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django-teledex

Simple storage of addresses, phone numbers and emails in Django [https://www.djangoproject.com/] Models [https://docs.djangoproject.com/en/stable/topics/db/models/].

django-teledex supports Python 2.7, 3.3, 3.4 and pypy for Django 1.7 and 1.8.


Contents
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License

This software is licensed under the MIT License. See the LICENSE [https://github.com/alexhayes/django-teledex/blob/master/LICENSE]
file in the top distribution directory for the full license text.




Author

Alex Hayes <alex@alution.com>







          

      

      

    


    
         Copyright 2015, Alex Hayes.
      Created using Sphinx 1.3.1.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	django-teledex 0.2.0 documentation 
 
      

    


    
      
          
            
  
Installation

You can install django-teledex either via the Python Package Index (PyPI)
or from github.

To install using pip;

$ pip install django-teledex





From github;

$ pip install git+https://github.com/alexhayes/django-teledex.git





Then place django_teledex in your INSTALLED_APPS;

INSTALLED_APPS = (
    ...
    'django_teledex',
    ...
)
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Usage

There are three models Address, PhoneNumber and Email which all present
essentially the same API.

For the examples below let’s assume you have the following model;

# models.py

from django.db import models
from django_teledex.fields import AddressRelation, PhoneNumberRelation, EmailRelation


class Company(models.Model):
    title = models.CharField(max_length=100)
    addresses = AddressRelation('companies')
    phonenumbers = PhoneNumberRelation('companies')
    emails = EmailRelation('companies')






Address

If you want to add an address you can then do the following;

from django_teledex.models import Address
from django_teledex.choices import AddressKind


company = Company.objects.create(title='Evelyn Hotel')

address = Address.objects.create(
    organisation=company.title,
    kind=AddressKind.physical,
    owner=company,
    address_line='351 Brunswick St',
    locality='Fitzroy',
    region='VIC',
    postcode='3065',
    country='AU',
)

company.addresses.all() # returns all addresses for company
company.addresses.active() # all active addresses

# Make an address inactive
address.deactivate()

company.addresses.inactive() # all inactive addresses
company.addresses.kind(AddressKind.physical) # get addresses by kind
company.addresses.filter(postcode=3065) # filter works as you'd expect...

# Make an address active
address.activate()





A complete list of QuerySet methods available on Address.objects is available
in django_teledex.models.AddressQuerySet.




PhoneNumber

The PhoneNumber model behaves in pretty much the same way, for example;

from django_teledex.models import PhoneNumber
from django_teledex.choices import PhoneNumberKind

company = Company.objects.create(title='Evelyn Hotel')

phonenumber = PhoneNumber.objects.create(
    kind=PhoneNumberKind.mobile,
    owner=company,
    number='+61 3 9419 5500'
)

company.phonenumbers.all() # returns all phone numbers for company
company.phonenumbers.active() # all active phone numbers

# Make an phone number inactive
phonenumber.deactivate()

company.phonenumbers.inactive() # all inactive addresses
company.phonenumbers.kind(PhoneNumberKind.mobile) # by kind
company.phonenumbers.filter(kind=PhoneNumberKind.mobile) # filter works as you'd expect...

# Make an phone number active
phonenumber.activate()





A complete list of QuerySet methods available on PhoneNumber.objects is available
in django_teledex.models.PhoneNumberQuerySet.


Validation

PhoneNumber is a PhoneNumberField which comes from
django-phonenumber-field [https://github.com/stefanfoulis/django-phonenumber-field]
which;


is a library which interfaces with python-phonenumbers to validate,
pretty print and convert phone numbers. python-phonenumbers is a
port of Google’s libphonenumber [https://code.google.com/p/libphonenumber/]
library, which powers Android’s phone number handling.


You’ll probably want to look into the above to get familiar with how they are
useful to your project.






Email

The Email model also behaves in pretty much the same way, for example;

from django_teledex.models import Email
from django_teledex.choices import EmailKind

company = Company.objects.create(title='Evelyn Hotel')

email = Email.objects.create(
    kind=EmailKind.work,
    owner=company,
    email='guys@example.com'
)

company.emails.all() # returns all phone numbers for company
company.emails.active() # all active phone numbers

# Make an phone number inactive
email.deactivate()

company.emails.inactive() # all inactive addresses
company.emails.kind(EmailKind.work) # by kind
company.emails.filter(email__icontains='guys@') # filter works as you'd expect...

# Make an phone number active
email.activate()





A complete list of QuerySet methods available on Email.objects is available
in django_teledex.models.EmailQuerySet.




Reverse Relations

You can also traverse back from an Address, PhoneNumber or
Email to the owner, in this case the Company - all thanks to Django’s
reverse generic relations [https://docs.djangoproject.com/en/1.8/ref/contrib/contenttypes/#reverse-generic-relations].

django_teledex.fields.AddressRelation, django_teledex.fields.PhoneNumberRelation
and django_teledex.fields.EmailRelation are simply helper classes
that inherit from GenericRelation [https://docs.djangoproject.com/en/1.8/ref/contrib/contenttypes/#django.contrib.contenttypes.fields.GenericRelation] that set some defaults.

The first, and only required, argument to each of the *Relation classes is
the related_query_name [https://docs.djangoproject.com/en/1.8/ref/contrib/contenttypes/#django.contrib.contenttypes.fields.GenericRelation.related_query_name] used by the GenericRelation [https://docs.djangoproject.com/en/1.8/ref/contrib/contenttypes/#django.contrib.contenttypes.fields.GenericRelation] which
django_teledex.fields.AddressRelation,
django_teledex.fields.PhoneNumberRelation and
django_teledex.fields.EmailRelation inherit from. In the
Company model above it’s set to companies.

Thus;

# Reverse relations
Address.objects.filter(companies__title='Evelyn Hotel')
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Developer Documentation


Contributions

Contributions are more than welcomed!

To get setup do the following;

mkvirtualenv --python=/usr/bin/python3 django-teledex
git clone https://github.com/alexhayes/django-teledex.git
cd django-teledex
pip install -r requirements/dev.txt





Note that you don’t have to use Python 3 and indeed tox tests for many versions
of Python, but you may as well develop on it, what reason is there not to for
such a small application?!




Running Tests

Once you’ve checked out you should be able to run the tests.

detox





or, alternatively;

./manage.py test








Migrations

If you need to make modelling changes please run makemigrations so that
the migration is included in your pull request.

./manage.py makemigrations








Creating translations

Translations are welcomed! Please fork and then from the root

cd django_teledex
./../manage.py makemessages -l [LOCALE-NAME]





Then, edit the translations in django_teledex/locale, then;

./../manage.py compilemessages








Creating Documentation

cd docs
make clean html
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Internal Module Reference





	Release:	0.2.0


	Date:	September 16, 2015







	django_teledex.choices

	django_teledex.fields

	teledex.models
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django_teledex.choices

Define choices that can be used within django-teledex.
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django_teledex.fields

Defines helper classes used for defining GenericRelation on models.

See Usage.


	
class django_teledex.fields.AddressRelation(related_query_name, **kwargs)[source]

	Bases: django_teledex.fields.BaseRelation

Helper used to map your own model to an django_teledex.models.Address

This class can be used to setup the GenericRelation [https://docs.djangoproject.com/en/1.8/ref/contrib/contenttypes/#generic-relations] between your own model
and an django_teledex.models.Address.






	
class django_teledex.fields.BaseRelation(to, related_query_name, **kwargs)[source]

	Bases: django.contrib.contenttypes.fields.GenericRelation

Helper class useful for automatically setting content_type_field and object_id_field.






	
class django_teledex.fields.EmailRelation(related_query_name, **kwargs)[source]

	Bases: django_teledex.fields.BaseRelation

Helper used to map your own model to an django_teledex.models.Email

This class can be used to setup the GenericRelation [https://docs.djangoproject.com/en/1.8/ref/contrib/contenttypes/#generic-relations] between your own model
and an django_teledex.models.Email.






	
class django_teledex.fields.PhoneNumberRelation(related_query_name, **kwargs)[source]

	Bases: django_teledex.fields.BaseRelation

Helper used to map your own model to an django_teledex.models.PhoneNumber

This class can be used to setup the GenericRelation [https://docs.djangoproject.com/en/1.8/ref/contrib/contenttypes/#generic-relations] between your own model
and an django_teledex.models.PhoneNumber.
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teledex.models

Django models for django-teledex.


	
class django_teledex.models.Address(*args, **kwargs)[source]

	Bases: django.db.models.base.Model

Defines an Address.

Sigh... if only we had a port of
libaddressinput [https://github.com/googlei18n/libaddressinput]
in Python... :(


	
exception DoesNotExist

	Bases: django.core.exceptions.ObjectDoesNotExist






	
exception Address.MultipleObjectsReturned

	Bases: django.core.exceptions.MultipleObjectsReturned






	
Address.country = <django_countries.fields.CountryField>

	




	
Address.get_country_display(*moreargs, **morekwargs)

	




	
Address.get_kind_display(*moreargs, **morekwargs)

	




	
Address.get_status_display(*moreargs, **morekwargs)

	




	
Address.joined()[source]

	Join the address into a single line string separated by commas.





	Return type:	str










	
Address.objects = <django.db.models.manager.ManagerFromAddressQuerySet object>

	




	
Address.owner

	Provides a generic relation to any object through content-type/object-id
fields.






	
Address.owner_type

	








	
class django_teledex.models.AddressQuerySet(model=None, query=None, using=None, hints=None)[source]

	Bases: django.db.models.query.QuerySet

Address QuerySet.


	
active()[source]

	Filter for active Addresses





	Return type:	AddressQuerySet










	
inactive()[source]

	Filter for inactive Addresses





	Return type:	AddressQuerySet










	
kind(kind)[source]

	Filter addresses by a particular kind.

Accepts any of the





	Return type:	AddressQuerySet










	
physical()[source]

	Filter for physical addresses.





	Return type:	AddressQuerySet










	
postal()[source]

	Filter for postal addresses.





	Return type:	AddressQuerySet














	
class django_teledex.models.Email(*args, **kwargs)[source]

	Bases: django.db.models.base.Model

Defines a Phone Number.


	
exception DoesNotExist

	Bases: django.core.exceptions.ObjectDoesNotExist






	
exception Email.MultipleObjectsReturned

	Bases: django.core.exceptions.MultipleObjectsReturned






	
Email.get_kind_display(*moreargs, **morekwargs)

	




	
Email.get_status_display(*moreargs, **morekwargs)

	




	
Email.objects = <django.db.models.manager.ManagerFromEmailQuerySet object>

	




	
Email.owner

	Provides a generic relation to any object through content-type/object-id
fields.






