".join(
                [repr(self.name)] +
                [repr(e) for e in self.expressions] +
                (self.unique and ["unique=True"] or [])
            ))


DEFAULT_NAMING_CONVENTION = util.immutabledict({
    "ix": 'ix_%(column_0_label)s'
})


class MetaData(SchemaItem):
    """A collection of :class:`.Table` objects and their associated schema
    constructs.

    Holds a collection of :class:`.Table` objects as well as
    an optional binding to an :class:`.Engine` or
    :class:`.Connection`.  If bound, the :class:`.Table` objects
    in the collection and their columns may participate in implicit SQL
    execution.

    The :class:`.Table` objects themselves are stored in the
    :attr:`.MetaData.tables` dictionary.

    :class:`.MetaData` is a thread-safe object for read operations.
    Construction of new tables within a single :class:`.MetaData` object,
    either explicitly or via reflection, may not be completely thread-safe.

    .. seealso::

        :ref:`metadata_describing` - Introduction to database metadata

    """

    __visit_name__ = 'metadata'

    def __init__(self, bind=None, reflect=False, schema=None,
                 quote_schema=None,
                 naming_convention=DEFAULT_NAMING_CONVENTION,
                 info=None
                 ):
        """Create a new MetaData object.

        :param bind:
          An Engine or Connection to bind to.  May also be a string or URL
          instance, these are passed to create_engine() and this MetaData will
          be bound to the resulting engine.

        :param reflect:
          Optional, automatically load all tables from the bound database.
          Defaults to False. ``bind`` is required when this option is set.

          .. deprecated:: 0.8
                Please use the :meth:`.MetaData.reflect` method.

        :param schema:
           The default schema to use for the :class:`.Table`,
           :class:`.Sequence`, and potentially other objects associated with
           this :class:`.MetaData`. Defaults to ``None``.

           When this value is set, any :class:`.Table` or :class:`.Sequence`
           which specifies ``None`` for the schema parameter will instead
           have this schema name defined.  To build a :class:`.Table`
           or :class:`.Sequence` that still has ``None`` for the schema
           even when this parameter is present, use the :attr:`.BLANK_SCHEMA`
           symbol.

           .. seealso::

                :paramref:`.Table.schema`

                :paramref:`.Sequence.schema`

        :param quote_schema:
            Sets the ``quote_schema`` flag for those :class:`.Table`,
            :class:`.Sequence`, and other objects which make usage of the
            local ``schema`` name.

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

            .. versionadded:: 1.0.0

        :param naming_convention: a dictionary referring to values which
          will establish default naming conventions for :class:`.Constraint`
          and :class:`.Index` objects, for those objects which are not given
          a name explicitly.

          The keys of this dictionary may be:

          * a constraint or Index class, e.g. the :class:`.UniqueConstraint`,
            :class:`.ForeignKeyConstraint` class, the :class:`.Index` class

          * a string mnemonic for one of the known constraint classes;
            ``"fk"``, ``"pk"``, ``"ix"``, ``"ck"``, ``"uq"`` for foreign key,
            primary key, index, check, and unique constraint, respectively.

          * the string name of a user-defined "token" that can be used
            to define new naming tokens.

          The values associated with each "constraint class" or "constraint
          mnemonic" key are string naming templates, such as
          ``"uq_%(table_name)s_%(column_0_name)s"``,
          which describe how the name should be composed.  The values
          associated with user-defined "token" keys should be callables of the
          form ``fn(constraint, table)``, which accepts the constraint/index
          object and :class:`.Table` as arguments, returning a string
          result.

          The built-in names are as follows, some of which may only be
          available for certain types of constraint:

            * ``%(table_name)s`` - the name of the :class:`.Table` object
              associated with the constraint.

            * ``%(referred_table_name)s`` - the name of the :class:`.Table`
              object associated with the referencing target of a
              :class:`.ForeignKeyConstraint`.

            * ``%(column_0_name)s`` - the name of the :class:`.Column` at
              index position "0" within the constraint.

            * ``%(column_0_label)s`` - the label of the :class:`.Column` at
              index position "0", e.g. :attr:`.Column.label`

            * ``%(column_0_key)s`` - the key of the :class:`.Column` at
              index position "0", e.g. :attr:`.Column.key`

            * ``%(referred_column_0_name)s`` - the name of a :class:`.Column`
              at index position "0" referenced by a
              :class:`.ForeignKeyConstraint`.

            * ``%(constraint_name)s`` - a special key that refers to the
              existing name given to the constraint.  When this key is
              present, the :class:`.Constraint` object's existing name will be
              replaced with one that is composed from template string that
              uses this token. When this token is present, it is required that
              the :class:`.Constraint` is given an expicit name ahead of time.

            * user-defined: any additional token may be implemented by passing
              it along with a ``fn(constraint, table)`` callable to the
              naming_convention dictionary.

          .. versionadded:: 0.9.2

          .. seealso::

                :ref:`constraint_naming_conventions` - for detailed usage
                examples.

        """
        self.tables = util.immutabledict()
        self.schema = quoted_name(schema, quote_schema)
        self.naming_convention = naming_convention
        if info:
            self.info = info
        self._schemas = set()
        self._sequences = {}
        self._fk_memos = collections.defaultdict(list)

        self.bind = bind
        if reflect:
            util.warn_deprecated("reflect=True is deprecate; please "
                                 "use the reflect() method.")
            if not bind:
                raise exc.ArgumentError(
                    "A bind must be supplied in conjunction "
                    "with reflect=True")
            self.reflect()

    tables = None
    """A dictionary of :class:`.Table` objects keyed to their name or "table key".

    The exact key is that determined by the :attr:`.Table.key` attribute;
    for a table with no :attr:`.Table.schema` attribute, this is the same
    as :attr:`.Table.name`.  For a table with a schema, it is typically of the
    form ``schemaname.tablename``.

    .. seealso::

        :attr:`.MetaData.sorted_tables`

    """

    def __repr__(self):
        return 'MetaData(bind=%r)' % self.bind

    def __contains__(self, table_or_key):
        if not isinstance(table_or_key, util.string_types):
            table_or_key = table_or_key.key
        return table_or_key in self.tables

    def _add_table(self, name, schema, table):
        key = _get_table_key(name, schema)
        dict.__setitem__(self.tables, key, table)
        if schema:
            self._schemas.add(schema)

    def _remove_table(self, name, schema):
        key = _get_table_key(name, schema)
        removed = dict.pop(self.tables, key, None)
        if removed is not None:
            for fk in removed.foreign_keys:
                fk._remove_from_metadata(self)
        if self._schemas:
            self._schemas = set([t.schema
                                 for t in self.tables.values()
                                 if t.schema is not None])

    def __getstate__(self):
        return {'tables': self.tables,
                'schema': self.schema,
                'schemas': self._schemas,
                'sequences': self._sequences,
                'fk_memos': self._fk_memos,
                'naming_convention': self.naming_convention
                }

    def __setstate__(self, state):
        self.tables = state['tables']
        self.schema = state['schema']
        self.naming_convention = state['naming_convention']
        self._bind = None
        self._sequences = state['sequences']
        self._schemas = state['schemas']
        self._fk_memos = state['fk_memos']

    def is_bound(self):
        """True if this MetaData is bound to an Engine or Connection."""

        return self._bind is not None

    def bind(self):
        """An :class:`.Engine` or :class:`.Connection` to which this
        :class:`.MetaData` is bound.

        Typically, a :class:`.Engine` is assigned to this attribute
        so that "implicit execution" may be used, or alternatively
        as a means of providing engine binding information to an
        ORM :class:`.Session` object::

            engine = create_engine("someurl://")
            metadata.bind = engine

        .. seealso::

           :ref:`dbengine_implicit` - background on "bound metadata"

        """
        return self._bind

    @util.dependencies("sqlalchemy.engine.url")
    def _bind_to(self, url, bind):
        """Bind this MetaData to an Engine, Connection, string or URL."""

        if isinstance(bind, util.string_types + (url.URL, )):
            self._bind = sqlalchemy.create_engine(bind)
        else:
            self._bind = bind
    bind = property(bind, _bind_to)

    def clear(self):
        """Clear all Table objects from this MetaData."""

        dict.clear(self.tables)
        self._schemas.clear()
        self._fk_memos.clear()

    def remove(self, table):
        """Remove the given Table object from this MetaData."""

        self._remove_table(table.name, table.schema)

    @property
    def sorted_tables(self):
        """Returns a list of :class:`.Table` objects sorted in order of
        foreign key dependency.

        The sorting will place :class:`.Table` objects that have dependencies
        first, before the dependencies themselves, representing the
        order in which they can be created.   To get the order in which
        the tables would be dropped, use the ``reversed()`` Python built-in.

        .. warning::

            The :attr:`.sorted_tables` accessor cannot by itself accommodate
            automatic resolution of dependency cycles between tables, which
            are usually caused by mutually dependent foreign key constraints.
            To resolve these cycles, either the
            :paramref:`.ForeignKeyConstraint.use_alter` parameter may be appled
            to those constraints, or use the
            :func:`.schema.sort_tables_and_constraints` function which will break
            out foreign key constraints involved in cycles separately.

        .. seealso::

            :func:`.schema.sort_tables`

            :func:`.schema.sort_tables_and_constraints`

            :attr:`.MetaData.tables`

            :meth:`.Inspector.get_table_names`

            :meth:`.Inspector.get_sorted_table_and_fkc_names`


        """
        return ddl.sort_tables(sorted(self.tables.values(), key=lambda t: t.key))

    def reflect(self, bind=None, schema=None, views=False, only=None,
                extend_existing=False,
                autoload_replace=True,
                **dialect_kwargs):
        """Load all available table definitions from the database.

        Automatically creates ``Table`` entries in this ``MetaData`` for any
        table available in the database but not yet present in the
        ``MetaData``.  May be called multiple times to pick up tables recently
        added to the database, however no special action is taken if a table
        in this ``MetaData`` no longer exists in the database.

        :param bind:
          A :class:`.Connectable` used to access the database; if None, uses
          the existing bind on this ``MetaData``, if any.

        :param schema:
          Optional, query and reflect tables from an alterate schema.
          If None, the schema associated with this :class:`.MetaData`
          is used, if any.

        :param views:
          If True, also reflect views.

        :param only:
          Optional.  Load only a sub-set of available named tables.  May be
          specified as a sequence of names or a callable.

          If a sequence of names is provided, only those tables will be
          reflected.  An error is raised if a table is requested but not
          available.  Named tables already present in this ``MetaData`` are
          ignored.

          If a callable is provided, it will be used as a boolean predicate to
          filter the list of potential table names.  The callable is called
          with a table name and this ``MetaData`` instance as positional
          arguments and should return a true value for any table to reflect.

        :param extend_existing: Passed along to each :class:`.Table` as
          :paramref:`.Table.extend_existing`.

          .. versionadded:: 0.9.1

        :param autoload_replace: Passed along to each :class:`.Table` as
          :paramref:`.Table.autoload_replace`.

          .. versionadded:: 0.9.1

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

          .. versionadded:: 0.9.2 - Added
             :paramref:`.MetaData.reflect.**dialect_kwargs` to support
             dialect-level reflection options for all :class:`.Table`
             objects reflected.

        """
        if bind is None:
            bind = _bind_or_error(self)

        with bind.connect() as conn:

            reflect_opts = {
                'autoload': True,
                'autoload_with': conn,
                'extend_existing': extend_existing,
                'autoload_replace': autoload_replace
            }

            reflect_opts.update(dialect_kwargs)

            if schema is None:
                schema = self.schema

            if schema is not None:
                reflect_opts['schema'] = schema

            available = util.OrderedSet(
                bind.engine.table_names(schema, connection=conn))
            if views:
                available.update(
                    bind.dialect.get_view_names(conn, schema)
                )

            if schema is not None:
                available_w_schema = util.OrderedSet(["%s.%s" % (schema, name)
                                                      for name in available])
            else:
                available_w_schema = available

            current = set(self.tables)

            if only is None:
                load = [name for name, schname in
                        zip(available, available_w_schema)
                        if extend_existing or schname not in current]
            elif util.callable(only):
                load = [name for name, schname in
                        zip(available, available_w_schema)
                        if (extend_existing or schname not in current)
                        and only(name, self)]
            else:
                missing = [name for name in only if name not in available]
                if missing:
                    s = schema and (" schema '%s'" % schema) or ''
                    raise exc.InvalidRequestError(
                        'Could not reflect: requested table(s) not available '
                        'in %s%s: (%s)' %
                        (bind.engine.url, s, ', '.join(missing)))
                load = [name for name in only if extend_existing or
                        name not in current]

            for name in load:
                Table(name, self, **reflect_opts)

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

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

        """
        def adapt_listener(target, connection, **kw):
            tables = kw['tables']
            listener(event, target, connection, tables=tables)

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

    def create_all(self, bind=None, tables=None, checkfirst=True):
        """Create all tables stored in this metadata.

        Conditional by default, will not attempt to recreate tables already
        present in the target database.

        :param bind:
          A :class:`.Connectable` used to access the
          database; if None, uses the existing bind on this ``MetaData``, if
          any.

        :param tables:
          Optional list of ``Table`` objects, which is a subset of the total
          tables in the ``MetaData`` (others are ignored).

        :param checkfirst:
          Defaults to True, don't issue CREATEs for tables already present
          in the target database.

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

    def drop_all(self, bind=None, tables=None, checkfirst=True):
        """Drop all tables stored in this metadata.

        Conditional by default, will not attempt to drop tables not present in
        the target database.

        :param bind:
          A :class:`.Connectable` used to access the
          database; if None, uses the existing bind on this ``MetaData``, if
          any.

        :param tables:
          Optional list of ``Table`` objects, which is a subset of the
          total tables in the ``MetaData`` (others are ignored).

        :param checkfirst:
          Defaults to True, only issue DROPs for tables confirmed to be
          present in the target database.

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


class ThreadLocalMetaData(MetaData):
    """A MetaData variant that presents a different ``bind`` in every thread.

    Makes the ``bind`` property of the MetaData a thread-local value, allowing
    this collection of tables to be bound to different ``Engine``
    implementations or connections in each thread.

    The ThreadLocalMetaData starts off bound to None in each thread.  Binds
    must be made explicitly by assigning to the ``bind`` property or using
    ``connect()``.  You can also re-bind dynamically multiple times per
    thread, just like a regular ``MetaData``.

    """

    __visit_name__ = 'metadata'

    def __init__(self):
        """Construct a ThreadLocalMetaData."""

        self.context = util.threading.local()
        self.__engines = {}
        super(ThreadLocalMetaData, self).__init__()

    def bind(self):
        """The bound Engine or Connection for this thread.