	
Email.owner_type

	








	
class django_teledex.models.EmailQuerySet(model=None, query=None, using=None, hints=None)[source]

	Bases: django.db.models.query.QuerySet

Email QuerySet.


	
active()[source]

	Filter for active Phone Numbers






	
inactive()[source]

	Filter for inactive Phone Numbers






	
kind(kind)[source]

	








	
class django_teledex.models.PhoneNumber(*args, **kwargs)[source]

	Bases: django.db.models.base.Model

Defines a Phone Number.


	
exception DoesNotExist

	Bases: django.core.exceptions.ObjectDoesNotExist






	
exception PhoneNumber.MultipleObjectsReturned

	Bases: django.core.exceptions.MultipleObjectsReturned






	
PhoneNumber.get_kind_display(*moreargs, **morekwargs)

	




	
PhoneNumber.get_status_display(*moreargs, **morekwargs)

	




	
PhoneNumber.number = <phonenumber_field.modelfields.PhoneNumberField>

	




	
PhoneNumber.objects = <django.db.models.manager.ManagerFromPhoneNumberQuerySet object>

	




	
PhoneNumber.owner

	Provides a generic relation to any object through content-type/object-id
fields.






	
PhoneNumber.owner_type

	








	
class django_teledex.models.PhoneNumberQuerySet(model=None, query=None, using=None, hints=None)[source]

	Bases: django.db.models.query.QuerySet

PhoneNumber QuerySet.


	
active()[source]

	Filter for active Phone Numbers






	
inactive()[source]

	Filter for inactive Phone Numbers






	
kind(kind)[source]
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  Source code for django_teledex.fields

# -*- coding: utf-8 -*-
"""
    django_teledex.fields
    ~~~~~~~~~~~~~~~~~~~~~

    Defines helper classes used for defining ``GenericRelation`` on models.

    See :doc:`/usage`.
"""
from __future__ import absolute_import, print_function, unicode_literals
from django.contrib.contenttypes.fields import GenericRelation


[docs]class BaseRelation(GenericRelation):
    """
    Helper class useful for automatically setting ``content_type_field`` and ``object_id_field``.
    """

    def __init__(self, to, related_query_name, **kwargs):
        kwargs['content_type_field'] = 'owner_type'
        kwargs['object_id_field'] = 'owner_id'
        kwargs['related_query_name'] = related_query_name
        super(BaseRelation, self).__init__(to, **kwargs)



[docs]class AddressRelation(BaseRelation):
    """
    Helper used to map your own model to an :py:class:`django_teledex.models.Address`

    This class can be used to setup the GenericRelation_ between your own model
    and an :py:class:`django_teledex.models.Address`.

    .. _GenericRelation: https://docs.djangoproject.com/en/1.8/ref/contrib/contenttypes/#generic-relations
    """

    def __init__(self, related_query_name, **kwargs):
        """
        :type related_query_name: str
        :param related_query_name:
        """
        BaseRelation.__init__(self,
                              'django_teledex.Address',
                              related_query_name,
                              **kwargs)



[docs]class PhoneNumberRelation(BaseRelation):
    """
    Helper used to map your own model to an :py:class:`django_teledex.models.PhoneNumber`

    This class can be used to setup the GenericRelation_ between your own model
    and an :py:class:`django_teledex.models.PhoneNumber`.

    .. _GenericRelation: https://docs.djangoproject.com/en/1.8/ref/contrib/contenttypes/#generic-relations
    """

    def __init__(self, related_query_name, **kwargs):
        BaseRelation.__init__(self,
                              'django_teledex.PhoneNumber',
                              related_query_name,
                              **kwargs)



[docs]class EmailRelation(BaseRelation):
    """
    Helper used to map your own model to an :py:class:`django_teledex.models.Email`

    This class can be used to setup the GenericRelation_ between your own model
    and an :py:class:`django_teledex.models.Email`.

    .. _GenericRelation: https://docs.djangoproject.com/en/1.8/ref/contrib/contenttypes/#generic-relations
    """

    def __init__(self, related_query_name, **kwargs):
        BaseRelation.__init__(self,
                              'django_teledex.Email',
                              related_query_name,
                              **kwargs)
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  Source code for django_teledex.models

# -*- coding: utf-8 -*-
"""
    teledex.models
    ~~~~~~~~~~~~~~

    Django models for django-teledex.

"""
from __future__ import absolute_import, print_function, unicode_literals
from django.contrib.contenttypes.fields import GenericForeignKey, \
    GenericRelation
from django.contrib.contenttypes.models import ContentType
from django.db import models
from django.utils.translation import ugettext_lazy as _
from django_countries.fields import CountryField
from phonenumber_field.modelfields import PhoneNumberField
import phonenumbers
from django.conf import settings
# todo Make reversion support optional detecting import failure and faking the decorator
import reversion

from .choices import AddressKind, AddressStatus, PhoneNumberKind, \
    PhoneNumberStatus, EmailKind, EmailStatus


[docs]class AddressQuerySet(models.QuerySet):
    """
    Address QuerySet.
    """

[docs]    def active(self):
        """
        Filter for active Addresses

        :rtype: AddressQuerySet
        """
        return self.filter(status=AddressStatus.active)


[docs]    def inactive(self):
        """
        Filter for inactive Addresses

        :rtype: AddressQuerySet
        """
        return self.filter(status=AddressStatus.inactive)


[docs]    def kind(self, kind):
        """
        Filter addresses by a particular kind.

        Accepts any of the

        :rtype: AddressQuerySet
        """
        return self.filter(kind=kind)


[docs]    def postal(self):
        """
        Filter for postal addresses.

        :rtype: AddressQuerySet
        """
        return self.kind(AddressKind.postal)


[docs]    def physical(self):
        """
        Filter for physical addresses.

        :rtype: AddressQuerySet
        """
        return self.kind(AddressKind.physical)




@reversion.register
[docs]class Address(models.Model):
    """
    Defines an Address.

    Sigh... if only we had a port of
    `libaddressinput <https://github.com/googlei18n/libaddressinput>`_
    in Python... :(
    """
    kind = models.CharField(_('kind'), max_length=16, choices=AddressKind.choices, default=AddressKind.postal, db_index=True, help_text=_('The kind of address'))
    status = models.CharField(_('status'), max_length=16, choices=AddressStatus.choices, db_index=True, default=AddressStatus.active, help_text="Defines the current status of the address")
    # Actual address fields
    recipient = models.CharField(_('recipient'), max_length=255, null=True, blank=True, help_text=_('Recipient'))
    organisation = models.CharField(_('organisation'), max_length=255, null=True, blank=True, help_text=_('Organisation'))
    address_line = models.CharField(_('address'), max_length=255, null=True, help_text=_('Street address lines separated by commas (,)'))
    locality = models.CharField(_('locality'), max_length=255, null=True, help_text=_('City or town'))
    region = models.CharField(_('region'), max_length=128, null=True, help_text=_('State code, country or canton'))
    postcode = models.CharField(_('postcode'), max_length=32, null=True, help_text=_('Postal code, post code ZIP code'))
    country = CountryField(_('country'), db_index=True, null=True)
    # Defines something that this address belongs to
    owner_type = models.ForeignKey(ContentType, null=True, blank=True)
    owner_id = models.PositiveIntegerField(null=True, blank=True, db_index=True)
    owner = GenericForeignKey('owner_type', 'owner_id')

    objects = AddressQuerySet.as_manager()

    class Meta:
        index_together = [
            ['owner_type', 'owner_id']
        ]

    def __str__(self):
        """
        Return a string representation of the address.

        This is very basic and somewhat Australian (at least until proven
        otherwise...)
        """
        s = self.joined()
        if len(s) > 0:
            return s
        elif self.pk:
            return '(N/A [%s])' % self.pk
        else:
            return '(N/A)'

[docs]    def joined(self):
        """
        Join the address into a single line string separated by commas.

        :rtype: str
        """
        # todo Perhaps needs to be formatted according to the country...
        parts = [self.recipient,
                 self.organisation,
                 self.address_line,
                 ' '.join([part
                           for part in [self.locality, self.region, self.postcode]
                           if part is not None and len(part) > 0]),
                 str(self.country.name) if self.country else None]
        s = ', '.join([part
                       for part in parts
                       if part is not None and len(part) > 0])
        return s




[docs]class PhoneNumberQuerySet(models.QuerySet):
    """
    PhoneNumber QuerySet.
    """

[docs]    def active(self):
        """
        Filter for active Phone Numbers
        """
        return self.filter(status=PhoneNumberStatus.active)


[docs]    def inactive(self):
        """
        Filter for inactive Phone Numbers
        """
        return self.filter(status=PhoneNumberStatus.inactive)


[docs]    def kind(self, kind):
        return self.filter(kind=kind)




@reversion.register
[docs]class PhoneNumber(models.Model):
    """
    Defines a Phone Number.
    """
    kind = models.CharField(_('kind'), max_length=16, choices=PhoneNumberKind.choices, default=PhoneNumberKind.work, db_index=True, help_text=_('The kind of phone number'))
    status = models.CharField(_('status'), max_length=16, choices=PhoneNumberStatus.choices, default=PhoneNumberStatus.active, db_index=True, help_text="Defines the current status of the phone number")
    # Actual Phone Number
    number = PhoneNumberField(max_length=40, db_index=True)
    # Defines something that this address belongs to
    owner_type = models.ForeignKey(ContentType, null=True, blank=True)
    owner_id = models.PositiveIntegerField(null=True, blank=True, db_index=True)
    owner = GenericForeignKey('owner_type', 'owner_id')

    objects = PhoneNumberQuerySet.as_manager()

    class Meta:
        index_together = [
            ['owner_type', 'owner_id']
        ]

    def __str__(self):
        return '%s' % self.number



[docs]class EmailQuerySet(models.QuerySet):
    """
    Email QuerySet.
    """

[docs]    def active(self):
        """
        Filter for active Phone Numbers
        """
        return self.filter(status=EmailStatus.active)


[docs]    def inactive(self):
        """
        Filter for inactive Phone Numbers
        """
        return self.filter(status=EmailStatus.inactive)


[docs]    def kind(self, kind):
        return self.filter(kind=kind)