        This property may be assigned an Engine or Connection, or assigned a
        string or URL to automatically create a basic Engine for this bind
        with ``create_engine()``."""

        return getattr(self.context, '_engine', None)

    @util.dependencies("sqlalchemy.engine.url")
    def _bind_to(self, url, bind):
        """Bind to a Connectable in the caller's thread."""

        if isinstance(bind, util.string_types + (url.URL, )):
            try:
                self.context._engine = self.__engines[bind]
            except KeyError:
                e = sqlalchemy.create_engine(bind)
                self.__engines[bind] = e
                self.context._engine = e
        else:
            # TODO: this is squirrely.  we shouldn't have to hold onto engines
            # in a case like this
            if bind not in self.__engines:
                self.__engines[bind] = bind
            self.context._engine = bind

    bind = property(bind, _bind_to)

    def is_bound(self):
        """True if there is a bind for this thread."""
        return (hasattr(self.context, '_engine') and
                self.context._engine is not None)

    def dispose(self):
        """Dispose all bound engines, in all thread contexts."""

        for e in self.__engines.values():
            if hasattr(e, 'dispose'):
                e.dispose()
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  Source code for sqlalchemy.orm.attributes

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

"""Defines instrumentation for class attributes and their interaction
with instances.

This module is usually not directly visible to user applications, but
defines a large part of the ORM's interactivity.


"""

import operator
from .. import util, event, inspection
from . import interfaces, collections, exc as orm_exc

from .base import instance_state, instance_dict, manager_of_class

from .base import PASSIVE_NO_RESULT, ATTR_WAS_SET, ATTR_EMPTY, NO_VALUE,\
    NEVER_SET, NO_CHANGE, CALLABLES_OK, SQL_OK, RELATED_OBJECT_OK,\
    INIT_OK, NON_PERSISTENT_OK, LOAD_AGAINST_COMMITTED, PASSIVE_OFF,\
    PASSIVE_RETURN_NEVER_SET, PASSIVE_NO_INITIALIZE, PASSIVE_NO_FETCH,\
    PASSIVE_NO_FETCH_RELATED, PASSIVE_ONLY_PERSISTENT, NO_AUTOFLUSH
from .base import state_str, instance_str


@inspection._self_inspects
class QueryableAttribute(interfaces._MappedAttribute,
                         interfaces.InspectionAttr,
                         interfaces.PropComparator):
    """Base class for :term:`descriptor` objects that intercept
    attribute events on behalf of a :class:`.MapperProperty`
    object.  The actual :class:`.MapperProperty` is accessible
    via the :attr:`.QueryableAttribute.property`
    attribute.


    .. seealso::

        :class:`.InstrumentedAttribute`

        :class:`.MapperProperty`

        :attr:`.Mapper.all_orm_descriptors`

        :attr:`.Mapper.attrs`
    """

    is_attribute = True

    def __init__(self, class_, key, impl=None,
                 comparator=None, parententity=None,
                 of_type=None):
        self.class_ = class_
        self.key = key
        self.impl = impl
        self.comparator = comparator
        self._parententity = parententity
        self._of_type = of_type

        manager = manager_of_class(class_)
        # manager is None in the case of AliasedClass
        if manager:
            # propagate existing event listeners from
            # immediate superclass
            for base in manager._bases:
                if key in base:
                    self.dispatch._update(base[key].dispatch)

    @util.memoized_property
    def _supports_population(self):
        return self.impl.supports_population

    def get_history(self, instance, passive=PASSIVE_OFF):
        return self.impl.get_history(instance_state(instance),
                                     instance_dict(instance), passive)

    def __selectable__(self):
        # TODO: conditionally attach this method based on clause_element ?
        return self

    @util.memoized_property
    def info(self):
        """Return the 'info' dictionary for the underlying SQL element.

        The behavior here is as follows:

        * If the attribute is a column-mapped property, i.e.
          :class:`.ColumnProperty`, which is mapped directly
          to a schema-level :class:`.Column` object, this attribute
          will return the :attr:`.SchemaItem.info` dictionary associated
          with the core-level :class:`.Column` object.

        * If the attribute is a :class:`.ColumnProperty` but is mapped to
          any other kind of SQL expression other than a :class:`.Column`,
          the attribute will refer to the :attr:`.MapperProperty.info`
          dictionary associated directly with the :class:`.ColumnProperty`,
          assuming the SQL expression itself does not have its own ``.info``
          attribute (which should be the case, unless a user-defined SQL
          construct has defined one).

        * If the attribute refers to any other kind of
          :class:`.MapperProperty`, including :class:`.RelationshipProperty`,
          the attribute will refer to the :attr:`.MapperProperty.info`
          dictionary associated with that :class:`.MapperProperty`.

        * To access the :attr:`.MapperProperty.info` dictionary of the
          :class:`.MapperProperty` unconditionally, including for a
          :class:`.ColumnProperty` that's associated directly with a
          :class:`.schema.Column`, the attribute can be referred to using
          :attr:`.QueryableAttribute.property` attribute, as
          ``MyClass.someattribute.property.info``.

        .. versionadded:: 0.8.0

        .. seealso::

            :attr:`.SchemaItem.info`

            :attr:`.MapperProperty.info`

        """
        return self.comparator.info

    @util.memoized_property
    def parent(self):
        """Return an inspection instance representing the parent.

        This will be either an instance of :class:`.Mapper`
        or :class:`.AliasedInsp`, depending upon the nature
        of the parent entity which this attribute is associated
        with.

        """
        return inspection.inspect(self._parententity)

    @property
    def expression(self):
        return self.comparator.__clause_element__()

    def __clause_element__(self):
        return self.comparator.__clause_element__()

    def _query_clause_element(self):
        """like __clause_element__(), but called specifically
        by :class:`.Query` to allow special behavior."""

        return self.comparator._query_clause_element()

    def adapt_to_entity(self, adapt_to_entity):
        assert not self._of_type
        return self.__class__(adapt_to_entity.entity,
                              self.key, impl=self.impl,
                              comparator=self.comparator.adapt_to_entity(
                                  adapt_to_entity),
                              parententity=adapt_to_entity)

    def of_type(self, cls):
        return QueryableAttribute(
            self.class_,
            self.key,
            self.impl,
            self.comparator.of_type(cls),
            self._parententity,
            of_type=cls)

    def label(self, name):
        return self._query_clause_element().label(name)

    def operate(self, op, *other, **kwargs):
        return op(self.comparator, *other, **kwargs)

    def reverse_operate(self, op, other, **kwargs):
        return op(other, self.comparator, **kwargs)

    def hasparent(self, state, optimistic=False):
        return self.impl.hasparent(state, optimistic=optimistic) is not False

    def __getattr__(self, key):
        try:
            return getattr(self.comparator, key)
        except AttributeError:
            raise AttributeError(
                'Neither %r object nor %r object associated with %s '
                'has an attribute %r' % (
                    type(self).__name__,
                    type(self.comparator).__name__,
                    self,
                    key)
            )

    def __str__(self):
        return "%s.%s" % (self.class_.__name__, self.key)

    @util.memoized_property
    def property(self):
        """Return the :class:`.MapperProperty` associated with this
        :class:`.QueryableAttribute`.


        Return values here will commonly be instances of
        :class:`.ColumnProperty` or :class:`.RelationshipProperty`.


        """
        return self.comparator.property


class InstrumentedAttribute(QueryableAttribute):
    """Class bound instrumented attribute which adds basic
    :term:`descriptor` methods.

    See :class:`.QueryableAttribute` for a description of most features.


    """

    def __set__(self, instance, value):
        self.impl.set(instance_state(instance),
                      instance_dict(instance), value, None)

    def __delete__(self, instance):
        self.impl.delete(instance_state(instance), instance_dict(instance))

    def __get__(self, instance, owner):
        if instance is None:
            return self

        dict_ = instance_dict(instance)
        if self._supports_population and self.key in dict_:
            return dict_[self.key]
        else:
            return self.impl.get(instance_state(instance), dict_)


def create_proxied_attribute(descriptor):
    """Create an QueryableAttribute / user descriptor hybrid.

    Returns a new QueryableAttribute type that delegates descriptor
    behavior and getattr() to the given descriptor.
    """

    # TODO: can move this to descriptor_props if the need for this
    # function is removed from ext/hybrid.py

    class Proxy(QueryableAttribute):
        """Presents the :class:`.QueryableAttribute` interface as a
        proxy on top of a Python descriptor / :class:`.PropComparator`
        combination.

        """

        def __init__(self, class_, key, descriptor,
                     comparator,
                     adapt_to_entity=None, doc=None,
                     original_property=None):
            self.class_ = class_
            self.key = key
            self.descriptor = descriptor
            self.original_property = original_property
            self._comparator = comparator
            self._adapt_to_entity = adapt_to_entity
            self.__doc__ = doc

        @property
        def property(self):
            return self.comparator.property

        @util.memoized_property
        def comparator(self):
            if util.callable(self._comparator):
                self._comparator = self._comparator()
            if self._adapt_to_entity:
                self._comparator = self._comparator.adapt_to_entity(
                    self._adapt_to_entity)
            return self._comparator

        def adapt_to_entity(self, adapt_to_entity):
            return self.__class__(adapt_to_entity.entity,
                                  self.key,
                                  self.descriptor,
                                  self._comparator,
                                  adapt_to_entity)

        def __get__(self, instance, owner):
            if instance is None:
                return self
            else:
                return self.descriptor.__get__(instance, owner)

        def __str__(self):
            return "%s.%s" % (self.class_.__name__, self.key)

        def __getattr__(self, attribute):
            """Delegate __getattr__ to the original descriptor and/or
            comparator."""

            try:
                return getattr(descriptor, attribute)
            except AttributeError:
                try:
                    return getattr(self.comparator, attribute)
                except AttributeError:
                    raise AttributeError(
                        'Neither %r object nor %r object associated with %s '
                        'has an attribute %r' % (
                            type(descriptor).__name__,
                            type(self.comparator).__name__,
                            self,
                            attribute)
                    )

    Proxy.__name__ = type(descriptor).__name__ + 'Proxy'

    util.monkeypatch_proxied_specials(Proxy, type(descriptor),
                                      name='descriptor',
                                      from_instance=descriptor)
    return Proxy

OP_REMOVE = util.symbol("REMOVE")
OP_APPEND = util.symbol("APPEND")
OP_REPLACE = util.symbol("REPLACE")


class Event(object):
    """A token propagated throughout the course of a chain of attribute
    events.

    Serves as an indicator of the source of the event and also provides
    a means of controlling propagation across a chain of attribute
    operations.

    The :class:`.Event` object is sent as the ``initiator`` argument
    when dealing with the :meth:`.AttributeEvents.append`,
    :meth:`.AttributeEvents.set`,
    and :meth:`.AttributeEvents.remove` events.

    The :class:`.Event` object is currently interpreted by the backref
    event handlers, and is used to control the propagation of operations
    across two mutually-dependent attributes.

    .. versionadded:: 0.9.0

    :var impl: The :class:`.AttributeImpl` which is the current event
     initiator.

    :var op: The symbol :attr:`.OP_APPEND`, :attr:`.OP_REMOVE` or
     :attr:`.OP_REPLACE`, indicating the source operation.

    """

    __slots__ = 'impl', 'op', 'parent_token'

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

    def __eq__(self, other):
        return isinstance(other, Event) and \
            other.impl is self.impl and \
            other.op == self.op

    @property
    def key(self):
        return self.impl.key

    def hasparent(self, state):
        return self.impl.hasparent(state)


class AttributeImpl(object):
    """internal implementation for instrumented attributes."""

    def __init__(self, class_, key,
                 callable_, dispatch, trackparent=False, extension=None,
                 compare_function=None, active_history=False,
                 parent_token=None, expire_missing=True,
                 send_modified_events=True,
                 **kwargs):
        """Construct an AttributeImpl.

        \class_
          associated class

        key
          string name of the attribute

        \callable_
          optional function which generates a callable based on a parent
          instance, which produces the "default" values for a scalar or
          collection attribute when it's first accessed, if not present
          already.

        trackparent
          if True, attempt to track if an instance has a parent attached
          to it via this attribute.

        extension
          a single or list of AttributeExtension object(s) which will
          receive set/delete/append/remove/etc. events.  Deprecated.
          The event package is now used.

        compare_function
          a function that compares two values which are normally
          assignable to this attribute.

        active_history
          indicates that get_history() should always return the "old" value,
          even if it means executing a lazy callable upon attribute change.

        parent_token
          Usually references the MapperProperty, used as a key for
          the hasparent() function to identify an "owning" attribute.
          Allows multiple AttributeImpls to all match a single
          owner attribute.

        expire_missing
          if False, don't add an "expiry" callable to this attribute
          during state.expire_attributes(None), if no value is present
          for this key.

        send_modified_events
          if False, the InstanceState._modified_event method will have no
          effect; this means the attribute will never show up as changed in a
          history entry.
        """
        self.class_ = class_
        self.key = key
        self.callable_ = callable_
        self.dispatch = dispatch
        self.trackparent = trackparent
        self.parent_token = parent_token or self
        self.send_modified_events = send_modified_events
        if compare_function is None:
            self.is_equal = operator.eq
        else:
            self.is_equal = compare_function

        # TODO: pass in the manager here
        # instead of doing a lookup
        attr = manager_of_class(class_)[key]

        for ext in util.to_list(extension or []):
            ext._adapt_listener(attr, ext)

        if active_history:
            self.dispatch._active_history = True

        self.expire_missing = expire_missing

    __slots__ = (
        'class_', 'key', 'callable_', 'dispatch', 'trackparent',
        'parent_token', 'send_modified_events', 'is_equal', 'expire_missing'
    )

    def __str__(self):
        return "%s.%s" % (self.class_.__name__, self.key)

    def _get_active_history(self):
        """Backwards compat for impl.active_history"""

        return self.dispatch._active_history

    def _set_active_history(self, value):
        self.dispatch._active_history = value

    active_history = property(_get_active_history, _set_active_history)

    def hasparent(self, state, optimistic=False):
        """Return the boolean value of a `hasparent` flag attached to
        the given state.

        The `optimistic` flag determines what the default return value
        should be if no `hasparent` flag can be located.

        As this function is used to determine if an instance is an
        *orphan*, instances that were loaded from storage should be
        assumed to not be orphans, until a True/False value for this
        flag is set.

        An instance attribute that is loaded by a callable function
        will also not have a `hasparent` flag.

        """
        msg = "This AttributeImpl is not configured to track parents."
        assert self.trackparent, msg

        return state.parents.get(id(self.parent_token), optimistic) \
            is not False

    def sethasparent(self, state, parent_state, value):
        """Set a boolean flag on the given item corresponding to
        whether or not it is attached to a parent object via the
        attribute represented by this ``InstrumentedAttribute``.

        """
        msg = "This AttributeImpl is not configured to track parents."
        assert self.trackparent, msg

        id_ = id(self.parent_token)
        if value:
            state.parents[id_] = parent_state
        else:
            if id_ in state.parents:
                last_parent = state.parents[id_]

                if last_parent is not False and \
                        last_parent.key != parent_state.key:

                    if last_parent.obj() is None:
                        raise orm_exc.StaleDataError(
                            "Removing state %s from parent "
                            "state %s along attribute '%s', "
                            "but the parent record "
                            "has gone stale, can't be sure this "
                            "is the most recent parent." %
                            (state_str(state),
                             state_str(parent_state),
                             self.key))

                    return

            state.parents[id_] = False

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

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        """Return a list of tuples of (state, obj)
        for all objects in this attribute's current state
        + history.

        Only applies to object-based attributes.

        This is an inlining of existing functionality
        which roughly corresponds to:

            get_state_history(
                        state,
                        key,
                        passive=PASSIVE_NO_INITIALIZE).sum()

        """
        raise NotImplementedError()

    def initialize(self, state, dict_):
        """Initialize the given state's attribute with an empty value."""

        # As of 1.0, we don't actually set a value in
        # dict_.  This is so that the state of the object does not get
        # modified without emitting the appropriate events.


        return None

    def get(self, state, dict_, passive=PASSIVE_OFF):
        """Retrieve a value from the given object.
        If a callable is assembled on this object's attribute, and
        passive is False, the callable will be executed and the
        resulting value will be set as the new value for this attribute.
        """
        if self.key in dict_:
            return dict_[self.key]
        else:
            # if history present, don't load
            key = self.key
            if key not in state.committed_state or \
                    state.committed_state[key] is NEVER_SET:
                if not passive & CALLABLES_OK:
                    return PASSIVE_NO_RESULT

                if key in state.expired_attributes:
                    value = state._load_expired(state, passive)
                elif key in state.callables:
                    callable_ = state.callables[key]
                    value = callable_(state, passive)
                elif self.callable_:
                    value = self.callable_(state, passive)
                else:
                    value = ATTR_EMPTY

                if value is PASSIVE_NO_RESULT or value is NEVER_SET:
                    return value
                elif value is ATTR_WAS_SET:
                    try:
                        return dict_[key]
                    except KeyError:
                        # TODO: no test coverage here.
                        raise KeyError(
                            "Deferred loader for attribute "
                            "%r failed to populate "
                            "correctly" % key)
                elif value is not ATTR_EMPTY:
                    return self.set_committed_value(state, dict_, value)

            if not passive & INIT_OK:
                return NEVER_SET
            else:
                # Return a new, empty value
                return self.initialize(state, dict_)

    def append(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(state, dict_, value, initiator, passive=passive)

    def remove(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(state, dict_, None, initiator,
                 passive=passive, check_old=value)

    def pop(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(state, dict_, None, initiator,
                 passive=passive, check_old=value, pop=True)

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, check_old=None, pop=False):
        raise NotImplementedError()

    def get_committed_value(self, state, dict_, passive=PASSIVE_OFF):
        """return the unchanged value of this attribute"""

        if self.key in state.committed_state:
            value = state.committed_state[self.key]
            if value in (NO_VALUE, NEVER_SET):
                return None
            else:
                return value
        else:
            return self.get(state, dict_, passive=passive)

    def set_committed_value(self, state, dict_, value):
        """set an attribute value on the given instance and 'commit' it."""

        dict_[self.key] = value
        state._commit(dict_, [self.key])
        return value


class ScalarAttributeImpl(AttributeImpl):
    """represents a scalar value-holding InstrumentedAttribute."""

    accepts_scalar_loader = True
    uses_objects = False
    supports_population = True
    collection = False

    __slots__ = '_replace_token', '_append_token', '_remove_token'

    def __init__(self, *arg, **kw):
        super(ScalarAttributeImpl, self).__init__(*arg, **kw)
        self._replace_token = self._append_token = None
        self._remove_token = None

    def _init_append_token(self):
        self._replace_token = self._append_token = Event(self, OP_REPLACE)
        return self._replace_token

    _init_append_or_replace_token = _init_append_token

    def _init_remove_token(self):
        self._remove_token = Event(self, OP_REMOVE)
        return self._remove_token

    def delete(self, state, dict_):

        # TODO: catch key errors, convert to attributeerror?
        if self.dispatch._active_history:
            old = self.get(state, dict_, PASSIVE_RETURN_NEVER_SET)
        else:
            old = dict_.get(self.key, NO_VALUE)

        if self.dispatch.remove:
            self.fire_remove_event(state, dict_, old, self._remove_token)
        state._modified_event(dict_, self, old)
        del dict_[self.key]

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        if self.key in dict_:
            return History.from_scalar_attribute(self, state, dict_[self.key])
        else:
            if passive & INIT_OK:
                passive ^= INIT_OK
            current = self.get(state, dict_, passive=passive)
            if current is PASSIVE_NO_RESULT:
                return HISTORY_BLANK
            else:
                return History.from_scalar_attribute(self, state, current)

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, check_old=None, pop=False):
        if self.dispatch._active_history:
            old = self.get(state, dict_, PASSIVE_RETURN_NEVER_SET)
        else:
            old = dict_.get(self.key, NO_VALUE)

        if self.dispatch.set:
            value = self.fire_replace_event(state, dict_,
                                            value, old, initiator)
        state._modified_event(dict_, self, old)
        dict_[self.key] = value

    def fire_replace_event(self, state, dict_, value, previous, initiator):
        for fn in self.dispatch.set:
            value = fn(
                state, value, previous,
                initiator or self._replace_token or
                self._init_append_or_replace_token())
        return value

    def fire_remove_event(self, state, dict_, value, initiator):
        for fn in self.dispatch.remove:
            fn(state, value,
               initiator or self._remove_token or self._init_remove_token())

    @property
    def type(self):
        self.property.columns[0].type


class ScalarObjectAttributeImpl(ScalarAttributeImpl):
    """represents a scalar-holding InstrumentedAttribute,
       where the target object is also instrumented.

       Adds events to delete/set operations.

    """

    accepts_scalar_loader = False
    uses_objects = True
    supports_population = True
    collection = False

    __slots__ = ()

    def delete(self, state, dict_):
        old = self.get(state, dict_)
        self.fire_remove_event(
            state, dict_, old,
            self._remove_token or self._init_remove_token())
        del dict_[self.key]

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        if self.key in dict_:
            return History.from_object_attribute(self, state, dict_[self.key])
        else:
            if passive & INIT_OK:
                passive ^= INIT_OK
            current = self.get(state, dict_, passive=passive)
            if current is PASSIVE_NO_RESULT:
                return HISTORY_BLANK
            else:
                return History.from_object_attribute(self, state, current)

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        if self.key in dict_:
            current = dict_[self.key]
        elif passive & CALLABLES_OK:
            current = self.get(state, dict_, passive=passive)
        else:
            return []

        # can't use __hash__(), can't use __eq__() here
        if current is not None and \
                current is not PASSIVE_NO_RESULT and \
                current is not NEVER_SET:
            ret = [(instance_state(current), current)]
        else:
            ret = [(None, None)]

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

                ret.append((instance_state(original), original))
        return ret

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, check_old=None, pop=False):
        """Set a value on the given InstanceState.

        """
        if self.dispatch._active_history:
            old = self.get(
                state, dict_, passive=PASSIVE_ONLY_PERSISTENT | NO_AUTOFLUSH)
        else:
            old = self.get(state, dict_, passive=PASSIVE_NO_FETCH ^ INIT_OK)

        if check_old is not None and \
                old is not PASSIVE_NO_RESULT and \
                check_old is not old:
            if pop:
                return
            else:
                raise ValueError(
                    "Object %s not associated with %s on attribute '%s'" % (
                        instance_str(check_old),
                        state_str(state),
                        self.key
                    ))

        value = self.fire_replace_event(state, dict_, value, old, initiator)
        dict_[self.key] = value

    def fire_remove_event(self, state, dict_, value, initiator):
        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, False)

        for fn in self.dispatch.remove:
            fn(state, value, initiator or
               self._remove_token or self._init_remove_token())

        state._modified_event(dict_, self, value)

    def fire_replace_event(self, state, dict_, value, previous, initiator):
        if self.trackparent:
            if (previous is not value and
                    previous not in (None, PASSIVE_NO_RESULT, NEVER_SET)):
                self.sethasparent(instance_state(previous), state, False)

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

        state._modified_event(dict_, self, previous)

        if self.trackparent:
            if value is not None:
                self.sethasparent(instance_state(value), state, True)

        return value


class CollectionAttributeImpl(AttributeImpl):
    """A collection-holding attribute that instruments changes in membership.

    Only handles collections of instrumented objects.

    InstrumentedCollectionAttribute holds an arbitrary, user-specified
    container object (defaulting to a list) and brokers access to the
    CollectionAdapter, a "view" onto that object that presents consistent bag
    semantics to the orm layer independent of the user data implementation.

    """
    accepts_scalar_loader = False
    uses_objects = True
    supports_population = True
    collection = True

    __slots__ = 'copy', 'collection_factory', '_append_token', '_remove_token'

    def __init__(self, class_, key, callable_, dispatch,
                 typecallable=None, trackparent=False, extension=None,
                 copy_function=None, compare_function=None, **kwargs):
        super(CollectionAttributeImpl, self).__init__(
            class_,
            key,
            callable_, dispatch,
            trackparent=trackparent,
            extension=extension,
            compare_function=compare_function,
            **kwargs)

        if copy_function is None:
            copy_function = self.__copy
        self.copy = copy_function
        self.collection_factory = typecallable
        self._append_token = None
        self._remove_token = None

        if getattr(self.collection_factory, "_sa_linker", None):

            @event.listens_for(self, "init_collection")
            def link(target, collection, collection_adapter):
                collection._sa_linker(collection_adapter)

            @event.listens_for(self, "dispose_collection")
            def unlink(target, collection, collection_adapter):
                collection._sa_linker(None)

    def _init_append_token(self):
        self._append_token = Event(self, OP_APPEND)
        return self._append_token

    def _init_remove_token(self):
        self._remove_token = Event(self, OP_REMOVE)
        return self._remove_token

    def __copy(self, item):
        return [y for y in collections.collection_adapter(item)]

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        current = self.get(state, dict_, passive=passive)
        if current is PASSIVE_NO_RESULT:
            return HISTORY_BLANK
        else:
            return History.from_collection(self, state, current)

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        # NOTE: passive is ignored here at the moment

        if self.key not in dict_:
            return []

        current = dict_[self.key]
        current = getattr(current, '_sa_adapter')

        if self.key in state.committed_state:
            original = state.committed_state[self.key]
            if original not in (NO_VALUE, NEVER_SET):
                current_states = [((c is not None) and
                                   instance_state(c) or None, c)
                                  for c in current]
                original_states = [((c is not None) and
                                    instance_state(c) or None, c)
                                   for c in original]

                current_set = dict(current_states)
                original_set = dict(original_states)

                return \
                    [(s, o) for s, o in current_states
                        if s not in original_set] + \
                    [(s, o) for s, o in current_states
                        if s in original_set] + \
                    [(s, o) for s, o in original_states
                        if s not in current_set]

        return [(instance_state(o), o) for o in current]

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

        state._modified_event(dict_, self, NEVER_SET, True)

        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, True)

        return value

    def fire_pre_remove_event(self, state, dict_, initiator):
        state._modified_event(dict_, self, NEVER_SET, True)

    def fire_remove_event(self, state, dict_, value, initiator):
        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, False)

        for fn in self.dispatch.remove:
            fn(state, value,
               initiator or self._remove_token or self._init_remove_token())

        state._modified_event(dict_, self, NEVER_SET, True)

    def delete(self, state, dict_):
        if self.key not in dict_:
            return

        state._modified_event(dict_, self, NEVER_SET, True)

        collection = self.get_collection(state, state.dict)
        collection.clear_with_event()
        # TODO: catch key errors, convert to attributeerror?
        del dict_[self.key]

    def initialize(self, state, dict_):
        """Initialize this attribute with an empty collection."""

        _, user_data = self._initialize_collection(state)
        dict_[self.key] = user_data
        return user_data

    def _initialize_collection(self, state):

        adapter, collection = state.manager.initialize_collection(
            self.key, state, self.collection_factory)

        self.dispatch.init_collection(state, collection, adapter)

        return adapter, collection

    def append(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        collection = self.get_collection(state, dict_, passive=passive)
        if collection is PASSIVE_NO_RESULT:
            value = self.fire_append_event(state, dict_, value, initiator)
            assert self.key not in dict_, \
                "Collection was loaded during event handling."
            state._get_pending_mutation(self.key).append(value)
        else:
            collection.append_with_event(value, initiator)

    def remove(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        collection = self.get_collection(state, state.dict, passive=passive)
        if collection is PASSIVE_NO_RESULT:
            self.fire_remove_event(state, dict_, value, initiator)
            assert self.key not in dict_, \
                "Collection was loaded during event handling."
            state._get_pending_mutation(self.key).remove(value)
        else:
            collection.remove_with_event(value, initiator)

    def pop(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        try:
            # TODO: better solution here would be to add
            # a "popper" role to collections.py to complement
            # "remover".
            self.remove(state, dict_, value, initiator, passive=passive)
        except (ValueError, KeyError, IndexError):
            pass

    def set(self, state, dict_, value, initiator,
            passive=PASSIVE_OFF, pop=False):
        """Set a value on the given object.

        """

        self._set_iterable(
            state, dict_, value,
            lambda adapter, i: adapter.adapt_like_to_iterable(i))

    def _set_iterable(self, state, dict_, iterable, adapter=None):
        """Set a collection value from an iterable of state-bearers.

        ``adapter`` is an optional callable invoked with a CollectionAdapter
        and the iterable.  Should return an iterable of state-bearing
        instances suitable for appending via a CollectionAdapter.  Can be used
        for, e.g., adapting an incoming dictionary into an iterator of values
        rather than keys.