@reversion.register
[docs]class Email(models.Model):
    """
    Defines a Phone Number.
    """
    kind = models.CharField(_('kind'), max_length=16, choices=EmailKind.choices, default=EmailKind.work, db_index=True, help_text=_('The kind of email'))
    status = models.CharField(_('status'), max_length=16, choices=EmailStatus.choices, default=EmailStatus.active, db_index=True, help_text="Defines the current status of the email")
    # Actual Phone Number
    email = models.EmailField(max_length=191, db_index=True)
    # Defines something that this address belongs to
    owner_type = models.ForeignKey(ContentType, null=True, blank=True)
    owner_id = models.PositiveIntegerField(null=True, blank=True, db_index=True)
    owner = GenericForeignKey('owner_type', 'owner_id')

    objects = EmailQuerySet.as_manager()

    class Meta:
        index_together = [
            ['owner_type', 'owner_id']
        ]

    def __str__(self):
        return '%s' % self.email
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  Source code for django.db.models.manager

import copy
import inspect
from importlib import import_module

from django.db import router
from django.db.models.query import QuerySet
from django.utils import six
from django.utils.encoding import python_2_unicode_compatible


def ensure_default_manager(cls):
    """
    Ensures that a Model subclass contains a default manager  and sets the
    _default_manager attribute on the class. Also sets up the _base_manager
    points to a plain Manager instance (which could be the same as
    _default_manager if it's not a subclass of Manager).
    """
    if cls._meta.abstract:
        setattr(cls, 'objects', AbstractManagerDescriptor(cls))
        return
    elif cls._meta.swapped:
        setattr(cls, 'objects', SwappedManagerDescriptor(cls))
        return
    if not getattr(cls, '_default_manager', None):
        if any(f.name == 'objects' for f in cls._meta.fields):
            raise ValueError(
                "Model %s must specify a custom Manager, because it has a "
                "field named 'objects'" % cls.__name__
            )
        # Create the default manager, if needed.
        cls.add_to_class('objects', Manager())
        cls._base_manager = cls.objects
    elif not getattr(cls, '_base_manager', None):
        default_mgr = cls._default_manager.__class__
        if (default_mgr is Manager or
                getattr(default_mgr, "use_for_related_fields", False)):
            cls._base_manager = cls._default_manager
        else:
            # Default manager isn't a plain Manager class, or a suitable
            # replacement, so we walk up the base class hierarchy until we hit
            # something appropriate.
            for base_class in default_mgr.mro()[1:]:
                if (base_class is Manager or
                        getattr(base_class, "use_for_related_fields", False)):
                    cls.add_to_class('_base_manager', base_class())
                    return
            raise AssertionError(
                "Should never get here. Please report a bug, including your "
                "model and model manager setup."
            )


@python_2_unicode_compatible
class BaseManager(object):
    # Tracks each time a Manager instance is created. Used to retain order.
    creation_counter = 0

    #: If set to True the manager will be serialized into migrations and will
    #: thus be available in e.g. RunPython operations
    use_in_migrations = False

    def __new__(cls, *args, **kwargs):
        # We capture the arguments to make returning them trivial
        obj = super(BaseManager, cls).__new__(cls)
        obj._constructor_args = (args, kwargs)
        return obj

    def __init__(self):
        super(BaseManager, self).__init__()
        self._set_creation_counter()
        self.model = None
        self.name = None
        self._inherited = False
        self._db = None
        self._hints = {}

    def __str__(self):
        """ Return "app_label.model_label.manager_name". """
        model = self.model
        app = model._meta.app_label
        return '%s.%s.%s' % (app, model._meta.object_name, self.name)

    def deconstruct(self):
        """
        Returns a 5-tuple of the form (as_manager (True), manager_class,
        queryset_class, args, kwargs).

        Raises a ValueError if the manager is dynamically generated.
        """
        qs_class = self._queryset_class
        if getattr(self, '_built_with_as_manager', False):
            # using MyQuerySet.as_manager()
            return (
                True,  # as_manager
                None,  # manager_class
                '%s.%s' % (qs_class.__module__, qs_class.__name__),  # qs_class
                None,  # args
                None,  # kwargs
            )
        else:
            module_name = self.__module__
            name = self.__class__.__name__
            # Make sure it's actually there and not an inner class
            module = import_module(module_name)
            if not hasattr(module, name):
                raise ValueError(
                    "Could not find manager %s in %s.\n"
                    "Please note that you need to inherit from managers you "
                    "dynamically generated with 'from_queryset()'."
                    % (name, module_name)
                )
            return (
                False,  # as_manager
                '%s.%s' % (module_name, name),  # manager_class
                None,  # qs_class
                self._constructor_args[0],  # args
                self._constructor_args[1],  # kwargs
            )

    def check(self, **kwargs):
        return []

    @classmethod
    def _get_queryset_methods(cls, queryset_class):
        def create_method(name, method):
            def manager_method(self, *args, **kwargs):
                return getattr(self.get_queryset(), name)(*args, **kwargs)
            manager_method.__name__ = method.__name__
            manager_method.__doc__ = method.__doc__
            return manager_method

        new_methods = {}
        # Refs http://bugs.python.org/issue1785.
        predicate = inspect.isfunction if six.PY3 else inspect.ismethod
        for name, method in inspect.getmembers(queryset_class, predicate=predicate):
            # Only copy missing methods.
            if hasattr(cls, name):
                continue
            # Only copy public methods or methods with the attribute `queryset_only=False`.
            queryset_only = getattr(method, 'queryset_only', None)
            if queryset_only or (queryset_only is None and name.startswith('_')):
                continue
            # Copy the method onto the manager.
            new_methods[name] = create_method(name, method)
        return new_methods

    @classmethod
    def from_queryset(cls, queryset_class, class_name=None):
        if class_name is None:
            class_name = '%sFrom%s' % (cls.__name__, queryset_class.__name__)
        class_dict = {
            '_queryset_class': queryset_class,
        }
        class_dict.update(cls._get_queryset_methods(queryset_class))
        return type(class_name, (cls,), class_dict)

    def contribute_to_class(self, model, name):
        # TODO: Use weakref because of possible memory leak / circular reference.
        self.model = model
        if not self.name:
            self.name = name
        # Only contribute the manager if the model is concrete
        if model._meta.abstract:
            setattr(model, name, AbstractManagerDescriptor(model))
        elif model._meta.swapped:
            setattr(model, name, SwappedManagerDescriptor(model))
        else:
            # if not model._meta.abstract and not model._meta.swapped:
            setattr(model, name, ManagerDescriptor(self))
        if (not getattr(model, '_default_manager', None) or
                self.creation_counter < model._default_manager.creation_counter):
            model._default_manager = self

        abstract = False
        if model._meta.abstract or (self._inherited and not self.model._meta.proxy):
            abstract = True
        model._meta.managers.append((self.creation_counter, self, abstract))

    def _set_creation_counter(self):
        """
        Sets the creation counter value for this instance and increments the
        class-level copy.
        """
        self.creation_counter = BaseManager.creation_counter
        BaseManager.creation_counter += 1

    def _copy_to_model(self, model):
        """
        Makes a copy of the manager and assigns it to 'model', which should be
        a child of the existing model (used when inheriting a manager from an
        abstract base class).
        """
        assert issubclass(model, self.model)
        mgr = copy.copy(self)
        mgr._set_creation_counter()
        mgr.model = model
        mgr._inherited = True
        return mgr

    def db_manager(self, using=None, hints=None):
        obj = copy.copy(self)
        obj._db = using or self._db
        obj._hints = hints or self._hints
        return obj

    @property
    def db(self):
        return self._db or router.db_for_read(self.model, **self._hints)

    #######################
    # PROXIES TO QUERYSET #
    #######################

    def get_queryset(self):
        """
        Returns a new QuerySet object.  Subclasses can override this method to
        easily customize the behavior of the Manager.
        """
        return self._queryset_class(self.model, using=self._db, hints=self._hints)

    def all(self):
        # We can't proxy this method through the `QuerySet` like we do for the
        # rest of the `QuerySet` methods. This is because `QuerySet.all()`
        # works by creating a "copy" of the current queryset and in making said
        # copy, all the cached `prefetch_related` lookups are lost. See the
        # implementation of `RelatedManager.get_queryset()` for a better
        # understanding of how this comes into play.
        return self.get_queryset()

    def __eq__(self, other):
        return (
            isinstance(other, self.__class__) and
            self._constructor_args == other._constructor_args
        )

    def __ne__(self, other):
        return not (self == other)

    def __hash__(self):
        return id(self)


class Manager(BaseManager.from_queryset(QuerySet)):
    pass


class ManagerDescriptor(object):
    # This class ensures managers aren't accessible via model instances.
    # For example, Poll.objects works, but poll_obj.objects raises AttributeError.
    def __init__(self, manager):
        self.manager = manager

    def __get__(self, instance, type=None):
        if instance is not None:
            raise AttributeError("Manager isn't accessible via %s instances" % type.__name__)
        return self.manager


class AbstractManagerDescriptor(object):
    # This class provides a better error message when you try to access a
    # manager on an abstract model.
    def __init__(self, model):
        self.model = model

    def __get__(self, instance, type=None):
        raise AttributeError("Manager isn't available; %s is abstract" % (
            self.model._meta.object_name,
        ))


class SwappedManagerDescriptor(object):
    # This class provides a better error message when you try to access a
    # manager on a swapped model.
    def __init__(self, model):
        self.model = model

    def __get__(self, instance, type=None):
        raise AttributeError("Manager isn't available; %s has been swapped for '%s'" % (
            self.model._meta.object_name, self.model._meta.swapped
        ))


class EmptyManager(Manager):
    def __init__(self, model):
        super(EmptyManager, self).__init__()
        self.model = model

    def get_queryset(self):
        return super(EmptyManager, self).get_queryset().none()
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  Source code for django.db.models.fields.related

from __future__ import unicode_literals

import warnings
from operator import attrgetter

from django import forms
from django.apps import apps
from django.core import checks, exceptions
from django.core.exceptions import FieldDoesNotExist
from django.db import connection, connections, router, transaction
from django.db.backends import utils
from django.db.models import Q, signals
from django.db.models.deletion import CASCADE, SET_DEFAULT, SET_NULL
from django.db.models.fields import (
    BLANK_CHOICE_DASH, AutoField, Field, IntegerField, PositiveIntegerField,
    PositiveSmallIntegerField,
)
from django.db.models.lookups import IsNull
from django.db.models.query import QuerySet
from django.db.models.query_utils import PathInfo
from django.utils import six
from django.utils.deprecation import RemovedInDjango110Warning
from django.utils.encoding import force_text, smart_text
from django.utils.functional import cached_property, curry
from django.utils.translation import ugettext_lazy as _

RECURSIVE_RELATIONSHIP_CONSTANT = 'self'


def add_lazy_relation(cls, field, relation, operation):
    """
    Adds a lookup on ``cls`` when a related field is defined using a string,
    i.e.::

        class MyModel(Model):
            fk = ForeignKey("AnotherModel")

    This string can be:

        * RECURSIVE_RELATIONSHIP_CONSTANT (i.e. "self") to indicate a recursive
          relation.