        """
        # pulling a new collection first so that an adaptation exception does
        # not trigger a lazy load of the old collection.
        new_collection, user_data = self._initialize_collection(state)
        if adapter:
            new_values = list(adapter(new_collection, iterable))
        else:
            new_values = list(iterable)

        old = self.get(state, dict_, passive=PASSIVE_ONLY_PERSISTENT)
        if old is PASSIVE_NO_RESULT:
            old = self.initialize(state, dict_)
        elif old is iterable:
            # ignore re-assignment of the current collection, as happens
            # implicitly with in-place operators (foo.collection |= other)
            return

        # place a copy of "old" in state.committed_state
        state._modified_event(dict_, self, old, True)

        old_collection = old._sa_adapter

        dict_[self.key] = user_data

        collections.bulk_replace(new_values, old_collection, new_collection)

        del old._sa_adapter
        self.dispatch.dispose_collection(state, old, old_collection)

    def _invalidate_collection(self, collection):
        adapter = getattr(collection, '_sa_adapter')
        adapter.invalidated = True

    def set_committed_value(self, state, dict_, value):
        """Set an attribute value on the given instance and 'commit' it."""

        collection, user_data = self._initialize_collection(state)

        if value:
            collection.append_multiple_without_event(value)

        state.dict[self.key] = user_data

        state._commit(dict_, [self.key])

        if self.key in state._pending_mutations:
            # pending items exist.  issue a modified event,
            # add/remove new items.
            state._modified_event(dict_, self, user_data, True)

            pending = state._pending_mutations.pop(self.key)
            added = pending.added_items
            removed = pending.deleted_items
            for item in added:
                collection.append_without_event(item)
            for item in removed:
                collection.remove_without_event(item)

        return user_data

    def get_collection(self, state, dict_,
                       user_data=None, passive=PASSIVE_OFF):
        """Retrieve the CollectionAdapter associated with the given state.

        Creates a new CollectionAdapter if one does not exist.

        """
        if user_data is None:
            user_data = self.get(state, dict_, passive=passive)
            if user_data is PASSIVE_NO_RESULT:
                return user_data

        return getattr(user_data, '_sa_adapter')


def backref_listeners(attribute, key, uselist):
    """Apply listeners to synchronize a two-way relationship."""

    # use easily recognizable names for stack traces

    parent_token = attribute.impl.parent_token
    parent_impl = attribute.impl

    def _acceptable_key_err(child_state, initiator, child_impl):
        raise ValueError(
            "Bidirectional attribute conflict detected: "
            'Passing object %s to attribute "%s" '
            'triggers a modify event on attribute "%s" '
            'via the backref "%s".' % (
                state_str(child_state),
                initiator.parent_token,
                child_impl.parent_token,
                attribute.impl.parent_token
            )
        )

    def emit_backref_from_scalar_set_event(state, child, oldchild, initiator):
        if oldchild is child:
            return child
        if oldchild is not None and \
                oldchild is not PASSIVE_NO_RESULT and \
                oldchild is not NEVER_SET:
            # With lazy=None, there's no guarantee that the full collection is
            # present when updating via a backref.
            old_state, old_dict = instance_state(oldchild),\
                instance_dict(oldchild)
            impl = old_state.manager[key].impl

            if initiator.impl is not impl or \
                    initiator.op not in (OP_REPLACE, OP_REMOVE):
                impl.pop(old_state,
                         old_dict,
                         state.obj(),
                         parent_impl._append_token or
                            parent_impl._init_append_token(),
                         passive=PASSIVE_NO_FETCH)

        if child is not None:
            child_state, child_dict = instance_state(child),\
                instance_dict(child)
            child_impl = child_state.manager[key].impl
            if initiator.parent_token is not parent_token and \
                    initiator.parent_token is not child_impl.parent_token:
                _acceptable_key_err(state, initiator, child_impl)
            elif initiator.impl is not child_impl or \
                    initiator.op not in (OP_APPEND, OP_REPLACE):
                child_impl.append(
                    child_state,
                    child_dict,
                    state.obj(),
                    initiator,
                    passive=PASSIVE_NO_FETCH)
        return child

    def emit_backref_from_collection_append_event(state, child, initiator):
        if child is None:
            return

        child_state, child_dict = instance_state(child), \
            instance_dict(child)
        child_impl = child_state.manager[key].impl

        if initiator.parent_token is not parent_token and \
                initiator.parent_token is not child_impl.parent_token:
            _acceptable_key_err(state, initiator, child_impl)
        elif initiator.impl is not child_impl or \
                initiator.op not in (OP_APPEND, OP_REPLACE):
            child_impl.append(
                child_state,
                child_dict,
                state.obj(),
                initiator,
                passive=PASSIVE_NO_FETCH)
        return child

    def emit_backref_from_collection_remove_event(state, child, initiator):
        if child is not None:
            child_state, child_dict = instance_state(child),\
                instance_dict(child)
            child_impl = child_state.manager[key].impl
            if initiator.impl is not child_impl or \
                    initiator.op not in (OP_REMOVE, OP_REPLACE):
                child_impl.pop(
                    child_state,
                    child_dict,
                    state.obj(),
                    initiator,
                    passive=PASSIVE_NO_FETCH)

    if uselist:
        event.listen(attribute, "append",
                     emit_backref_from_collection_append_event,
                     retval=True, raw=True)
    else:
        event.listen(attribute, "set",
                     emit_backref_from_scalar_set_event,
                     retval=True, raw=True)
    # TODO: need coverage in test/orm/ of remove event
    event.listen(attribute, "remove",
                 emit_backref_from_collection_remove_event,
                 retval=True, raw=True)

_NO_HISTORY = util.symbol('NO_HISTORY')
_NO_STATE_SYMBOLS = frozenset([
    id(PASSIVE_NO_RESULT),
    id(NO_VALUE),
    id(NEVER_SET)])

History = util.namedtuple("History", [
    "added", "unchanged", "deleted"
])


class History(History):
    """A 3-tuple of added, unchanged and deleted values,
    representing the changes which have occurred on an instrumented
    attribute.

    The easiest way to get a :class:`.History` object for a particular
    attribute on an object is to use the :func:`.inspect` function::

        from sqlalchemy import inspect

        hist = inspect(myobject).attrs.myattribute.history

    Each tuple member is an iterable sequence:

    * ``added`` - the collection of items added to the attribute (the first
      tuple element).

    * ``unchanged`` - the collection of items that have not changed on the
      attribute (the second tuple element).

    * ``deleted`` - the collection of items that have been removed from the
      attribute (the third tuple element).

    """

    def __bool__(self):
        return self != HISTORY_BLANK
    __nonzero__ = __bool__

    def empty(self):
        """Return True if this :class:`.History` has no changes
        and no existing, unchanged state.

        """

        return not bool(
            (self.added or self.deleted)
            or self.unchanged
        )

    def sum(self):
        """Return a collection of added + unchanged + deleted."""

        return (self.added or []) +\
            (self.unchanged or []) +\
            (self.deleted or [])

    def non_deleted(self):
        """Return a collection of added + unchanged."""

        return (self.added or []) +\
            (self.unchanged or [])

    def non_added(self):
        """Return a collection of unchanged + deleted."""

        return (self.unchanged or []) +\
            (self.deleted or [])

    def has_changes(self):
        """Return True if this :class:`.History` has changes."""

        return bool(self.added or self.deleted)

    def as_state(self):
        return History(
            [(c is not None)
             and instance_state(c) or None
             for c in self.added],
            [(c is not None)
             and instance_state(c) or None
             for c in self.unchanged],
            [(c is not None)
             and instance_state(c) or None
             for c in self.deleted],
        )

    @classmethod
    def from_scalar_attribute(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)

        if original is _NO_HISTORY:
            if current is NEVER_SET:
                return cls((), (), ())
            else:
                return cls((), [current], ())
        # don't let ClauseElement expressions here trip things up
        elif attribute.is_equal(current, original) is True:
            return cls((), [current], ())
        else:
            # current convention on native scalars is to not
            # include information
            # about missing previous value in "deleted", but
            # we do include None, which helps in some primary
            # key situations
            if id(original) in _NO_STATE_SYMBOLS:
                deleted = ()
            else:
                deleted = [original]
            if current is NEVER_SET:
                return cls((), (), deleted)
            else:
                return cls([current], (), deleted)

    @classmethod
    def from_object_attribute(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)

        if original is _NO_HISTORY:
            if current is NO_VALUE or current is NEVER_SET:
                return cls((), (), ())
            else:
                return cls((), [current], ())
        elif current is original:
            return cls((), [current], ())
        else:
            # current convention on related objects is to not
            # include information
            # about missing previous value in "deleted", and
            # to also not include None - the dependency.py rules
            # ignore the None in any case.
            if id(original) in _NO_STATE_SYMBOLS or original is None:
                deleted = ()
            else:
                deleted = [original]
            if current is NO_VALUE or current is NEVER_SET:
                return cls((), (), deleted)
            else:
                return cls([current], (), deleted)

    @classmethod
    def from_collection(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)

        if current is NO_VALUE or current is NEVER_SET:
            return cls((), (), ())

        current = getattr(current, '_sa_adapter')
        if original in (NO_VALUE, NEVER_SET):
            return cls(list(current), (), ())
        elif original is _NO_HISTORY:
            return cls((), list(current), ())
        else:

            current_states = [((c is not None) and instance_state(c)
                               or None, c)
                              for c in current
                              ]
            original_states = [((c is not None) and instance_state(c)
                                or None, c)
                               for c in original
                               ]

            current_set = dict(current_states)
            original_set = dict(original_states)

            return cls(
                [o for s, o in current_states if s not in original_set],
                [o for s, o in current_states if s in original_set],
                [o for s, o in original_states if s not in current_set]
            )

HISTORY_BLANK = History(None, None, None)


def get_history(obj, key, passive=PASSIVE_OFF):
    """Return a :class:`.History` record for the given object
    and attribute key.

    :param obj: an object whose class is instrumented by the
      attributes package.

    :param key: string attribute name.

    :param passive: indicates loading behavior for the attribute
       if the value is not already present.   This is a
       bitflag attribute, which defaults to the symbol
       :attr:`.PASSIVE_OFF` indicating all necessary SQL
       should be emitted.

    """
    if passive is True:
        util.warn_deprecated("Passing True for 'passive' is deprecated. "
                             "Use attributes.PASSIVE_NO_INITIALIZE")
        passive = PASSIVE_NO_INITIALIZE
    elif passive is False:
        util.warn_deprecated("Passing False for 'passive' is "
                             "deprecated.  Use attributes.PASSIVE_OFF")
        passive = PASSIVE_OFF

    return get_state_history(instance_state(obj), key, passive)


def get_state_history(state, key, passive=PASSIVE_OFF):
    return state.get_history(key, passive)


def has_parent(cls, obj, key, optimistic=False):
    """TODO"""
    manager = manager_of_class(cls)
    state = instance_state(obj)
    return manager.has_parent(state, key, optimistic)


def register_attribute(class_, key, **kw):
    comparator = kw.pop('comparator', None)
    parententity = kw.pop('parententity', None)
    doc = kw.pop('doc', None)
    desc = register_descriptor(class_, key,
                               comparator, parententity, doc=doc)
    register_attribute_impl(class_, key, **kw)
    return desc


def register_attribute_impl(class_, key,
                            uselist=False, callable_=None,
                            useobject=False,
                            impl_class=None, backref=None, **kw):

    manager = manager_of_class(class_)
    if uselist:
        factory = kw.pop('typecallable', None)
        typecallable = manager.instrument_collection_class(
            key, factory or list)
    else:
        typecallable = kw.pop('typecallable', None)

    dispatch = manager[key].dispatch

    if impl_class:
        impl = impl_class(class_, key, typecallable, dispatch, **kw)
    elif uselist:
        impl = CollectionAttributeImpl(class_, key, callable_, dispatch,
                                       typecallable=typecallable, **kw)
    elif useobject:
        impl = ScalarObjectAttributeImpl(class_, key, callable_,
                                         dispatch, **kw)
    else:
        impl = ScalarAttributeImpl(class_, key, callable_, dispatch, **kw)

    manager[key].impl = impl

    if backref:
        backref_listeners(manager[key], backref, uselist)

    manager.post_configure_attribute(key)
    return manager[key]


def register_descriptor(class_, key, comparator=None,
                        parententity=None, doc=None):
    manager = manager_of_class(class_)

    descriptor = InstrumentedAttribute(class_, key, comparator=comparator,
                                       parententity=parententity)

    descriptor.__doc__ = doc

    manager.instrument_attribute(key, descriptor)
    return descriptor


def unregister_attribute(class_, key):
    manager_of_class(class_).uninstrument_attribute(key)


def init_collection(obj, key):
    """Initialize a collection attribute and return the collection adapter.

    This function is used to provide direct access to collection internals
    for a previously unloaded attribute.  e.g.::

        collection_adapter = init_collection(someobject, 'elements')
        for elem in values:
            collection_adapter.append_without_event(elem)

    For an easier way to do the above, see
    :func:`~sqlalchemy.orm.attributes.set_committed_value`.

    obj is an instrumented object instance.  An InstanceState
    is accepted directly for backwards compatibility but
    this usage is deprecated.

    """
    state = instance_state(obj)
    dict_ = state.dict
    return init_state_collection(state, dict_, key)


def init_state_collection(state, dict_, key):
    """Initialize a collection attribute and return the collection adapter."""

    attr = state.manager[key].impl
    user_data = attr.initialize(state, dict_)
    return attr.get_collection(state, dict_, user_data)


def set_committed_value(instance, key, value):
    """Set the value of an attribute with no history events.

    Cancels any previous history present.  The value should be
    a scalar value for scalar-holding attributes, or
    an iterable for any collection-holding attribute.

    This is the same underlying method used when a lazy loader
    fires off and loads additional data from the database.
    In particular, this method can be used by application code
    which has loaded additional attributes or collections through
    separate queries, which can then be attached to an instance
    as though it were part of its original loaded state.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.set_committed_value(state, dict_, value)


def set_attribute(instance, key, value):
    """Set the value of an attribute, firing history events.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to establish attribute state as understood
    by SQLAlchemy.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.set(state, dict_, value, None)


def get_attribute(instance, key):
    """Get the value of an attribute, firing any callables required.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to make usage of attribute state as understood
    by SQLAlchemy.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    return state.manager[key].impl.get(state, dict_)


def del_attribute(instance, key):
    """Delete the value of an attribute, firing history events.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to establish attribute state as understood
    by SQLAlchemy.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.delete(state, dict_)


def flag_modified(instance, key):
    """Mark an attribute on an instance as 'modified'.

    This sets the 'modified' flag on the instance and
    establishes an unconditional change event for the given attribute.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    impl = state.manager[key].impl
    state._modified_event(dict_, impl, NO_VALUE, force=True)
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  Source code for dallinger.experiments

"""The base experiment class."""

from dallinger.models import Network, Node, Info, Transformation, Participant
from dallinger.information import Gene, Meme, State
from dallinger.nodes import Agent, Source, Environment
from dallinger.transformations import Compression, Response
from dallinger.transformations import Mutation, Replication
from dallinger.networks import Empty
from sqlalchemy import and_
import random
import sys
from collections import Counter
from operator import itemgetter


[docs]class Experiment(object):
    """Define the structure of an experiment."""

[docs]    def __init__(self, session):
        """Create the experiment class. Sets the default value of attributes."""
        from recruiters import PsiTurkRecruiter

        #: Boolean, determines whether the experiment logs output when
        #: running. Default is True.
        self.verbose = True

        #: String, the name of the experiment. Default is "Experiment
        #: title".
        self.task = "Experiment title"

        #: session, the experiment's connection to the database.
        self.session = session

        #: int, the number of practice networks (see
        #: :attr:`~dallinger.models.Network.role`). Default is 0.
        self.practice_repeats = 0

        #: int, the number of non practice networks (see
        #: :attr:`~dallinger.models.Network.role`). Default is 0.
        self.experiment_repeats = 0

        #: Recruiter, the Dallinger class that recruits participants.
        #: Default is PsiTurkRecruiter.
        self.recruiter = PsiTurkRecruiter

        #: int, the number of participants
        #: requested when the experiment first starts. Default is 1.
        self.initial_recruitment_size = 1

        #: dictionary, the classes Dallinger can make in response
        #: to front-end requests. Experiments can add new classes to this
        #: dictionary.
        self.known_classes = {
            "Agent": Agent,
            "Compression": Compression,
            "Environment": Environment,
            "Gene": Gene,
            "Info": Info,
            "Meme": Meme,
            "Mutation": Mutation,
            "Node": Node,
            "Replication": Replication,
            "Response": Response,
            "Source": Source,
            "State": State,
            "Transformation": Transformation,
        }


[docs]    def setup(self):
        """Create the networks if they don't already exist."""
        if not self.networks():
            for _ in range(self.practice_repeats):
                network = self.create_network()
                network.role = "practice"
                self.session.add(network)
            for _ in range(self.experiment_repeats):
                network = self.create_network()
                network.role = "experiment"
                self.session.add(network)
            self.session.commit()


[docs]    def create_network(self):
        """Return a new network."""
        return Empty()


[docs]    def networks(self, role="all", full="all"):
        """All the networks in the experiment."""
        if full not in ["all", True, False]:
            raise ValueError("full must be boolean or all, it cannot be {}"
                             .format(full))

        if full == "all":
            if role == "all":
                return Network.query.all()
            else:
                return Network\
                    .query\
                    .filter_by(role=role)\
                    .all()
        else:
            if role == "all":
                return Network.query.filter_by(full=full)\
                    .all()
            else:
                return Network\
                    .query\
                    .filter(and_(Network.role == role, Network.full == full))\
                    .all()


[docs]    def get_network_for_participant(self, participant):
        """Find a network for a participant.

        If no networks are available, None will be returned. By default
        participants can participate only once in each network and participants
        first complete networks with `role="practice"` before doing all other
        networks in a random order.

        """
        key = participant.id
        networks_with_space = Network.query.filter_by(full=False).all()
        networks_participated_in = [
            node.network_id for node in
            Node.query.with_entities(Node.network_id)
                .filter_by(participant_id=participant.id).all()
        ]

        legal_networks = [
            net for net in networks_with_space
            if net.id not in networks_participated_in
        ]

        if not legal_networks:
            self.log("No networks available, returning None", key)
            return None

        self.log("{} networks out of {} available"
                 .format(len(legal_networks),
                         (self.practice_repeats + self.experiment_repeats)),
                 key)

        legal_practice_networks = [net for net in legal_networks
                                   if net.role == "practice"]
        if legal_practice_networks:
            chosen_network = legal_practice_networks[0]
            self.log("Practice networks available."
                     "Assigning participant to practice network {}."
                     .format(chosen_network.id), key)
        else:
            chosen_network = random.choice(legal_networks)
            self.log("No practice networks available."
                     "Assigning participant to experiment network {}"
                     .format(chosen_network.id), key)
        return chosen_network


[docs]    def create_node(self, participant, network):
        """Create a node for a participant."""
        return Node(network=network, participant=participant)


[docs]    def add_node_to_network(self, node, network):
        """Add a node to a network.

        This passes `node` to :func:`~dallinger.models.Network.add_node()`.

        """
        network.add_node(node)


[docs]    def data_check(self, participant):
        """Check that the data are acceptable.

        Return a boolean value indicating whether the `participant`'s data is
        acceptable. This is meant to check for missing or invalid data. This
        check will be run once the `participant` completes the experiment. By
        default performs no checks and returns True. See also,
        :func:`~dallinger.experiments.Experiment.attention_check`.

        """
        return True


[docs]    def bonus(self, participant):
        """The bonus to be awarded to the given participant.

        Return the value of the bonus to be paid to `participant`. By default
        returns 0.

        """
        return 0


[docs]    def bonus_reason(self):
        """The reason offered to the participant for giving the bonus.

        Return a string that will be included in an email sent to the
        `participant` receiving a bonus. By default it is "Thank you for
        participant! Here is your bonus."

        """
        return "Thank for participating! Here is your bonus."


[docs]    def attention_check(self, participant):
        """Check if participant performed adequately.

        Return a boolean value indicating whether the `participant`'s data is
        acceptable. This is mean to check the participant's data to determine
        that they paid attention. This check will run once the *participant*
        completes the experiment. By default performs no checks and returns
        True. See also :func:`~dallinger.experiments.Experiment.data_check`.

        """
        return True


[docs]    def submission_successful(self, participant):
        """Run when a participant submits successfully."""
        pass


[docs]    def recruit(self):
        """Recruit participants to the experiment as needed.

        This method runs whenever a participant successfully completes the
        experiment (participants who fail to finish successfully are
        automatically replaced). By default it recruits 1 participant at a time
        until all networks are full.

        """
        if self.networks(full=False):
            self.log("Network space available: recruiting 1 more participant",
                     "-----")
            self.recruiter().recruit_participants(n=1)
        else:
            self.log("All networks full: closing recruitment", "-----")
            self.recruiter().close_recruitment()


[docs]    def log(self, text, key="?????", force=False):
        """Print a string to the logs."""
        if force or self.verbose:
            print ">>>> {} {}".format(key, text)
            sys.stdout.flush()


[docs]    def log_summary(self):
        """Log a summary of all the participants' status codes."""
        participants = Participant.query\
            .with_entities(Participant.status).all()
        counts = Counter([p.status for p in participants])
        sorted_counts = sorted(counts.items(), key=itemgetter(0))
        self.log("Status summary: {}".format(str(sorted_counts)))
        return sorted_counts


[docs]    def save(self, *objects):
        """Add all the objects to the session and commit them.

        This only needs to be done for networks and participants.

        """
        if len(objects) > 0:
            self.session.add_all(objects)
        self.session.commit()


[docs]    def node_post_request(self, participant, node):
        """Run when a request to make a node is complete."""
        pass


[docs]    def node_get_request(self, node=None, nodes=None):
        """Run when a request to get nodes is complete."""
        pass


[docs]    def vector_post_request(self, node, vectors):
        """Run when a request to connect is complete."""
        pass


[docs]    def vector_get_request(self, node, vectors):
        """Run when a request to get vectors is complete."""
        pass


[docs]    def info_post_request(self, node, info):
        """Run when a request to create an info is complete."""
        pass


[docs]    def info_get_request(self, node, infos):
        """Run when a request to get infos is complete."""
        pass


[docs]    def transmission_post_request(self, node, transmissions):
        """Run when a request to transmit is complete."""
        pass


[docs]    def transmission_get_request(self, node, transmissions):
        """Run when a request to get transmissions is complete."""
        pass


[docs]    def transformation_post_request(self, node, transformation):
        """Run when a request to transform an info is complete."""
        pass


[docs]    def transformation_get_request(self, node, transformations):
        """Run when a request to get transformations is complete."""
        pass


[docs]    def fail_participant(self, participant):
        """Fail all the nodes of a participant."""
        participant_nodes = Node.query\
            .filter_by(participant_id=participant.id, failed=False)\
            .all()

        for node in participant_nodes:
            node.fail()


[docs]    def data_check_failed(self, participant):
        """What to do if a participant fails the data check.

        Runs when `participant` has failed :func:`~dallinger.experiments.Experiment.data_check`. By default calls
        :func:`~dallinger.experiments.Experiment.fail_participant`.

        """
        self.fail_participant(participant)


[docs]    def attention_check_failed(self, participant):
        """What to do if a participant fails the attention check.

        Runs when `participant` has failed the
        :func:`~dallinger.experiments.Experiment.attention_check`. By default calls
        :func:`~dallinger.experiments.Experiment.fail_participant`.

        """
        self.fail_participant(participant)


[docs]    def assignment_abandoned(self, participant):
        """What to do if a participant abandons the hit.

        This runs when a notification from AWS is received indicating that
        `participant` has run out of time. Calls
        :func:`~dallinger.experiments.Experiment.fail_participant`.

        """
        self.fail_participant(participant)


[docs]    def assignment_returned(self, participant):
        """What to do if a participant returns the hit.

        This runs when a notification from AWS is received indicating that
        `participant` has returned the experiment assignment. Calls
        :func:`~dallinger.experiments.Experiment.fail_participant`.

        """
        self.fail_participant(participant)
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  Source code for dallinger.models

"""Define Dallinger's core models."""

from datetime import datetime

from .db import Base

from sqlalchemy import ForeignKey, or_, and_
from sqlalchemy import (Column, String, Text, Enum, Integer, Boolean, DateTime,
                        Float)
from sqlalchemy.orm import relationship, validates

import inspect

DATETIME_FMT = "%Y-%m-%dT%H:%M:%S.%f"


def timenow():
    """A string representing the current date and time."""
    return datetime.now()


class SharedMixin(object):
    """Create shared columns."""

    #: a unique number for every entry. 1, 2, 3 and so on...
    id = Column(Integer, primary_key=True, index=True)

    #: the time at which the Network was created.
    creation_time = Column(DateTime, nullable=False, default=timenow)

    #: a generic column that can be used to store experiment-specific details in
    #: String form.
    property1 = Column(String(256), nullable=True, default=None)

    #: a generic column that can be used to store experiment-specific details in
    #: String form.
    property2 = Column(String(256), nullable=True, default=None)

    #: a generic column that can be used to store experiment-specific details in
    #: String form.
    property3 = Column(String(256), nullable=True, default=None)

    #: a generic column that can be used to store experiment-specific details in
    #: String form.
    property4 = Column(String(256), nullable=True, default=None)

    #: a generic column that can be used to store experiment-specific details in
    #: String form.
    property5 = Column(String(256), nullable=True, default=None)

    #: boolean indicating whether the Network has failed which
    #: prompts Dallinger to ignore it unless specified otherwise. Objects are
    #: usually failed to indicate something has gone wrong.
    failed = Column(Boolean, nullable=False, default=False, index=True)

    #: the time at which failing occurred
    time_of_death = Column(DateTime, default=None)


[docs]class Participant(Base, SharedMixin):
    """An ex silico participant."""

    __tablename__ = "participant"

    #: a String giving the name of the class. Defaults to
    #: "participant". This allows subclassing.
    type = Column(String(50))
    __mapper_args__ = {
        'polymorphic_on': type,
        'polymorphic_identity': 'participant'
    }

    #: A String, the worker id of the participant.
    worker_id = Column(String(50), nullable=False)

    #: A String, the assignment id of the participant.
    assignment_id = Column(String(50), nullable=False, index=True)

    #: A String, a concatenation of :attr:`~dallinger.models.Participant.worker_id`
    #: and :attr:`~dallinger.models.Participant.assignment_id`, used by psiTurk.
    unique_id = Column(String(50), nullable=False, index=True)

    #: A String, the id of the hit the participant is working on
    hit_id = Column(String(50), nullable=False)

    #: A String, the mode in which Dallinger is running: live,
    #: sandbox or debug.
    mode = Column(String(50), nullable=False)

    #: The time at which the participant finished.
    end_time = Column(DateTime)

    #: The amount the participant was paid for finishing the
    #: experiment.
    base_pay = Column(Float)

    #: the amount the participant was paid as a bonus.
    bonus = Column(Float)

    #: String representing the current status of the participant, can be:
    #:    - ``working`` - participant is working
    #:    - ``submitted`` - participant has submitted their work
    #:    - ``approved`` - their work has been approved and they have been paid
    #:    - ``rejected`` - their work has been rejected
    #:    - ``returned`` - they returned the hit before finishing
    #:    - ``abandoned`` - they ran out of time
    #:    - ``did_not_attend`` - the participant finished, but failed the
    #:      attention check
    #:    - ``bad_data`` - the participant finished, but their data was
    #:      malformed
    #:    - ``missing notification`` - this indicates that Dallinger has
    #:      inferred that a Mechanical Turk notification corresponding to this
    #:      participant failed to arrive. This is an uncommon, but potentially
    #:      serious issue.
    status = Column(Enum("working", "submitted", "approved", "rejected",
                         "returned", "abandoned", "did_not_attend", "bad_data",
                         "missing_notification", name="participant_status"),
                    nullable=False, default="working", index=True)

    def __init__(self, worker_id, assignment_id, hit_id, mode):
        """Create a participant."""
        self.worker_id = worker_id
        self.assignment_id = assignment_id
        self.hit_id = hit_id
        self.unique_id = worker_id + ":" + assignment_id
        self.mode = mode

[docs]    def __json__(self):
        """Return json description of a participant."""
        return {
            "id": self.id,
            "type": self.type,
            "worker_id": self.worker_id,
            "assignment_id": self.assignment_id,
            "unique_id": self.unique_id,
            "hit_id": self.hit_id,
            "mode": self.mode,
            "end_time": self.end_time,
            "base_pay": self.base_pay,
            "bonus": self.bonus,
            "status": self.status,
            "creation_time": self.creation_time,
            "failed": self.failed,
            "time_of_death": self.time_of_death,
            "property1": self.property1,
            "property2": self.property2,
            "property3": self.property3,
            "property4": self.property4,
            "property5": self.property5
        }


[docs]    def nodes(self, type=None, failed=False):
        """Get nodes associated with this participant.

        Return a list of nodes associated with the participant. If specified,
        ``type`` filters by class. By default failed nodes are excluded, to
        include only failed nodes use ``failed=True``, for all nodes use
        ``failed=all``.

        """
        if type is None:
            type = Node

        if not issubclass(type, Node):
            raise(TypeError("{} is not a valid node type.".format(type)))

        if failed not in ["all", False, True]:
            raise ValueError("{} is not a valid node failed".format(failed))

        if failed == "all":
            return type\
                .query\
                .filter_by(participant_id=self.id)\
                .all()
        else:
            return type\
                .query\
                .filter_by(failed=failed, participant_id=self.id)\
                .all()


[docs]    def questions(self, type=None):
        """Get questions associated with this participant.

        Return a list of questions associated with the participant. If
        specified, ``type`` filters by class.

        """
        if type is None:
            type = Question

        if not issubclass(type, Question):
            raise(TypeError("{} is not a valid question type.".format(type)))

        return type\
            .query\
            .filter_by(participant_id=self.id)\
            .all()


[docs]    def infos(self, type=None, failed=False):
        """Get all infos created by the participants nodes.