        * The name of a model (i.e "AnotherModel") to indicate another model in
          the same app.

        * An app-label and model name (i.e. "someapp.AnotherModel") to indicate
          another model in a different app.

    If the other model hasn't yet been loaded -- almost a given if you're using
    lazy relationships -- then the relation won't be set up until the
    class_prepared signal fires at the end of model initialization.

    operation is the work that must be performed once the relation can be resolved.
    """
    # Check for recursive relations
    if relation == RECURSIVE_RELATIONSHIP_CONSTANT:
        app_label = cls._meta.app_label
        model_name = cls.__name__

    else:
        # Look for an "app.Model" relation

        if isinstance(relation, six.string_types):
            try:
                app_label, model_name = relation.split(".")
            except ValueError:
                # If we can't split, assume a model in current app
                app_label = cls._meta.app_label
                model_name = relation
        else:
            # it's actually a model class
            app_label = relation._meta.app_label
            model_name = relation._meta.object_name

    # Try to look up the related model, and if it's already loaded resolve the
    # string right away. If get_registered_model raises a LookupError, it means
    # that the related model isn't loaded yet, so we need to pend the relation
    # until the class is prepared.
    try:
        model = cls._meta.apps.get_registered_model(app_label, model_name)
    except LookupError:
        key = (app_label, model_name)
        value = (cls, field, operation)
        cls._meta.apps._pending_lookups.setdefault(key, []).append(value)
    else:
        operation(field, model, cls)


def do_pending_lookups(sender, **kwargs):
    """
    Handle any pending relations to the sending model. Sent from class_prepared.
    """
    key = (sender._meta.app_label, sender.__name__)
    for cls, field, operation in sender._meta.apps._pending_lookups.pop(key, []):
        operation(field, sender, cls)

signals.class_prepared.connect(do_pending_lookups)


class RelatedField(Field):
    # Field flags
    one_to_many = False
    one_to_one = False
    many_to_many = False
    many_to_one = False

    @cached_property
    def related_model(self):
        # Can't cache this property until all the models are loaded.
        apps.check_models_ready()
        return self.rel.to

    def check(self, **kwargs):
        errors = super(RelatedField, self).check(**kwargs)
        errors.extend(self._check_related_name_is_valid())
        errors.extend(self._check_relation_model_exists())
        errors.extend(self._check_referencing_to_swapped_model())
        errors.extend(self._check_clashes())
        return errors

    def _check_related_name_is_valid(self):
        import re
        import keyword
        related_name = self.rel.related_name
        if not related_name:
            return []
        is_valid_id = True
        if keyword.iskeyword(related_name):
            is_valid_id = False
        if six.PY3:
            if not related_name.isidentifier():
                is_valid_id = False
        else:
            if not re.match(r'^[a-zA-Z_][a-zA-Z0-9_]*\Z', related_name):
                is_valid_id = False
        if not (is_valid_id or related_name.endswith('+')):
            return [
                checks.Error(
                    "The name '%s' is invalid related_name for field %s.%s" %
                    (self.rel.related_name, self.model._meta.object_name,
                     self.name),
                    hint="Related name must be a valid Python identifier or end with a '+'",
                    obj=self,
                    id='fields.E306',
                )
            ]
        return []

    def _check_relation_model_exists(self):
        rel_is_missing = self.rel.to not in apps.get_models()
        rel_is_string = isinstance(self.rel.to, six.string_types)
        model_name = self.rel.to if rel_is_string else self.rel.to._meta.object_name
        if rel_is_missing and (rel_is_string or not self.rel.to._meta.swapped):
            return [
                checks.Error(
                    ("Field defines a relation with model '%s', which "
                     "is either not installed, or is abstract.") % model_name,
                    hint=None,
                    obj=self,
                    id='fields.E300',
                )
            ]
        return []

    def _check_referencing_to_swapped_model(self):
        if (self.rel.to not in apps.get_models() and
                not isinstance(self.rel.to, six.string_types) and
                self.rel.to._meta.swapped):
            model = "%s.%s" % (
                self.rel.to._meta.app_label,
                self.rel.to._meta.object_name
            )
            return [
                checks.Error(
                    ("Field defines a relation with the model '%s', "
                     "which has been swapped out.") % model,
                    hint="Update the relation to point at 'settings.%s'." % self.rel.to._meta.swappable,
                    obj=self,
                    id='fields.E301',
                )
            ]
        return []

    def _check_clashes(self):
        """ Check accessor and reverse query name clashes. """

        from django.db.models.base import ModelBase

        errors = []
        opts = self.model._meta

        # `f.rel.to` may be a string instead of a model. Skip if model name is
        # not resolved.
        if not isinstance(self.rel.to, ModelBase):
            return []

        # If the field doesn't install backward relation on the target model (so
        # `is_hidden` returns True), then there are no clashes to check and we
        # can skip these fields.
        if self.rel.is_hidden():
            return []

        try:
            self.rel
        except AttributeError:
            return []

        # Consider that we are checking field `Model.foreign` and the models
        # are:
        #
        #     class Target(models.Model):
        #         model = models.IntegerField()
        #         model_set = models.IntegerField()
        #
        #     class Model(models.Model):
        #         foreign = models.ForeignKey(Target)
        #         m2m = models.ManyToManyField(Target)

        rel_opts = self.rel.to._meta
        # rel_opts.object_name == "Target"
        rel_name = self.rel.get_accessor_name()  # i. e. "model_set"
        rel_query_name = self.related_query_name()  # i. e. "model"
        field_name = "%s.%s" % (opts.object_name,
            self.name)  # i. e. "Model.field"

        # Check clashes between accessor or reverse query name of `field`
        # and any other field name -- i.e. accessor for Model.foreign is
        # model_set and it clashes with Target.model_set.
        potential_clashes = rel_opts.fields + rel_opts.many_to_many
        for clash_field in potential_clashes:
            clash_name = "%s.%s" % (rel_opts.object_name,
                clash_field.name)  # i. e. "Target.model_set"
            if clash_field.name == rel_name:
                errors.append(
                    checks.Error(
                        "Reverse accessor for '%s' clashes with field name '%s'." % (field_name, clash_name),
                        hint=("Rename field '%s', or add/change a related_name "
                              "argument to the definition for field '%s'.") % (clash_name, field_name),
                        obj=self,
                        id='fields.E302',
                    )
                )

            if clash_field.name == rel_query_name:
                errors.append(
                    checks.Error(
                        "Reverse query name for '%s' clashes with field name '%s'." % (field_name, clash_name),
                        hint=("Rename field '%s', or add/change a related_name "
                              "argument to the definition for field '%s'.") % (clash_name, field_name),
                        obj=self,
                        id='fields.E303',
                    )
                )

        # Check clashes between accessors/reverse query names of `field` and
        # any other field accessor -- i. e. Model.foreign accessor clashes with
        # Model.m2m accessor.
        potential_clashes = (r for r in rel_opts.related_objects if r.field is not self)
        for clash_field in potential_clashes:
            clash_name = "%s.%s" % (  # i. e. "Model.m2m"
                clash_field.related_model._meta.object_name,
                clash_field.field.name)
            if clash_field.get_accessor_name() == rel_name:
                errors.append(
                    checks.Error(
                        "Reverse accessor for '%s' clashes with reverse accessor for '%s'." % (field_name, clash_name),
                        hint=("Add or change a related_name argument "
                              "to the definition for '%s' or '%s'.") % (field_name, clash_name),
                        obj=self,
                        id='fields.E304',
                    )
                )

            if clash_field.get_accessor_name() == rel_query_name:
                errors.append(
                    checks.Error(
                        "Reverse query name for '%s' clashes with reverse query name for '%s'."
                        % (field_name, clash_name),
                        hint=("Add or change a related_name argument "
                              "to the definition for '%s' or '%s'.") % (field_name, clash_name),
                        obj=self,
                        id='fields.E305',
                    )
                )

        return errors

    def db_type(self, connection):
        '''By default related field will not have a column
           as it relates columns to another table'''
        return None

    def contribute_to_class(self, cls, name, virtual_only=False):
        sup = super(RelatedField, self)

        # Store the opts for related_query_name()
        self.opts = cls._meta

        if hasattr(sup, 'contribute_to_class'):
            sup.contribute_to_class(cls, name, virtual_only=virtual_only)

        if not cls._meta.abstract and self.rel.related_name:
            related_name = force_text(self.rel.related_name) % {
                'class': cls.__name__.lower(),
                'app_label': cls._meta.app_label.lower()
            }
            self.rel.related_name = related_name
        other = self.rel.to
        if isinstance(other, six.string_types) or other._meta.pk is None:
            def resolve_related_class(field, model, cls):
                field.rel.to = model
                field.do_related_class(model, cls)
            add_lazy_relation(cls, self, other, resolve_related_class)
        else:
            self.do_related_class(other, cls)

    @property
    def swappable_setting(self):
        """
        Gets the setting that this is powered from for swapping, or None
        if it's not swapped in / marked with swappable=False.
        """
        if self.swappable:
            # Work out string form of "to"
            if isinstance(self.rel.to, six.string_types):
                to_string = self.rel.to
            else:
                to_string = "%s.%s" % (
                    self.rel.to._meta.app_label,
                    self.rel.to._meta.object_name,
                )
            # See if anything swapped/swappable matches
            for model in apps.get_models(include_swapped=True):
                if model._meta.swapped:
                    if model._meta.swapped == to_string:
                        return model._meta.swappable
                if ("%s.%s" % (model._meta.app_label, model._meta.object_name)) == to_string and model._meta.swappable:
                    return model._meta.swappable
        return None

    def set_attributes_from_rel(self):
        self.name = self.name or (self.rel.to._meta.model_name + '_' + self.rel.to._meta.pk.name)
        if self.verbose_name is None:
            self.verbose_name = self.rel.to._meta.verbose_name
        self.rel.set_field_name()

    @property
    def related(self):
        warnings.warn(
            "Usage of field.related has been deprecated. Use field.rel instead.",
            RemovedInDjango110Warning, 2)
        return self.rel

    def do_related_class(self, other, cls):
        self.set_attributes_from_rel()
        if not cls._meta.abstract:
            self.contribute_to_related_class(other, self.rel)

    def get_limit_choices_to(self):
        """Returns 'limit_choices_to' for this model field.