        Return a list of infos produced by nodes associated with the
        participant. If specified, ``type`` filters by class. By default, failed
        infos are excluded, to include only failed nodes use ``failed=True``,
        for all nodes use ``failed=all``. Note that failed filters the infos,
        not the nodes - infos from all nodes (whether failed or not) can be
        returned.

        """
        nodes = self.nodes(failed="all")
        infos = []
        for n in nodes:
            infos.extend(n.infos(type=type, failed=failed))
        return infos


[docs]    def fail(self):
        """Fail a participant.

        Set :attr:`~dallinger.models.SharedMixin.failed` to ``True`` and
        :attr:`~dallinger.models.SharedMixin.time_of_death` to now. Instruct all
        not-failed nodes associated with the participant to fail.

        """
        if self.failed is True:
            raise AttributeError(
                "Cannot fail {} - it has already failed.".format(self))
        else:
            self.failed = True
            self.time_of_death = timenow()

            for n in self.nodes():
                n.fail()




[docs]class Question(Base, SharedMixin):
    """Responses of a participant to debriefing questions."""

    __tablename__ = "question"

    #: a String giving the name of the class. Defaults to
    #: "question". This allows subclassing.
    type = Column(String(50))
    __mapper_args__ = {
        'polymorphic_on': type,
        'polymorphic_identity': 'question'
    }

    #: the participant who made the response
    participant_id = Column(Integer, ForeignKey('participant.id'))

    #: the participant who answered the question
    participant = relationship(Participant, backref='all_questions')

    #: A number identifying the question. e.g., each participant might complete
    #: three questions numbered 1, 2, and 3.
    number = Column(Integer, nullable=False)

    #: the text of the question
    question = Column(String(250), nullable=False)

    #: the participant's response. Stored as a string.
    response = Column(String(1000), nullable=False)

    def __init__(self, participant, question, response, number):
        """Create a question."""
        # check the participant hasn't failed
        if participant.failed:
            raise ValueError("{} cannot create a question as it has failed"
                             .format(participant))

        self.participant = participant
        self.participant_id = participant.id
        self.number = number
        self.question = question
        self.response = response

[docs]    def fail(self):
        """Fail a question.

        Set :attr:`~dallinger.models.SharedMixin.failed` to True and
        :attr:`~dallinger.models.SharedMixin.time_of_death` to now.

        """
        if self.failed is True:
            raise AttributeError(
                "Cannot fail {} - it has already failed.".format(self))
        else:
            self.failed = True
            self.time_of_death = timenow()


[docs]    def __json__(self):
        """Return json description of a question."""
        return {
            "id": self.id,
            "number": self.number,
            "type": self.type,
            "participant_id": self.participant_id,
            "question": self.question,
            "response": self.response,
            "failed": self.failed,
            "time_of_death": self.time_of_death,
            "creation_time": self.creation_time,
            "property1": self.property1,
            "property2": self.property2,
            "property3": self.property3,
            "property4": self.property4,
            "property5": self.property5
        }




[docs]class Network(Base, SharedMixin):
    """Contains and manages a set of Nodes and Vectors etc."""

    __tablename__ = "network"

    #: A String giving the name of the class. Defaults to
    #: "network". This allows subclassing.
    type = Column(String(50))

    __mapper_args__ = {
        'polymorphic_on': type,
        'polymorphic_identity': 'network'
    }

    #: How big the network can get, this number is used by the full()
    #: method to decide whether the network is full
    max_size = Column(Integer, nullable=False, default=1e6)

    #: Whether the network is currently full
    full = Column(Boolean, nullable=False, default=False, index=True)

    #: The role of the network. By default dallinger initializes all
    #: networks as either "practice" or "experiment"
    role = Column(String(26), nullable=False, default="default", index=True)

[docs]    def __repr__(self):
        """The string representation of a network."""
        return ("<Network-{}-{} with {} nodes, {} vectors, {} infos, "
                "{} transmissions and {} transformations>").format(
            self.id,
            self.type,
            len(self.nodes()),
            len(self.vectors()),
            len(self.infos()),
            len(self.transmissions()),
            len(self.transformations()))


[docs]    def __json__(self):
        """Return json description of a participant."""
        return {
            "id": self.id,
            "type": self.type,
            "max_size": self.max_size,
            "full": self.full,
            "role": self.role,
            "creation_time": self.creation_time,
            "failed": self.failed,
            "time_of_death": self.time_of_death,
            "property1": self.property1,
            "property2": self.property2,
            "property3": self.property3,
            "property4": self.property4,
            "property5": self.property5
        }


    """ ###################################
    Methods that get things about a Network
    ################################### """

[docs]    def nodes(self, type=None, failed=False, participant_id=None):
        """Get nodes in the network.

        type specifies the type of Node. Failed can be "all", False
        (default) or True. If a participant_id is passed only
        nodes with that participant_id will be returned.
        """
        if type is None:
            type = Node

        if not issubclass(type, Node):
            raise(TypeError("{} is not a valid node type.".format(type)))

        if failed not in ["all", False, True]:
            raise ValueError("{} is not a valid node failed".format(failed))

        if participant_id is not None:
            if failed == "all":
                return type\
                    .query\
                    .filter_by(network_id=self.id,
                               participant_id=participant_id)\
                    .all()
            else:
                return type\
                    .query\
                    .filter_by(network_id=self.id,
                               participant_id=participant_id,
                               failed=failed)\
                    .all()
        else:
            if failed == "all":
                return type\
                    .query\
                    .filter_by(network_id=self.id)\
                    .all()
            else:
                return type\
                    .query\
                    .filter_by(failed=failed, network_id=self.id)\
                    .all()


[docs]    def size(self, type=None, failed=False):
        """How many nodes in a network.

        type specifies the class of node, failed
        can be True/False/all.
        """
        return len(self.nodes(type=type, failed=failed))


[docs]    def infos(self, type=None, failed=False):
        """
        Get infos in the network.

        type specifies the type of info (defaults to Info). failed { False,
        True, "all" } specifies the failed state of the infos. To get infos
        from a specific node, see the infos() method in class
        :class:`~dallinger.models.Node`.

        """
        if type is None:
            type = Info
        if failed not in ["all", False, True]:
            raise ValueError("{} is not a valid failed".format(failed))

        if failed == "all":
            return type.query\
                .filter_by(network_id=self.id)\
                .all()
        else:
            return type.query.filter_by(
                network_id=self.id, failed=failed).all()


[docs]    def transmissions(self, status="all", failed=False):
        """Get transmissions in the network.

        status { "all", "received", "pending" }
        failed { False, True, "all" }
        To get transmissions from a specific vector, see the
        transmissions() method in class Vector.
        """
        if status not in ["all", "pending", "received"]:
            raise(ValueError("You cannot get transmission of status {}."
                  .format(status) +
                  "Status can only be pending, received or all"))
        if failed not in ["all", False, True]:
            raise ValueError("{} is not a valid failed".format(failed))

        if status == "all":
            if failed == "all":
                return Transmission.query\
                    .filter_by(network_id=self.id)\
                    .all()
            else:
                return Transmission.query\
                    .filter_by(network_id=self.id, failed=failed)\
                    .all()
        else:
            if failed == "all":
                return Transmission.query\
                    .filter_by(network_id=self.id, status=status)\
                    .all()
            else:
                return Transmission.query\
                    .filter_by(
                        network_id=self.id, status=status, failed=failed)\
                    .all()


[docs]    def transformations(self, type=None, failed=False):
        """Get transformations in the network.

        type specifies the type of transformation (default = Transformation).
        failed = { False, True, "all" }

        To get transformations from a specific node,
        see Node.transformations().
        """
        if type is None:
            type = Transformation

        if failed not in ["all", True, False]:
            raise ValueError("{} is not a valid failed".format(failed))

        if failed == "all":
            return type.query\
                .filter_by(network_id=self.id)\
                .all()
        else:
            return type.query\
                .filter_by(network_id=self.id, failed=failed)\
                .all()


[docs]    def latest_transmission_recipient(self):
        """Get the node that most recently received a transmission."""
        from operator import attrgetter

        ts = Transmission.query\
            .filter_by(status="received", network_id=self.id, failed=False)\
            .all()

        if ts:
            t = max(ts, key=attrgetter('receive_time'))
            return t.destination
        else:
            return None


[docs]    def vectors(self, failed=False):
        """
        Get vectors in the network.

        failed = { False, True, "all" }
        To get the vectors to/from to a specific node, see Node.vectors().
        """
        if failed not in ["all", False, True]:
            raise ValueError("{} is not a valid vector failed".format(failed))

        if failed == "all":
            return Vector.query\
                .filter_by(network_id=self.id)\
                .all()
        else:
            return Vector.query\
                .filter_by(network_id=self.id, failed=failed)\
                .all()


    """ ###################################
    Methods that make Networks do things
    ################################### """

    def add_node(self, node):
        """Add the node to the network."""
        raise NotImplementedError

[docs]    def fail(self):
        """Fail an entire network."""
        if self.failed is True:
            raise AttributeError(
                "Cannot fail {} - it has already failed.".format(self))
        else:
            self.failed = True
            self.time_of_death = timenow()

            for n in self.nodes():
                n.fail()


[docs]    def calculate_full(self):
        """Set whether the network is full."""
        self.full = len(self.nodes()) >= self.max_size


[docs]    def print_verbose(self):
        """Print a verbose representation of a network."""
        print "Nodes: "
        for a in (self.nodes(failed="all")):
            print a

        print "\nVectors: "
        for v in (self.vectors(failed="all")):
            print v

        print "\nInfos: "
        for i in (self.infos(failed="all")):
            print i

        print "\nTransmissions: "
        for t in (self.transmissions(failed="all")):
            print t

        print "\nTransformations: "
        for t in (self.transformations(failed="all")):
            print t




[docs]class Node(Base, SharedMixin):
    """A point in a network."""

    __tablename__ = "node"

    #: A String giving the name of the class. Defaults to
    #: ``node``. This allows subclassing.
    type = Column(String(50))
    __mapper_args__ = {
        'polymorphic_on': type,
        'polymorphic_identity': 'node'
    }

    #: the id of the network that this node is a part of
    network_id = Column(Integer, ForeignKey('network.id'), index=True)

    #: the network the node is in
    network = relationship(Network, backref="all_nodes")

    #: the id of the participant whose node this is
    participant_id = Column(Integer, ForeignKey('participant.id'), index=True)

    #: the participant the node is associated with
    participant = relationship(Participant, backref='all_nodes')

    def __init__(self, network, participant=None):
        """Create a node."""
        # check the network hasn't failed
        if network.failed:
            raise ValueError("Cannot create node in {} as it has failed"
                             .format(network))
        # check the participant hasn't failed
        if participant is not None and participant.failed:
            raise ValueError("{} cannot create a node as it has failed"
                             .format(participant))
        # check the participant is working
        if participant is not None and participant.status != "working":
            raise ValueError("{} cannot create a node as they are not working"
                             .format(participant))

        self.network = network
        self.network_id = network.id
        network.calculate_full()

        if participant is not None:
            self.participant = participant
            self.participant_id = participant.id

[docs]    def __repr__(self):
        """The string representation of a node."""
        return "Node-{}-{}".format(self.id, self.type)


[docs]    def __json__(self):
        """The json of a node."""
        return {
            "id": self.id,
            "type": self.type,
            "network_id": self.network_id,
            "creation_time": self.creation_time,
            "time_of_death": self.time_of_death,
            "failed": self.failed,
            "participant_id": self.participant_id,
            "property1": self.property1,
            "property2": self.property2,
            "property3": self.property3,
            "property4": self.property4,
            "property5": self.property5
        }


    """ ###################################
    Methods that get things about a node
    ################################### """

[docs]    def vectors(self, direction="all", failed=False):
        """Get vectors that connect at this node.

        Direction can be "incoming", "outgoing" or "all" (default).
        Failed can be True, False or all
        """
        # check direction
        if direction not in ["all", "incoming", "outgoing"]:
            raise ValueError(
                "{} is not a valid vector direction. "
                "Must be all, incoming or outgoing.".format(direction))

        if failed not in ["all", False, True]:
            raise ValueError("{} is not a valid vector failed".format(failed))

        # get the vectors
        if failed == "all":
            if direction == "all":
                return Vector.query\
                    .filter(or_(Vector.destination_id == self.id,
                                Vector.origin_id == self.id))\
                    .all()

            if direction == "incoming":
                return Vector.query\
                    .filter_by(destination_id=self.id)\
                    .all()

            if direction == "outgoing":
                return Vector.query\
                    .filter_by(origin_id=self.id)\
                    .all()
        else:
            if direction == "all":
                return Vector.query\
                    .filter(and_(Vector.failed == failed,
                            or_(Vector.destination_id == self.id,
                                Vector.origin_id == self.id)))\
                    .all()

            if direction == "incoming":
                return Vector.query\
                    .filter_by(destination_id=self.id, failed=failed)\
                    .all()

            if direction == "outgoing":
                return Vector.query\
                    .filter_by(origin_id=self.id, failed=failed)\
                    .all()


[docs]    def neighbors(self, type=None, direction="to", failed=None):
        """Get a node's neighbors - nodes that are directly connected to it.

        Type specifies the class of neighbour and must be a subclass of
        Node (default is Node).
        Connection is the direction of the connections and can be "to"
        (default), "from", "either", or "both".
        """
        # get type
        if type is None:
            type = Node
        if not issubclass(type, Node):
            raise ValueError("{} is not a valid neighbor type,"
                             "needs to be a subclass of Node.".format(type))

        # get direction
        if direction not in ["both", "either", "from", "to"]:
            raise ValueError("{} not a valid neighbor connection."
                             "Should be both, either, to or from."
                             .format(direction))

        if failed is not None:
            raise ValueError(
                "You should not pass a failed argument to neighbors(). "
                "Neighbors is "
                "unusual in that a failed argument cannot be passed. This is "
                "because there is inherent uncertainty in what it means for a "
                "neighbor to be failed. The neighbors function will only ever "
                "return not-failed nodes connected to you via not-failed "
                "vectors. If you want to do more elaborate queries, for "
                "example, getting not-failed nodes connected to you via failed"
                " vectors, you should do so via sql queries.")

        neighbors = []
        # get the neighbours
        if direction == "to":
            outgoing_vectors = Vector.query\
                .with_entities(Vector.destination_id)\
                .filter_by(origin_id=self.id, failed=False).all()

            neighbor_ids = [v.destination_id for v in outgoing_vectors]
            if neighbor_ids:
                neighbors = Node.query.filter(Node.id.in_(neighbor_ids)).all()
                neighbors = [n for n in neighbors if isinstance(n, type)]

        if direction == "from":
            incoming_vectors = Vector.query.with_entities(Vector.origin_id)\
                .filter_by(destination_id=self.id, failed=False).all()

            neighbor_ids = [v.origin_id for v in incoming_vectors]
            if neighbor_ids:
                neighbors = Node.query.filter(Node.id.in_(neighbor_ids)).all()
                neighbors = [n for n in neighbors if isinstance(n, type)]

        if direction == "either":
            neighbors = list(set(self.neighbors(type=type, direction="to") +
                                 self.neighbors(type=type, direction="from")))

        if direction == "both":
            neighbors = list(set(self.neighbors(type=type, direction="to")) &
                             set(self.neighbors(type=type, direction="from")))

        return neighbors


[docs]    def is_connected(self, whom, direction="to", failed=None):
        """Check whether this node is connected [to/from] whom.

        whom can be a list of nodes or a single node.
        direction can be "to" (default), "from", "both" or "either".