        If it is a callable, it will be invoked and the result will be
        returned.
        """
        if callable(self.rel.limit_choices_to):
            return self.rel.limit_choices_to()
        return self.rel.limit_choices_to

    def formfield(self, **kwargs):
        """Passes ``limit_choices_to`` to field being constructed.

        Only passes it if there is a type that supports related fields.
        This is a similar strategy used to pass the ``queryset`` to the field
        being constructed.
        """
        defaults = {}
        if hasattr(self.rel, 'get_related_field'):
            # If this is a callable, do not invoke it here. Just pass
            # it in the defaults for when the form class will later be
            # instantiated.
            limit_choices_to = self.rel.limit_choices_to
            defaults.update({
                'limit_choices_to': limit_choices_to,
            })
        defaults.update(kwargs)
        return super(RelatedField, self).formfield(**defaults)

    def related_query_name(self):
        # This method defines the name that can be used to identify this
        # related object in a table-spanning query. It uses the lower-cased
        # object_name by default, but this can be overridden with the
        # "related_name" option.
        return self.rel.related_query_name or self.rel.related_name or self.opts.model_name


class SingleRelatedObjectDescriptor(object):
    # This class provides the functionality that makes the related-object
    # managers available as attributes on a model class, for fields that have
    # a single "remote" value, on the class pointed to by a related field.
    # In the example "place.restaurant", the restaurant attribute is a
    # SingleRelatedObjectDescriptor instance.
    def __init__(self, related):
        self.related = related
        self.cache_name = related.get_cache_name()

    @cached_property
    def RelatedObjectDoesNotExist(self):
        # The exception isn't created at initialization time for the sake of
        # consistency with `ReverseSingleRelatedObjectDescriptor`.
        return type(
            str('RelatedObjectDoesNotExist'),
            (self.related.related_model.DoesNotExist, AttributeError),
            {}
        )

    def is_cached(self, instance):
        return hasattr(instance, self.cache_name)

    def get_queryset(self, **hints):
        manager = self.related.related_model._default_manager
        # If the related manager indicates that it should be used for
        # related fields, respect that.
        if not getattr(manager, 'use_for_related_fields', False):
            manager = self.related.related_model._base_manager
        return manager.db_manager(hints=hints).all()

    def get_prefetch_queryset(self, instances, queryset=None):
        if queryset is None:
            queryset = self.get_queryset()
        queryset._add_hints(instance=instances[0])

        rel_obj_attr = attrgetter(self.related.field.attname)
        instance_attr = lambda obj: obj._get_pk_val()
        instances_dict = {instance_attr(inst): inst for inst in instances}
        query = {'%s__in' % self.related.field.name: instances}
        queryset = queryset.filter(**query)

        # Since we're going to assign directly in the cache,
        # we must manage the reverse relation cache manually.
        rel_obj_cache_name = self.related.field.get_cache_name()
        for rel_obj in queryset:
            instance = instances_dict[rel_obj_attr(rel_obj)]
            setattr(rel_obj, rel_obj_cache_name, instance)
        return queryset, rel_obj_attr, instance_attr, True, self.cache_name

    def __get__(self, instance, instance_type=None):
        if instance is None:
            return self
        try:
            rel_obj = getattr(instance, self.cache_name)
        except AttributeError:
            related_pk = instance._get_pk_val()
            if related_pk is None:
                rel_obj = None
            else:
                params = {}
                for lh_field, rh_field in self.related.field.related_fields:
                    params['%s__%s' % (self.related.field.name, rh_field.name)] = getattr(instance, rh_field.attname)
                try:
                    rel_obj = self.get_queryset(instance=instance).get(**params)
                except self.related.related_model.DoesNotExist:
                    rel_obj = None
                else:
                    setattr(rel_obj, self.related.field.get_cache_name(), instance)
            setattr(instance, self.cache_name, rel_obj)
        if rel_obj is None:
            raise self.RelatedObjectDoesNotExist(
                "%s has no %s." % (
                    instance.__class__.__name__,
                    self.related.get_accessor_name()
                )
            )
        else:
            return rel_obj

    def __set__(self, instance, value):
        # The similarity of the code below to the code in
        # ReverseSingleRelatedObjectDescriptor is annoying, but there's a bunch
        # of small differences that would make a common base class convoluted.

        # If null=True, we can assign null here, but otherwise the value needs
        # to be an instance of the related class.
        if value is None and self.related.field.null is False:
            raise ValueError(
                'Cannot assign None: "%s.%s" does not allow null values.' % (
                    instance._meta.object_name,
                    self.related.get_accessor_name(),
                )
            )
        elif value is not None and not isinstance(value, self.related.related_model):
            raise ValueError(
                'Cannot assign "%r": "%s.%s" must be a "%s" instance.' % (
                    value,
                    instance._meta.object_name,
                    self.related.get_accessor_name(),
                    self.related.related_model._meta.object_name,
                )
            )
        elif value is not None:
            if instance._state.db is None:
                instance._state.db = router.db_for_write(instance.__class__, instance=value)
            elif value._state.db is None:
                value._state.db = router.db_for_write(value.__class__, instance=instance)
            elif value._state.db is not None and instance._state.db is not None:
                if not router.allow_relation(value, instance):
                    raise ValueError('Cannot assign "%r": the current database router prevents this relation.' % value)

        related_pk = tuple(getattr(instance, field.attname) for field in self.related.field.foreign_related_fields)
        if None in related_pk:
            raise ValueError(
                'Cannot assign "%r": "%s" instance isn\'t saved in the database.' %
                (value, instance._meta.object_name)
            )

        # Set the value of the related field to the value of the related object's related field
        for index, field in enumerate(self.related.field.local_related_fields):
            setattr(value, field.attname, related_pk[index])

        # Since we already know what the related object is, seed the related
        # object caches now, too. This avoids another db hit if you get the
        # object you just set.
        setattr(instance, self.cache_name, value)
        setattr(value, self.related.field.get_cache_name(), instance)


class ReverseSingleRelatedObjectDescriptor(object):
    # This class provides the functionality that makes the related-object
    # managers available as attributes on a model class, for fields that have
    # a single "remote" value, on the class that defines the related field.
    # In the example "choice.poll", the poll attribute is a
    # ReverseSingleRelatedObjectDescriptor instance.
    def __init__(self, field_with_rel):
        self.field = field_with_rel
        self.cache_name = self.field.get_cache_name()

    @cached_property
    def RelatedObjectDoesNotExist(self):
        # The exception can't be created at initialization time since the
        # related model might not be resolved yet; `rel.to` might still be
        # a string model reference.
        return type(
            str('RelatedObjectDoesNotExist'),
            (self.field.rel.to.DoesNotExist, AttributeError),
            {}
        )

    def is_cached(self, instance):
        return hasattr(instance, self.cache_name)

    def get_queryset(self, **hints):
        manager = self.field.rel.to._default_manager
        # If the related manager indicates that it should be used for
        # related fields, respect that.
        if not getattr(manager, 'use_for_related_fields', False):
            manager = self.field.rel.to._base_manager
        return manager.db_manager(hints=hints).all()

    def get_prefetch_queryset(self, instances, queryset=None):
        if queryset is None:
            queryset = self.get_queryset()
        queryset._add_hints(instance=instances[0])

        rel_obj_attr = self.field.get_foreign_related_value
        instance_attr = self.field.get_local_related_value
        instances_dict = {instance_attr(inst): inst for inst in instances}
        related_field = self.field.foreign_related_fields[0]

        # FIXME: This will need to be revisited when we introduce support for
        # composite fields. In the meantime we take this practical approach to
        # solve a regression on 1.6 when the reverse manager in hidden
        # (related_name ends with a '+'). Refs #21410.
        # The check for len(...) == 1 is a special case that allows the query
        # to be join-less and smaller. Refs #21760.
        if self.field.rel.is_hidden() or len(self.field.foreign_related_fields) == 1:
            query = {'%s__in' % related_field.name: set(instance_attr(inst)[0] for inst in instances)}
        else:
            query = {'%s__in' % self.field.related_query_name(): instances}
        queryset = queryset.filter(**query)

        # Since we're going to assign directly in the cache,
        # we must manage the reverse relation cache manually.
        if not self.field.rel.multiple:
            rel_obj_cache_name = self.field.rel.get_cache_name()
            for rel_obj in queryset:
                instance = instances_dict[rel_obj_attr(rel_obj)]
                setattr(rel_obj, rel_obj_cache_name, instance)
        return queryset, rel_obj_attr, instance_attr, True, self.cache_name

    def __get__(self, instance, instance_type=None):
        if instance is None:
            return self
        try:
            rel_obj = getattr(instance, self.cache_name)
        except AttributeError:
            val = self.field.get_local_related_value(instance)
            if None in val:
                rel_obj = None
            else:
                params = {
                    rh_field.attname: getattr(instance, lh_field.attname)
                    for lh_field, rh_field in self.field.related_fields}
                qs = self.get_queryset(instance=instance)
                extra_filter = self.field.get_extra_descriptor_filter(instance)
                if isinstance(extra_filter, dict):
                    params.update(extra_filter)
                    qs = qs.filter(**params)
                else:
                    qs = qs.filter(extra_filter, **params)
                # Assuming the database enforces foreign keys, this won't fail.
                rel_obj = qs.get()
                if not self.field.rel.multiple:
                    setattr(rel_obj, self.field.rel.get_cache_name(), instance)
            setattr(instance, self.cache_name, rel_obj)
        if rel_obj is None and not self.field.null:
            raise self.RelatedObjectDoesNotExist(
                "%s has no %s." % (self.field.model.__name__, self.field.name)
            )
        else:
            return rel_obj

    def __set__(self, instance, value):
        # If null=True, we can assign null here, but otherwise the value needs
        # to be an instance of the related class.
        if value is None and self.field.null is False:
            raise ValueError(
                'Cannot assign None: "%s.%s" does not allow null values.' %
                (instance._meta.object_name, self.field.name)
            )
        elif value is not None and not isinstance(value, self.field.rel.to):
            raise ValueError(
                'Cannot assign "%r": "%s.%s" must be a "%s" instance.' % (
                    value,
                    instance._meta.object_name,
                    self.field.name,
                    self.field.rel.to._meta.object_name,
                )
            )
        elif value is not None:
            if instance._state.db is None:
                instance._state.db = router.db_for_write(instance.__class__, instance=value)
            elif value._state.db is None:
                value._state.db = router.db_for_write(value.__class__, instance=instance)
            elif value._state.db is not None and instance._state.db is not None:
                if not router.allow_relation(value, instance):
                    raise ValueError('Cannot assign "%r": the current database router prevents this relation.' % value)