        If whom is a single node this method returns a boolean,
        otherwise it returns a list of booleans
        """
        if failed is not None:
            raise ValueError(
                "You should not pass a failed argument to is_connected."
                "is_connected is "
                "unusual in that a failed argument cannot be passed. This is "
                "because there is inherent uncertainty in what it means for a "
                "connection to be failed. The is_connected function will only "
                "ever check along not-failed vectors. "
                "If you want to check along failed vectors "
                "you should do so via sql queries.")

        # make whom a list
        if isinstance(whom, list):
            is_list = True
        else:
            whom = [whom]
            is_list = False

        whom_ids = [n.id for n in whom]

        # check whom contains only Nodes
        for node in whom:
            if not isinstance(node, Node):
                raise TypeError("is_connected cannot parse objects of type {}."
                                .format(type(node)))

        # check direction
        if direction not in ["to", "from", "either", "both"]:
            raise ValueError("{} is not a valid direction for is_connected"
                             .format(direction))

        # get is_connected
        connected = []
        if direction == "to":
            vectors = Vector.query.with_entities(Vector.destination_id)\
                .filter_by(origin_id=self.id, failed=False).all()
            destinations = set([v.destination_id for v in vectors])
            for w in whom_ids:
                connected.append(w in destinations)

        elif direction == "from":
            vectors = Vector.query.with_entities(Vector.origin_id)\
                .filter_by(destination_id=self.id, failed=False).all()
            origins = set([v.origin_id for v in vectors])
            for w in whom_ids:
                connected.append(w in origins)

        elif direction in ["either", "both"]:

            vectors = Vector.query\
                .with_entities(Vector.origin_id, Vector.destination_id)\
                .filter(and_(Vector.failed == False,
                             or_(Vector.destination_id == self.id,
                                 Vector.origin_id == self.id))).all()

            destinations = set([v.destination_id for v in vectors])
            origins = set([v.origin_id for v in vectors])

            if direction == "either":
                origins_destinations = destinations.union(origins)

            elif direction == "both":
                origins_destinations = destinations.intersection(origins)

            for w in whom_ids:
                connected.append(w in origins_destinations)

        if is_list:
            return connected
        else:
            return connected[0]


[docs]    def infos(self, type=None, failed=False):
        """Get infos that originate from this node.

        Type must be a subclass of :class:`~dallinger.models.Info`, the default is
        ``Info``. Failed can be True, False or "all".

        """
        if type is None:
            type = Info

        if not issubclass(type, Info):
            raise(TypeError("Cannot get infos of type {} as "
                            "it is not a valid type."
                            .format(type)))

        if failed not in ["all", False, True]:
            raise ValueError("{} is not a valid vector failed".format(failed))

        if failed == "all":
            return type\
                .query\
                .filter_by(origin_id=self.id)\
                .all()
        else:
            return type\
                .query\
                .filter_by(origin_id=self.id, failed=failed)\
                .all()


[docs]    def received_infos(self, type=None, failed=None):
        """Get infos that have been sent to this node.

        Type must be a subclass of info, the default is Info.
        """
        if failed is not None:
            raise ValueError(
                "You should not pass a failed argument to received_infos. "
                "received_infos is "
                "unusual in that a failed argument cannot be passed. This is "
                "because there is inherent uncertainty in what it means for a "
                "received info to be failed. The received_infos function will "
                "only ever check not-failed transmissions. "
                "If you want to check failed transmissions "
                "you should do so via sql queries.")

        if type is None:
            type = Info

        if not issubclass(type, Info):
            raise(TypeError("Cannot get infos of type {} "
                            "as it is not a valid type."
                            .format(type)))

        transmissions = Transmission\
            .query.with_entities(Transmission.info_id)\
            .filter_by(destination_id=self.id,
                       status="received",
                       failed=False).all()

        info_ids = [t.info_id for t in transmissions]
        if info_ids:
            return type.query.filter(type.id.in_(info_ids)).all()
        else:
            return []


[docs]    def transmissions(self, direction="outgoing", status="all", failed=False):
        """Get transmissions sent to or from this node.

        Direction can be "all", "incoming" or "outgoing" (default).
        Status can be "all" (default), "pending", or "received".
        failed can be True, False or "all"
        """
        # check parameters
        if direction not in ["incoming", "outgoing", "all"]:
            raise(ValueError("You cannot get transmissions of direction {}."
                             .format(direction) +
                  "Type can only be incoming, outgoing or all."))

        if status not in ["all", "pending", "received"]:
            raise(ValueError("You cannot get transmission of status {}."
                             .format(status) +
                  "Status can only be pending, received or all"))

        if failed not in ["all", False, True]:
            raise ValueError("{} is not a valid transmission failed"
                             .format(failed))

        # get transmissions
        if direction == "all":
            if status == "all":
                return Transmission.query\
                    .filter(and_(Transmission.failed == False,
                                 or_(Transmission.destination_id == self.id,
                                     Transmission.origin_id == self.id)))\
                    .all()
            else:
                return Transmission.query\
                    .filter(and_(Transmission.failed == False,
                                 Transmission.status == status,
                                 or_(Transmission.destination_id == self.id,
                                     Transmission.origin_id == self.id)))\
                    .all()
        if direction == "incoming":
            if status == "all":
                return Transmission.query\
                    .filter_by(failed=False, destination_id=self.id)\
                    .all()
            else:
                return Transmission.query\
                    .filter(and_(Transmission.failed == False,
                                 Transmission.destination_id == self.id,
                                 Transmission.status == status))\
                    .all()
        if direction == "outgoing":
            if status == "all":
                return Transmission.query\
                    .filter_by(failed=False, origin_id=self.id)\
                    .all()
            else:
                return Transmission.query\
                    .filter(and_(Transmission.failed == False,
                                 Transmission.origin_id == self.id,
                                 Transmission.status == status))\
                    .all()


[docs]    def transformations(self, type=None, failed=False):
        """
        Get Transformations done by this Node.

        type must be a type of Transformation (defaults to Transformation)
        Failed can be True, False or "all"
        """
        if failed not in ["all", False, True]:
            raise ValueError("{} is not a valid transmission failed"
                             .format(failed))

        if type is None:
            type = Transformation

        if failed == "all":
            return type\
                .query\
                .filter_by(node_id=self.id)\
                .all()
        else:
            return type\
                .query\
                .filter_by(node_id=self.id, failed=failed)\
                .all()


    """ ###################################
    Methods that make nodes do things
    ################################### """

[docs]    def fail(self):
        """
        Fail a node, setting its status to "failed".

        Also fails all vectors that connect to or from the node.
        You cannot fail a node that has already failed, but you
        can fail a dead node.

        Set node.failed to True and :attr:`~dallinger.models.Node.time_of_death`
        to now. Instruct all not-failed vectors connected to this node, infos
        made by this node, transmissions to or from this node and
        transformations made by this node to fail.

        """
        if self.failed is True:
            raise AttributeError(
                "Cannot fail {} - it has already failed.".format(self))
        else:
            self.failed = True
            self.time_of_death = timenow()
            self.network.calculate_full()

            for v in self.vectors():
                v.fail()
            for i in self.infos():
                i.fail()
            for t in self.transmissions(direction="all"):
                t.fail()
            for t in self.transformations():
                t.fail()


[docs]    def connect(self, whom, direction="to"):
        """Create a vector from self to/from whom.

        Return a list of newly created vector between the node and whom.
        ``whom`` can be a specific node or a (nested) list of nodes. Nodes can
        only connect with nodes in the same network. In addition nodes cannot
        connect with themselves or with Sources. ``direction`` specifies the
        direction of the connection it can be "to" (node -> whom), "from" (whom
        -> node) or both (node <-> whom). The default is "to".

        Whom may be a (nested) list of nodes.

        Will raise an error if:
            1. whom is not a node or list of nodes
            2. whom is/contains a source if direction is to or both
            3. whom is/contains self
            4. whom is/contains a node in a different network

        If self is already connected to/from whom a Warning
        is raised and nothing happens.

        This method returns a list of the vectors created
        (even if there is only one).

        """
        # check direction
        if direction not in ["to", "from", "both"]:
            raise ValueError("{} is not a valid direction for connect()"
                             .format(direction))

        # make whom a list
        whom = self.flatten([whom])

        # make the connections
        new_vectors = []
        if direction in ["to", "both"]:
            already_connected_to = self.flatten(
                [self.is_connected(direction="to", whom=whom)])
            for node, connected in zip(whom, already_connected_to):
                if connected:
                    print("Warning! {} already connected to {}, "
                          "instruction to connect will be ignored."
                          .format(self, node))
                else:
                    new_vectors.append(Vector(origin=self, destination=node))
        if direction in ["from", "both"]:
            already_connected_from = self.flatten(
                [self.is_connected(direction="from", whom=whom)])
            for node, connected in zip(whom, already_connected_from):
                if connected:
                    print("Warning! {} already connected from {}, "
                          "instruction to connect will be ignored."
                          .format(self, node))
                else:
                    new_vectors.append(Vector(origin=node, destination=self))
        return new_vectors


    def flatten(self, l):
        """Turn a list of lists into a list."""
        if l == []:
            return l
        if isinstance(l[0], list):
            return self.flatten(l[0]) + self.flatten(l[1:])
        return l[:1] + self.flatten(l[1:])

[docs]    def transmit(self, what=None, to_whom=None):
        """Transmit one or more infos from one node to another.

        "what" dictates which infos are sent, it can be:
            (1) None (in which case the node's _what method is called).
            (2) an Info (in which case the node transmits the info)
            (3) a subclass of Info (in which case the node transmits all
                its infos of that type)
            (4) a list of any combination of the above
        "to_whom" dictates which node(s) the infos are sent to, it can be:
            (1) None (in which case the node's _to_whom method is called)
            (2) a Node (in which case the node transmits to that node)
            (3) a subclass of Node (in which case the node transmits to all
                nodes of that type it is connected to)
            (4) a list of any combination of the above
        Will additionally raise an error if:
            (1) _what() or _to_whom() returns None or a list containing None.
            (2) what is/contains an info that does not originate from the
                transmitting node
            (3) to_whom is/contains a node that the transmitting node does not
                have a not-failed connection with.
        """
        # make the list of what
        what = self.flatten([what])
        for i in range(len(what)):
            if what[i] is None:
                what[i] = self._what()
            elif inspect.isclass(what[i]) and issubclass(what[i], Info):
                what[i] = self.infos(type=what[i])
        what = self.flatten(what)
        for i in range(len(what)):
            if inspect.isclass(what[i]) and issubclass(what[i], Info):
                what[i] = self.infos(type=what[i])
        what = list(set(self.flatten(what)))

        # make the list of to_whom
        to_whom = self.flatten([to_whom])
        for i in range(len(to_whom)):
            if to_whom[i] is None:
                to_whom[i] = self._to_whom()
            elif inspect.isclass(to_whom[i]) and issubclass(to_whom[i], Node):
                to_whom[i] = self.neighbors(direction="to", type=to_whom[i])
        to_whom = self.flatten(to_whom)
        for i in range(len(to_whom)):
            if inspect.isclass(to_whom[i]) and issubclass(to_whom[i], Node):
                to_whom[i] = self.neighbors(direction="to", type=to_whom[i])
        to_whom = list(set(self.flatten(to_whom)))

        transmissions = []
        vectors = self.vectors(direction="outgoing")
        for w in what:
            for tw in to_whom:
                try:
                    vector = [v for v in vectors
                              if v.destination_id == tw.id][0]
                except:
                    raise ValueError(
                        "{} cannot transmit to {} as it does not have "
                        "a connection to them".format(self, tw))
                t = Transmission(info=w, vector=vector)
                transmissions.append(t)
        if len(transmissions) == 1:
            return transmissions[0]
        else:
            return transmissions


[docs]    def _what(self):
        """What to transmit if what is not specified.

        Return the default value of ``what`` for
        :func:`~dallinger.models.Node.transmit`. Should not return None or a list
        containing None.

        """
        return Info


[docs]    def _to_whom(self):
        """To whom to transmit if to_whom is not specified.

        Return the default value of ``to_whom`` for
        :func:`~dallinger.models.Node.transmit`. Should not return None or a list
        containing None.

        """
        return Node


[docs]    def receive(self, what=None):
        """Receive some transmissions.

        Received transmissions are marked as received, then their infos are
        passed to update().

        "what" can be:

            1. None (the default) in which case all pending transmissions are
               received.
            2. a specific transmission.

        Will raise an error if the node is told to receive a transmission it has
        not been sent.

        """
        # check self is not failed
        if self.failed:
            raise ValueError("{} cannot receive as it has failed."
                             .format(self))

        received_transmissions = []
        if what is None:
            pending_transmissions = self.transmissions(direction="incoming",
                                                       status="pending")
            for transmission in pending_transmissions:
                transmission.status = "received"
                transmission.receive_time = timenow()
                received_transmissions.append(transmission)

        elif isinstance(what, Transmission):
            if what in self.transmissions(direction="incoming",
                                          status="pending"):
                transmission.status = "received"
                what.receive_time = timenow()
                received_transmissions.append(what)
            else:
                raise(ValueError("{} cannot receive {} as it is not "
                                 "in its pending_transmissions"
                                 .format(self, what)))
        else:
            raise ValueError("Nodes cannot receive {}".format(what))

        self.update([t.info for t in received_transmissions])


[docs]    def update(self, infos):
        """Process received infos.

        Update controls the default behavior of a node when it receives infos.
        By default it does nothing.
        """
        # check self is not failed
        if self.failed:
            raise ValueError("{} cannot update as it has failed.".format(self))


[docs]    def replicate(self, info_in):
        """Replicate an info."""
        # check self is not failed
        if self.failed:
            raise ValueError("{} cannot replicate as it has failed."
                             .format(self))

        from transformations import Replication
        info_out = type(info_in)(origin=self, contents=info_in.contents)
        Replication(info_in=info_in, info_out=info_out)


[docs]    def mutate(self, info_in):
        """Replicate an info + mutation.