        # If we're setting the value of a OneToOneField to None, we need to clear
        # out the cache on any old related object. Otherwise, deleting the
        # previously-related object will also cause this object to be deleted,
        # which is wrong.
        if value is None:
            # Look up the previously-related object, which may still be available
            # since we've not yet cleared out the related field.
            # Use the cache directly, instead of the accessor; if we haven't
            # populated the cache, then we don't care - we're only accessing
            # the object to invalidate the accessor cache, so there's no
            # need to populate the cache just to expire it again.
            related = getattr(instance, self.cache_name, None)

            # If we've got an old related object, we need to clear out its
            # cache. This cache also might not exist if the related object
            # hasn't been accessed yet.
            if related is not None:
                setattr(related, self.field.rel.get_cache_name(), None)

            for lh_field, rh_field in self.field.related_fields:
                setattr(instance, lh_field.attname, None)

        # Set the values of the related field.
        else:
            for lh_field, rh_field in self.field.related_fields:
                setattr(instance, lh_field.attname, getattr(value, rh_field.attname))

        # Since we already know what the related object is, seed the related
        # object caches now, too. This avoids another db hit if you get the
        # object you just set.
        setattr(instance, self.cache_name, value)
        if value is not None and not self.field.rel.multiple:
            setattr(value, self.field.rel.get_cache_name(), instance)


def create_foreign_related_manager(superclass, rel_field, rel_model):
    class RelatedManager(superclass):
        def __init__(self, instance):
            super(RelatedManager, self).__init__()
            self.instance = instance
            self.core_filters = {rel_field.name: instance}
            self.model = rel_model

        def __call__(self, **kwargs):
            # We use **kwargs rather than a kwarg argument to enforce the
            # `manager='manager_name'` syntax.
            manager = getattr(self.model, kwargs.pop('manager'))
            manager_class = create_foreign_related_manager(manager.__class__, rel_field, rel_model)
            return manager_class(self.instance)
        do_not_call_in_templates = True

        def get_queryset(self):
            try:
                return self.instance._prefetched_objects_cache[rel_field.related_query_name()]
            except (AttributeError, KeyError):
                db = self._db or router.db_for_read(self.model, instance=self.instance)
                empty_strings_as_null = connections[db].features.interprets_empty_strings_as_nulls
                qs = super(RelatedManager, self).get_queryset()
                qs._add_hints(instance=self.instance)
                if self._db:
                    qs = qs.using(self._db)
                qs = qs.filter(**self.core_filters)
                for field in rel_field.foreign_related_fields:
                    val = getattr(self.instance, field.attname)
                    if val is None or (val == '' and empty_strings_as_null):
                        return qs.none()
                qs._known_related_objects = {rel_field: {self.instance.pk: self.instance}}
                return qs

        def get_prefetch_queryset(self, instances, queryset=None):
            if queryset is None:
                queryset = super(RelatedManager, self).get_queryset()

            queryset._add_hints(instance=instances[0])
            queryset = queryset.using(queryset._db or self._db)

            rel_obj_attr = rel_field.get_local_related_value
            instance_attr = rel_field.get_foreign_related_value
            instances_dict = {instance_attr(inst): inst for inst in instances}
            query = {'%s__in' % rel_field.name: instances}
            queryset = queryset.filter(**query)

            # Since we just bypassed this class' get_queryset(), we must manage
            # the reverse relation manually.
            for rel_obj in queryset:
                instance = instances_dict[rel_obj_attr(rel_obj)]
                setattr(rel_obj, rel_field.name, instance)
            cache_name = rel_field.related_query_name()
            return queryset, rel_obj_attr, instance_attr, False, cache_name

        def add(self, *objs):
            objs = list(objs)
            db = router.db_for_write(self.model, instance=self.instance)
            with transaction.atomic(using=db, savepoint=False):
                for obj in objs:
                    if not isinstance(obj, self.model):
                        raise TypeError("'%s' instance expected, got %r" %
                                        (self.model._meta.object_name, obj))
                    setattr(obj, rel_field.name, self.instance)
                    obj.save()
        add.alters_data = True

        def create(self, **kwargs):
            kwargs[rel_field.name] = self.instance
            db = router.db_for_write(self.model, instance=self.instance)
            return super(RelatedManager, self.db_manager(db)).create(**kwargs)
        create.alters_data = True

        def get_or_create(self, **kwargs):
            kwargs[rel_field.name] = self.instance
            db = router.db_for_write(self.model, instance=self.instance)
            return super(RelatedManager, self.db_manager(db)).get_or_create(**kwargs)
        get_or_create.alters_data = True

        def update_or_create(self, **kwargs):
            kwargs[rel_field.name] = self.instance
            db = router.db_for_write(self.model, instance=self.instance)
            return super(RelatedManager, self.db_manager(db)).update_or_create(**kwargs)
        update_or_create.alters_data = True

        # remove() and clear() are only provided if the ForeignKey can have a value of null.
        if rel_field.null:
            def remove(self, *objs, **kwargs):
                if not objs:
                    return
                bulk = kwargs.pop('bulk', True)
                val = rel_field.get_foreign_related_value(self.instance)
                old_ids = set()
                for obj in objs:
                    # Is obj actually part of this descriptor set?
                    if rel_field.get_local_related_value(obj) == val:
                        old_ids.add(obj.pk)
                    else:
                        raise rel_field.rel.to.DoesNotExist("%r is not related to %r." % (obj, self.instance))
                self._clear(self.filter(pk__in=old_ids), bulk)
            remove.alters_data = True

            def clear(self, **kwargs):
                bulk = kwargs.pop('bulk', True)
                self._clear(self, bulk)
            clear.alters_data = True

            def _clear(self, queryset, bulk):
                db = router.db_for_write(self.model, instance=self.instance)
                queryset = queryset.using(db)
                if bulk:
                    # `QuerySet.update()` is intrinsically atomic.
                    queryset.update(**{rel_field.name: None})
                else:
                    with transaction.atomic(using=db, savepoint=False):
                        for obj in queryset:
                            setattr(obj, rel_field.name, None)
                            obj.save(update_fields=[rel_field.name])
            _clear.alters_data = True

    return RelatedManager


class ForeignRelatedObjectsDescriptor(object):
    # This class provides the functionality that makes the related-object
    # managers available as attributes on a model class, for fields that have
    # multiple "remote" values and have a ForeignKey pointed at them by
    # some other model. In the example "poll.choice_set", the choice_set
    # attribute is a ForeignRelatedObjectsDescriptor instance.
    def __init__(self, related):
        self.related = related   # RelatedObject instance

    def __get__(self, instance, instance_type=None):
        if instance is None:
            return self

        return self.related_manager_cls(instance)

    def __set__(self, instance, value):
        # Force evaluation of `value` in case it's a queryset whose
        # value could be affected by `manager.clear()`. Refs #19816.
        value = tuple(value)

        manager = self.__get__(instance)
        db = router.db_for_write(manager.model, instance=manager.instance)
        with transaction.atomic(using=db, savepoint=False):
            # If the foreign key can support nulls, then completely clear the related set.
            # Otherwise, just move the named objects into the set.
            if self.related.field.null:
                manager.clear()
            manager.add(*value)

    @cached_property
    def related_manager_cls(self):
        # Dynamically create a class that subclasses the related model's default
        # manager.
        return create_foreign_related_manager(
            self.related.related_model._default_manager.__class__,
            self.related.field,
            self.related.related_model,
        )


def create_many_related_manager(superclass, rel):
    """Creates a manager that subclasses 'superclass' (which is a Manager)
    and adds behavior for many-to-many related objects."""
    class ManyRelatedManager(superclass):
        def __init__(self, model=None, query_field_name=None, instance=None, symmetrical=None,
                     source_field_name=None, target_field_name=None, reverse=False,
                     through=None, prefetch_cache_name=None):
            super(ManyRelatedManager, self).__init__()
            self.model = model
            self.query_field_name = query_field_name

            source_field = through._meta.get_field(source_field_name)
            source_related_fields = source_field.related_fields

            self.core_filters = {}
            for lh_field, rh_field in source_related_fields:
                self.core_filters['%s__%s' % (query_field_name, rh_field.name)] = getattr(instance, rh_field.attname)

            self.instance = instance
            self.symmetrical = symmetrical
            self.source_field = source_field
            self.target_field = through._meta.get_field(target_field_name)
            self.source_field_name = source_field_name
            self.target_field_name = target_field_name
            self.reverse = reverse
            self.through = through
            self.prefetch_cache_name = prefetch_cache_name
            self.related_val = source_field.get_foreign_related_value(instance)
            if None in self.related_val:
                raise ValueError('"%r" needs to have a value for field "%s" before '
                                 'this many-to-many relationship can be used.' %
                                 (instance, source_field_name))
            # Even if this relation is not to pk, we require still pk value.
            # The wish is that the instance has been already saved to DB,
            # although having a pk value isn't a guarantee of that.
            if instance.pk is None:
                raise ValueError("%r instance needs to have a primary key value before "
                                 "a many-to-many relationship can be used." %
                                 instance.__class__.__name__)

        def __call__(self, **kwargs):
            # We use **kwargs rather than a kwarg argument to enforce the
            # `manager='manager_name'` syntax.
            manager = getattr(self.model, kwargs.pop('manager'))
            manager_class = create_many_related_manager(manager.__class__, rel)
            return manager_class(
                model=self.model,
                query_field_name=self.query_field_name,
                instance=self.instance,
                symmetrical=self.symmetrical,
                source_field_name=self.source_field_name,
                target_field_name=self.target_field_name,
                reverse=self.reverse,
                through=self.through,
                prefetch_cache_name=self.prefetch_cache_name,
            )
        do_not_call_in_templates = True

        def _build_remove_filters(self, removed_vals):
            filters = Q(**{self.source_field_name: self.related_val})
            # No need to add a subquery condition if removed_vals is a QuerySet without
            # filters.
            removed_vals_filters = (not isinstance(removed_vals, QuerySet) or
                                    removed_vals._has_filters())
            if removed_vals_filters:
                filters &= Q(**{'%s__in' % self.target_field_name: removed_vals})
            if self.symmetrical:
                symmetrical_filters = Q(**{self.target_field_name: self.related_val})
                if removed_vals_filters:
                    symmetrical_filters &= Q(
                        **{'%s__in' % self.source_field_name: removed_vals})
                filters |= symmetrical_filters
            return filters

        def get_queryset(self):
            try:
                return self.instance._prefetched_objects_cache[self.prefetch_cache_name]
            except (AttributeError, KeyError):
                qs = super(ManyRelatedManager, self).get_queryset()
                qs._add_hints(instance=self.instance)
                if self._db:
                    qs = qs.using(self._db)
                return qs._next_is_sticky().filter(**self.core_filters)

        def get_prefetch_queryset(self, instances, queryset=None):
            if queryset is None:
                queryset = super(ManyRelatedManager, self).get_queryset()

            queryset._add_hints(instance=instances[0])
            queryset = queryset.using(queryset._db or self._db)

            query = {'%s__in' % self.query_field_name: instances}
            queryset = queryset._next_is_sticky().filter(**query)

            # M2M: need to annotate the query in order to get the primary model
            # that the secondary model was actually related to. We know that
            # there will already be a join on the join table, so we can just add
            # the select.

            # For non-autocreated 'through' models, can't assume we are
            # dealing with PK values.
            fk = self.through._meta.get_field(self.source_field_name)
            join_table = self.through._meta.db_table
            connection = connections[queryset.db]
            qn = connection.ops.quote_name
            queryset = queryset.extra(select={
                '_prefetch_related_val_%s' % f.attname:
                '%s.%s' % (qn(join_table), qn(f.column)) for f in fk.local_related_fields})
            return (
                queryset,
                lambda result: tuple(
                    getattr(result, '_prefetch_related_val_%s' % f.attname)
                    for f in fk.local_related_fields
                ),
                lambda inst: tuple(
                    f.get_db_prep_value(getattr(inst, f.attname), connection)
                    for f in fk.foreign_related_fields
                ),
                False,
                self.prefetch_cache_name,
            )

        def add(self, *objs):
            if not rel.through._meta.auto_created:
                opts = self.through._meta
                raise AttributeError(
                    "Cannot use add() on a ManyToManyField which specifies an "
                    "intermediary model. Use %s.%s's Manager instead." %
                    (opts.app_label, opts.object_name)
                )

            db = router.db_for_write(self.through, instance=self.instance)
            with transaction.atomic(using=db, savepoint=False):
                self._add_items(self.source_field_name, self.target_field_name, *objs)

                # If this is a symmetrical m2m relation to self, add the mirror entry in the m2m table
                if self.symmetrical:
                    self._add_items(self.target_field_name, self.source_field_name, *objs)
        add.alters_data = True

        def remove(self, *objs):
            if not rel.through._meta.auto_created:
                opts = self.through._meta
                raise AttributeError(
                    "Cannot use remove() on a ManyToManyField which specifies "
                    "an intermediary model. Use %s.%s's Manager instead." %
                    (opts.app_label, opts.object_name)
                )
            self._remove_items(self.source_field_name, self.target_field_name, *objs)
        remove.alters_data = True

        def clear(self):
            db = router.db_for_write(self.through, instance=self.instance)
            with transaction.atomic(using=db, savepoint=False):
                signals.m2m_changed.send(sender=self.through, action="pre_clear",
                    instance=self.instance, reverse=self.reverse,
                    model=self.model, pk_set=None, using=db)

                filters = self._build_remove_filters(super(ManyRelatedManager, self).get_queryset().using(db))
                self.through._default_manager.using(db).filter(filters).delete()

                signals.m2m_changed.send(sender=self.through, action="post_clear",
                    instance=self.instance, reverse=self.reverse,
                    model=self.model, pk_set=None, using=db)
        clear.alters_data = True

        def create(self, **kwargs):
            # This check needs to be done here, since we can't later remove this
            # from the method lookup table, as we do with add and remove.
            if not self.through._meta.auto_created:
                opts = self.through._meta
                raise AttributeError(
                    "Cannot use create() on a ManyToManyField which specifies "
                    "an intermediary model. Use %s.%s's Manager instead." %
                    (opts.app_label, opts.object_name)
                )
            db = router.db_for_write(self.instance.__class__, instance=self.instance)
            new_obj = super(ManyRelatedManager, self.db_manager(db)).create(**kwargs)
            self.add(new_obj)
            return new_obj
        create.alters_data = True

        def get_or_create(self, **kwargs):
            db = router.db_for_write(self.instance.__class__, instance=self.instance)
            obj, created = super(ManyRelatedManager, self.db_manager(db)).get_or_create(**kwargs)
            # We only need to add() if created because if we got an object back
            # from get() then the relationship already exists.
            if created:
                self.add(obj)
            return obj, created
        get_or_create.alters_data = True

        def update_or_create(self, **kwargs):
            db = router.db_for_write(self.instance.__class__, instance=self.instance)
            obj, created = super(ManyRelatedManager, self.db_manager(db)).update_or_create(**kwargs)
            # We only need to add() if created because if we got an object back
            # from get() then the relationship already exists.
            if created:
                self.add(obj)
            return obj, created
        update_or_create.alters_data = True

        def _add_items(self, source_field_name, target_field_name, *objs):
            # source_field_name: the PK fieldname in join table for the source object
            # target_field_name: the PK fieldname in join table for the target object
            # *objs - objects to add. Either object instances, or primary keys of object instances.

            # If there aren't any objects, there is nothing to do.
            from django.db.models import Model
            if objs:
                new_ids = set()
                for obj in objs:
                    if isinstance(obj, self.model):
                        if not router.allow_relation(obj, self.instance):
                            raise ValueError(
                                'Cannot add "%r": instance is on database "%s", value is on database "%s"' %
                                (obj, self.instance._state.db, obj._state.db)
                            )
                        fk_val = self.through._meta.get_field(
                            target_field_name).get_foreign_related_value(obj)[0]
                        if fk_val is None:
                            raise ValueError(
                                'Cannot add "%r": the value for field "%s" is None' %
                                (obj, target_field_name)
                            )
                        new_ids.add(fk_val)
                    elif isinstance(obj, Model):
                        raise TypeError(
                            "'%s' instance expected, got %r" %
                            (self.model._meta.object_name, obj)
                        )
                    else:
                        new_ids.add(obj)

                db = router.db_for_write(self.through, instance=self.instance)
                vals = (self.through._default_manager.using(db)
                        .values_list(target_field_name, flat=True)
                        .filter(**{
                            source_field_name: self.related_val[0],
                            '%s__in' % target_field_name: new_ids,
                        }))
                new_ids = new_ids - set(vals)

                with transaction.atomic(using=db, savepoint=False):
                    if self.reverse or source_field_name == self.source_field_name:
                        # Don't send the signal when we are inserting the
                        # duplicate data row for symmetrical reverse entries.
                        signals.m2m_changed.send(sender=self.through, action='pre_add',
                            instance=self.instance, reverse=self.reverse,
                            model=self.model, pk_set=new_ids, using=db)

                    # Add the ones that aren't there already
                    self.through._default_manager.using(db).bulk_create([
                        self.through(**{
                            '%s_id' % source_field_name: self.related_val[0],
                            '%s_id' % target_field_name: obj_id,
                        })
                        for obj_id in new_ids
                    ])

                    if self.reverse or source_field_name == self.source_field_name:
                        # Don't send the signal when we are inserting the
                        # duplicate data row for symmetrical reverse entries.
                        signals.m2m_changed.send(sender=self.through, action='post_add',
                            instance=self.instance, reverse=self.reverse,
                            model=self.model, pk_set=new_ids, using=db)

        def _remove_items(self, source_field_name, target_field_name, *objs):
            # source_field_name: the PK colname in join table for the source object
            # target_field_name: the PK colname in join table for the target object
            # *objs - objects to remove
            if not objs:
                return

            # Check that all the objects are of the right type
            old_ids = set()
            for obj in objs:
                if isinstance(obj, self.model):
                    fk_val = self.target_field.get_foreign_related_value(obj)[0]
                    old_ids.add(fk_val)
                else:
                    old_ids.add(obj)

            db = router.db_for_write(self.through, instance=self.instance)
            with transaction.atomic(using=db, savepoint=False):
                # Send a signal to the other end if need be.
                signals.m2m_changed.send(sender=self.through, action="pre_remove",
                    instance=self.instance, reverse=self.reverse,
                    model=self.model, pk_set=old_ids, using=db)
                target_model_qs = super(ManyRelatedManager, self).get_queryset()
                if target_model_qs._has_filters():
                    old_vals = target_model_qs.using(db).filter(**{
                        '%s__in' % self.target_field.related_field.attname: old_ids})
                else:
                    old_vals = old_ids
                filters = self._build_remove_filters(old_vals)
                self.through._default_manager.using(db).filter(filters).delete()

                signals.m2m_changed.send(sender=self.through, action="post_remove",
                    instance=self.instance, reverse=self.reverse,
                    model=self.model, pk_set=old_ids, using=db)

    return ManyRelatedManager


class ManyRelatedObjectsDescriptor(object):
    # This class provides the functionality that makes the related-object
    # managers available as attributes on a model class, for fields that have
    # multiple "remote" values and have a ManyToManyField pointed at them by
    # some other model (rather than having a ManyToManyField themselves).
    # In the example "publication.article_set", the article_set attribute is a
    # ManyRelatedObjectsDescriptor instance.
    def __init__(self, related):
        self.related = related   # RelatedObject instance