        To mutate an info, that info must have a method called
        ``_mutated_contents``.

        """
        # check self is not failed
        if self.failed:
            raise ValueError("{} cannot mutate as it has failed.".format(self))

        from transformations import Mutation
        info_out = type(info_in)(origin=self,
                                 contents=info_in._mutated_contents())
        Mutation(info_in=info_in, info_out=info_out)




[docs]class Vector(Base, SharedMixin):
    """A directed path that links two Nodes.

    Nodes can only send each other information if they are linked by a Vector.
    """

    __tablename__ = "vector"

    #: the id of the Node at which the vector originates
    origin_id = Column(Integer, ForeignKey('node.id'), index=True)

    #: the Node at which the vector originates.
    origin = relationship(Node, foreign_keys=[origin_id],
                          backref="all_outgoing_vectors")

    #: the id of the Node at which the vector terminates.
    destination_id = Column(Integer, ForeignKey('node.id'), index=True)

    #: the Node at which the vector terminates.
    destination = relationship(Node, foreign_keys=[destination_id],
                               backref="all_incoming_vectors")

    #: the id of the network the vector is in.
    network_id = Column(Integer, ForeignKey('network.id'), index=True)

    #: the network the vector is in.
    network = relationship(Network, backref="all_vectors")

    def __init__(self, origin, destination):
        """Create a vector."""
        # check origin and destination are in the same network
        if origin.network_id != destination.network_id:
            raise ValueError("{}, in network {}, cannot connect with {} "
                             "as it is in network {}"
                             .format(origin, origin.network_id,
                                     destination, destination.network_id))

        # check neither the origin or destination have failed
        if origin.failed:
            raise ValueError("{} cannot connect to {} as {} has failed"
                             .format(origin, destination, origin))
        if destination.failed:
            raise ValueError("{} cannot connect to {} as {} has failed"
                             .format(origin, destination, destination))

        # check the destination isnt a source
        from dallinger.nodes import Source
        if isinstance(destination, Source):
            raise(TypeError("Cannot connect to {} as it is a Source."
                            .format(destination)))

        # check origin and destination are different nodes
        if origin == destination:
            raise ValueError("{} cannot connect to itself.".format(origin))

        self.origin = origin
        self.origin_id = origin.id
        self.destination = destination
        self.destination_id = destination.id
        self.network = origin.network
        self.network_id = origin.network_id

[docs]    def __repr__(self):
        """The string representation of a vector."""
        return "Vector-{}-{}".format(
            self.origin_id, self.destination_id)


[docs]    def __json__(self):
        """The json representation of a vector."""
        return {
            "id": self.id,
            "origin_id": self.origin_id,
            "destination_id": self.destination_id,
            "info_id": self.info_id,
            "network_id": self.network_id,
            "creation_time": self.creation_time,
            "failed": self.failed,
            "time_of_death": self.time_of_death,
            "property1": self.property1,
            "property2": self.property2,
            "property3": self.property3,
            "property4": self.property4,
            "property5": self.property5
        }


    """#######################################
    # Methods that get things about a Vector #
    #######################################"""

[docs]    def transmissions(self, status="all"):
        """Get transmissions sent along this Vector.

        Status can be "all" (the default), "pending", or "received".
        """
        if status not in ["all", "pending", "received"]:
            raise(ValueError("You cannot get {} transmissions."
                             .format(status) +
                             "Status can only be pending, received or all"))

        if status == "all":
            return Transmission\
                .query\
                .filter_by(vector_id=self.id,
                           failed=False)\
                .all()
        else:
            return Transmission\
                .query\
                .filter_by(vector_id=self.id,
                           status=status,
                           failed=False)\
                .all()


    """####################################
    # Methods that make Vectors do things #
    ####################################"""

[docs]    def fail(self):
        """Fail a vector."""
        if self.failed is True:
            raise AttributeError(
                "Cannot fail {} - it has already failed.".format(self))
        else:
            self.failed = True
            self.time_of_death = timenow()

            for t in self.transmissions():
                t.fail()




[docs]class Info(Base, SharedMixin):
    """A unit of information."""

    __tablename__ = "info"

    #: a String giving the name of the class. Defaults to "info".
    #: This allows subclassing.
    type = Column(String(50))
    __mapper_args__ = {
        'polymorphic_on': type,
        'polymorphic_identity': 'info'
    }

    #: the id of the Node that created the info
    origin_id = Column(Integer, ForeignKey('node.id'), index=True)

    #: the Node that created the info.
    origin = relationship(Node, backref='all_infos')

    #: the id of the network the info is in
    network_id = Column(Integer, ForeignKey('network.id'), index=True)

    #: the network the info is in
    network = relationship(Network, backref="all_infos")

    #: the contents of the info. Must be stored as a String.
    contents = Column(Text(), default=None)

    def __init__(self, origin, contents=None):
        """Create an info."""
        # check the origin hasn't failed
        if origin.failed:
            raise ValueError("{} cannot create an info as it has failed"
                             .format(origin))

        self.origin = origin
        self.origin_id = origin.id
        self.contents = contents
        self.network_id = origin.network_id
        self.network = origin.network

    @validates("contents")
    def _write_once(self, key, value):
        existing = getattr(self, key)
        if existing is not None:
            raise ValueError("The contents of an info is write-once.")
        return value

[docs]    def __repr__(self):
        """The string representation of an info."""
        return "Info-{}-{}".format(self.id, self.type)


[docs]    def __json__(self):
        """The json representation of an info."""
        return {
            "id": self.id,
            "type": self.type,
            "origin_id": self.origin_id,
            "network_id": self.network_id,
            "creation_time": self.creation_time,
            "failed": self.failed,
            "time_of_death": self.time_of_death,
            "contents": self.contents,
            "property1": self.property1,
            "property2": self.property2,
            "property3": self.property3,
            "property4": self.property4,
            "property5": self.property5
        }


[docs]    def fail(self):
        """Fail an info.

        Set info.failed to True and :attr:`~dallinger.models.Info.time_of_death`
        to now. Instruct all transmissions and transformations involving this
        info to fail.
        """
        if self.failed is True:
            raise AttributeError(
                "Cannot fail {} - it has already failed.".format(self))
        else:
            self.failed = True
            self.time_of_death = timenow()

            for t in self.transmissions():
                t.fail()
            for t in self.transformations():
                t.fail()


[docs]    def transmissions(self, status="all"):
        """Get all the transmissions of this info.

        status can be all/pending/received.
        """
        if status not in ["all", "pending", "received"]:
            raise(ValueError("You cannot get transmission of status {}."
                             .format(status) +
                             "Status can only be pending, received or all"))
        if status == "all":
            return Transmission\
                .query\
                .filter_by(info_id=self.id,
                           failed=False)\
                .all()
        else:
            return Transmission\
                .query\
                .filterby(info_id=self.id,
                          status=status,
                          failed=False)\
                .all()


[docs]    def transformations(self, relationship="all"):
        """Get all the transformations of this info.

        Return a list of transformations involving this info. ``relationship``
        can be "parent" (in which case only transformations where the info is
        the ``info_in`` are returned), "child" (in which case only
        transformations where the info is the ``info_out`` are returned) or
        ``all`` (in which case any transformations where the info is the
        ``info_out`` or the ``info_in`` are returned). The default is ``all``

        """
        if relationship not in ["all", "parent", "child"]:
            raise(ValueError(
                "You cannot get transformations of relationship {}"
                .format(relationship) +
                "Relationship can only be parent, child or all."))

        if relationship == "all":
            return Transformation\
                .query\
                .filter(and_(Transformation.failed == False,
                             or_(Transformation.info_in == self,
                                 Transformation.info_out == self)))\
                .all()

        if relationship == "parent":
            return Transformation\
                .query\
                .filter_by(info_in_id=self.id,
                           failed=False)\
                .all()

        if relationship == "child":
            return Transformation\
                .query\
                .filter_by(info_out_id=self.id,
                           failed=False)\
                .all()


[docs]    def _mutated_contents(self):
        """The mutated contents of an info.

        When an info is asked to mutate, this method will be executed
        in order to determine the contents of the new info created.

        The base class function raises an error and so must be overwritten
        to be used.
        """
        raise NotImplementedError(
            "_mutated_contents needs to be overwritten in class {}"
            .format(type(self)))




[docs]class Transmission(Base, SharedMixin):
    """An instance of an Info being sent along a Vector."""

    __tablename__ = "transmission"

    #: the id of the vector the info was sent along
    vector_id = Column(Integer, ForeignKey('vector.id'), index=True)

    #: the vector the info was sent along.
    vector = relationship(Vector, backref='all_transmissions')

    #: the id of the info that was transmitted
    info_id = Column(Integer, ForeignKey('info.id'), index=True)

    #: the info that was transmitted.
    info = relationship(Info, backref='all_transmissions')

    #: the id of the Node that sent the transmission
    origin_id = Column(Integer, ForeignKey('node.id'), index=True)

    #: the Node that sent the transmission.
    origin = relationship(Node, foreign_keys=[origin_id],
                          backref="all_outgoing_transmissions")

    #: the id of the Node that the transmission was sent to
    destination_id = Column(Integer, ForeignKey('node.id'), index=True)

    #: the Node that the transmission was sent to.
    destination = relationship(Node, foreign_keys=[destination_id],
                               backref="all_incoming_transmissions")

    #: the id of the network the transmission is in
    network_id = Column(Integer, ForeignKey('network.id'), index=True)

    #: the network the transmission is in.
    network = relationship(Network, backref="networks_transmissions")

    #: the time at which the transmission was received
    receive_time = Column(DateTime, default=None)

    #: the status of the transmission, can be "pending", which means the
    #: transmission has been sent, but not received; or "received", which means
    #: the transmission has been sent and received
    status = Column(Enum("pending", "received", name="transmission_status"),
                    nullable=False, default="pending", index=True)

    def __init__(self, vector, info):
        """Create a transmission."""
        # check vector is not failed
        if vector.failed:
            raise ValueError("Cannot transmit along {} as it has failed."
                             .format(vector))

        # check info is not failed
        if info.failed:
            raise ValueError("Cannot transmit {} as it has failed."
                             .format(info))

        # check the origin of the vector is the same as the origin of the info
        if info.origin_id != vector.origin_id:
            raise ValueError("Cannot transmit {} along {} as they do not "
                             "have the same origin".format(info, vector))

        self.vector_id = vector.id
        self.vector = vector
        self.info_id = info
        self.info = info
        self.origin_id = vector.origin_id
        self.origin = vector.origin
        self.destination_id = vector.destination_id
        self.destination = vector.destination
        self.network_id = vector.network_id
        self.network = vector.network

[docs]    def mark_received(self):
        """Mark a transmission as having been received."""
        self.receive_time = timenow()
        self.status = "received"


[docs]    def __repr__(self):
        """The string representation of a transmission."""
        return "Transmission-{}".format(self.id)


[docs]    def __json__(self):
        """The json representation of a transmissions."""
        return {
            "id": self.id,
            "vector_id": self.vector_id,
            "origin_id": self.origin_id,
            "destination_id": self.destination_id,
            "info_id": self.info_id,
            "network_id": self.network_id,
            "creation_time": self.creation_time,
            "receive_time": self.receive_time,
            "failed": self.failed,
            "time_of_death": self.time_of_death,
            "status": self.status,
            "property1": self.property1,
            "property2": self.property2,
            "property3": self.property3,
            "property4": self.property4,
            "property5": self.property5
        }


[docs]    def fail(self):
        """Fail a transmission."""
        if self.failed is True:
            raise AttributeError("Cannot fail {} - it has already failed."
                                 .format(self))
        else:
            self.failed = True
            self.time_of_death = timenow()




[docs]class Transformation(Base, SharedMixin):
    """An instance of one info being transformed into another."""

    __tablename__ = "transformation"

    #: a String giving the name of the class. Defaults to
    #: "transformation". This allows subclassing.
    type = Column(String(50))
    __mapper_args__ = {
        'polymorphic_on': type,
        'polymorphic_identity': 'transformation'
    }

    #: the id of the info that was transformed.
    info_in_id = Column(Integer, ForeignKey('info.id'), index=True)

    #: the info that was transformed.
    info_in = relationship(Info, foreign_keys=[info_in_id],
                           backref="transformation_applied_to")

    #: the id of the info produced by the transformation.
    info_out_id = Column(Integer, ForeignKey('info.id'), index=True)

    #: the info produced by the transformation.
    info_out = relationship(Info, foreign_keys=[info_out_id],
                            backref="transformation_whence")

    #: the id of the Node that did the transformation.
    node_id = Column(Integer, ForeignKey('node.id'), index=True)

    #: the Node that did the transformation.
    node = relationship(Node, backref='transformations_here')

    #: the id of the network the transformation is in.
    network_id = Column(Integer, ForeignKey('network.id'), index=True)

    #: the network the transmission is in.
    network = relationship(Network, backref="networks_transformations")

[docs]    def __repr__(self):
        """The string representation of a transformation."""
        return "Transformation-{}".format(self.id)


    def __init__(self, info_in, info_out):
        """Create a transformation."""
        # check info_in is from the same node as info_out
        # or has been sent to the same node
        if (info_in.origin_id != info_out.origin_id and
            info_in.id not in [
                t.info_id for t in info_out.origin.transmissions(
                    direction="incoming", status="received")]):
            raise ValueError(
                "Cannot transform {} into {} as they are not at the same node."
                .format(info_in, info_out))

        # check info_in/out are not failed
        for i in [info_in, info_out]:
            if i.failed:
                raise ValueError("Cannot transform {} as it has failed"
                                 .format(i))

        self.info_in = info_in
        self.info_out = info_out
        self.node = info_out.origin
        self.network = info_out.network
        self.info_in_id = info_in.id
        self.info_out_id = info_out.id
        self.node_id = info_out.origin_id
        self.network_id = info_out.network_id

[docs]    def __json__(self):
        """The json representation of a transformation."""
        return {
            "id": self.id,
            "info_in_id": self.info_in_id,
            "info_out_id": self.info_out_id,
            "node_id": self.node_id,
            "network_id": self.network_id,
            "creation_time": self.creation_time,
            "failed": self.failed,
            "time_of_death": self.time_of_death,
            "property1": self.property1,
            "property2": self.property2,
            "property3": self.property3,
            "property4": self.property4,
            "property5": self.property5
        }


[docs]    def fail(self):
        """Fail a transformation."""
        if self.failed is True:
            raise AttributeError(
                "Cannot fail {} - it has already failed.".format(self))
        else:
            self.failed = True
            self.time_of_death = timenow()




class Notification(Base, SharedMixin):
    """A notification from AWS."""

    __tablename__ = "notification"

    # the assignment is from AWS the notification pertains to
    assignment_id = Column(String, nullable=False)

    # the type of notification
    event_type = Column(String, nullable=False)
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