    @cached_property
    def related_manager_cls(self):
        # Dynamically create a class that subclasses the related
        # model's default manager.
        return create_many_related_manager(
            self.related.related_model._default_manager.__class__,
            self.related.field.rel
        )

    def __get__(self, instance, instance_type=None):
        if instance is None:
            return self

        rel_model = self.related.related_model

        manager = self.related_manager_cls(
            model=rel_model,
            query_field_name=self.related.field.name,
            prefetch_cache_name=self.related.field.related_query_name(),
            instance=instance,
            symmetrical=False,
            source_field_name=self.related.field.m2m_reverse_field_name(),
            target_field_name=self.related.field.m2m_field_name(),
            reverse=True,
            through=self.related.field.rel.through,
        )

        return manager

    def __set__(self, instance, value):
        if not self.related.field.rel.through._meta.auto_created:
            opts = self.related.field.rel.through._meta
            raise AttributeError(
                "Cannot set values on a ManyToManyField which specifies an "
                "intermediary model. Use %s.%s's Manager instead." % (opts.app_label, opts.object_name)
            )

        # Force evaluation of `value` in case it's a queryset whose
        # value could be affected by `manager.clear()`. Refs #19816.
        value = tuple(value)

        manager = self.__get__(instance)
        db = router.db_for_write(manager.through, instance=manager.instance)
        with transaction.atomic(using=db, savepoint=False):
            manager.clear()
            manager.add(*value)


class ReverseManyRelatedObjectsDescriptor(object):
    # This class provides the functionality that makes the related-object
    # managers available as attributes on a model class, for fields that have
    # multiple "remote" values and have a ManyToManyField defined in their
    # model (rather than having another model pointed *at* them).
    # In the example "article.publications", the publications attribute is a
    # ReverseManyRelatedObjectsDescriptor instance.
    def __init__(self, m2m_field):
        self.field = m2m_field

    @property
    def through(self):
        # through is provided so that you have easy access to the through
        # model (Book.authors.through) for inlines, etc. This is done as
        # a property to ensure that the fully resolved value is returned.
        return self.field.rel.through

    @cached_property
    def related_manager_cls(self):
        # Dynamically create a class that subclasses the related model's
        # default manager.
        return create_many_related_manager(
            self.field.rel.to._default_manager.__class__,
            self.field.rel
        )

    def __get__(self, instance, instance_type=None):
        if instance is None:
            return self

        manager = self.related_manager_cls(
            model=self.field.rel.to,
            query_field_name=self.field.related_query_name(),
            prefetch_cache_name=self.field.name,
            instance=instance,
            symmetrical=self.field.rel.symmetrical,
            source_field_name=self.field.m2m_field_name(),
            target_field_name=self.field.m2m_reverse_field_name(),
            reverse=False,
            through=self.field.rel.through,
        )

        return manager

    def __set__(self, instance, value):
        if not self.field.rel.through._meta.auto_created:
            opts = self.field.rel.through._meta
            raise AttributeError(
                "Cannot set values on a ManyToManyField which specifies an "
                "intermediary model.  Use %s.%s's Manager instead." % (opts.app_label, opts.object_name)
            )

        # Force evaluation of `value` in case it's a queryset whose
        # value could be affected by `manager.clear()`. Refs #19816.
        value = tuple(value)

        manager = self.__get__(instance)
        db = router.db_for_write(manager.through, instance=manager.instance)
        with transaction.atomic(using=db, savepoint=False):
            manager.clear()
            manager.add(*value)


class ForeignObjectRel(object):
    # Field flags
    auto_created = True
    concrete = False
    editable = False
    is_relation = True

    def __init__(self, field, to, related_name=None, limit_choices_to=None,
                 parent_link=False, on_delete=None, related_query_name=None):
        self.field = field
        self.to = to
        self.related_name = related_name
        self.related_query_name = related_query_name
        self.limit_choices_to = {} if limit_choices_to is None else limit_choices_to
        self.multiple = True
        self.parent_link = parent_link
        self.on_delete = on_delete
        self.symmetrical = False

    # Some of the following cached_properties can't be initialized in
    # __init__ as the field doesn't have its model yet. Calling these methods
    # before field.contribute_to_class() has been called will result in
    # AttributeError
    @cached_property
    def model(self):
        return self.to

    @cached_property
    def hidden(self):
        return self.is_hidden()

    @cached_property
    def name(self):
        return self.field.related_query_name()

    @cached_property
    def related_model(self):
        if not self.field.model:
            raise AttributeError(
                "This property can't be accessed before self.field.contribute_to_class has been called.")
        return self.field.model

    @cached_property
    def many_to_many(self):
        return self.field.many_to_many

    @cached_property
    def many_to_one(self):
        return self.field.one_to_many

    @cached_property
    def one_to_many(self):
        return self.field.many_to_one

    @cached_property
    def one_to_one(self):
        return self.field.one_to_one

    def __repr__(self):
        return '<%s: %s.%s>' % (
            type(self).__name__,
            self.related_model._meta.app_label,
            self.related_model._meta.model_name,
        )

    def get_choices(self, include_blank=True, blank_choice=BLANK_CHOICE_DASH,
                    limit_to_currently_related=False):
        """
        Returns choices with a default blank choices included, for use as
        SelectField choices for this field.

        Analog of django.db.models.fields.Field.get_choices(), provided
        initially for utilization by RelatedFieldListFilter.
        """
        first_choice = blank_choice if include_blank else []
        queryset = self.related_model._default_manager.all()
        if limit_to_currently_related:
            queryset = queryset.complex_filter(
                {'%s__isnull' % self.related_model._meta.model_name: False}
            )
        lst = [(x._get_pk_val(), smart_text(x)) for x in queryset]
        return first_choice + lst

    def get_db_prep_lookup(self, lookup_type, value, connection, prepared=False):
        # Defer to the actual field definition for db prep
        return self.field.get_db_prep_lookup(lookup_type, value, connection=connection, prepared=prepared)

    def is_hidden(self):
        "Should the related object be hidden?"
        return self.related_name is not None and self.related_name[-1] == '+'

    def get_joining_columns(self):
        return self.field.get_reverse_joining_columns()

    def get_extra_restriction(self, where_class, alias, related_alias):
        return self.field.get_extra_restriction(where_class, related_alias, alias)

    def set_field_name(self):
        """
        Sets the related field's name, this is not available until later stages
        of app loading, so set_field_name is called from
        set_attributes_from_rel()
        """
        # By default foreign object doesn't relate to any remote field (for
        # example custom multicolumn joins currently have no remote field).
        self.field_name = None

    def get_accessor_name(self, model=None):
        # This method encapsulates the logic that decides what name to give an
        # accessor descriptor that retrieves related many-to-one or
        # many-to-many objects. It uses the lower-cased object_name + "_set",
        # but this can be overridden with the "related_name" option.
        # Due to backwards compatibility ModelForms need to be able to provide
        # an alternate model. See BaseInlineFormSet.get_default_prefix().
        opts = model._meta if model else self.related_model._meta
        model = model or self.related_model
        if self.multiple:
            # If this is a symmetrical m2m relation on self, there is no reverse accessor.
            if self.symmetrical and model == self.to:
                return None
        if self.related_name:
            return self.related_name
        if opts.default_related_name:
            return opts.default_related_name % {
                'model_name': opts.model_name.lower(),
                'app_label': opts.app_label.lower(),
            }
        return opts.model_name + ('_set' if self.multiple else '')

    def get_cache_name(self):
        return "_%s_cache" % self.get_accessor_name()

    def get_path_info(self):
        return self.field.get_reverse_path_info()


class ManyToOneRel(ForeignObjectRel):
    def __init__(self, field, to, field_name, related_name=None, limit_choices_to=None,
                 parent_link=False, on_delete=None, related_query_name=None):
        super(ManyToOneRel, self).__init__(
            field, to, related_name=related_name, limit_choices_to=limit_choices_to,
            parent_link=parent_link, on_delete=on_delete, related_query_name=related_query_name)
        self.field_name = field_name

    def __getstate__(self):
        state = self.__dict__.copy()
        state.pop('related_model', None)
        return state

    def get_related_field(self):
        """
        Returns the Field in the 'to' object to which this relationship is
        tied.
        """
        field = self.to._meta.get_field(self.field_name)
        if not field.concrete:
            raise FieldDoesNotExist("No related field named '%s'" %
                    self.field_name)
        return field

    def set_field_name(self):
        self.field_name = self.field_name or self.to._meta.pk.name


class OneToOneRel(ManyToOneRel):
    def __init__(self, field, to, field_name, related_name=None, limit_choices_to=None,
                 parent_link=False, on_delete=None, related_query_name=None):
        super(OneToOneRel, self).__init__(field, to, field_name,
                related_name=related_name, limit_choices_to=limit_choices_to,
                parent_link=parent_link, on_delete=on_delete, related_query_name=related_query_name)
        self.multiple = False


class ManyToManyRel(ForeignObjectRel):
    def __init__(self, field, to, related_name=None, limit_choices_to=None,
                 symmetrical=True, through=None, through_fields=None,
                 db_constraint=True, related_query_name=None):
        if through and not db_constraint:
            raise ValueError("Can't supply a through model and db_constraint=False")
        if through_fields and not through:
            raise ValueError("Cannot specify through_fields without a through model")
        super(ManyToManyRel, self).__init__(
            field, to, related_name=related_name,
            limit_choices_to=limit_choices_to, related_query_name=related_query_name)
        self.symmetrical = symmetrical
        self.multiple = True
        self.through = through
        self.through_fields = through_fields
        self.db_constraint = db_constraint

    def is_hidden(self):
        "Should the related object be hidden?"
        return self.related_name is not None and self.related_name[-1] == '+'

    def get_related_field(self):
        """
        Returns the field in the 'to' object to which this relationship is tied.
        Provided for symmetry with ManyToOneRel.
        """
        opts = self.through._meta
        if self.through_fields:
            field = opts.get_field(self.through_fields[0])
        else:
            for field in opts.fields:
                rel = getattr(field, 'rel', None)
                if rel and rel.to == self.to:
                    break
        return field.foreign_related_fields[0]


class ForeignObject(RelatedField):
    # Field flags
    many_to_many = False
    many_to_one = True
    one_to_many = False
    one_to_one = False

    # For backwards compatibility; ignored as of Django 1.8.4.
    allow_unsaved_instance_assignment = False
    requires_unique_target = True
    related_accessor_class = ForeignRelatedObjectsDescriptor

    def __init__(self, to, from_fields, to_fields, swappable=True, **kwargs):
        self.from_fields = from_fields
        self.to_fields = to_fields
        self.swappable = swappable

        if 'rel' not in kwargs:
            kwargs['rel'] = ForeignObjectRel(
                self, to,
                related_name=kwargs.pop('related_name', None),
                related_query_name=kwargs.pop('related_query_name', None),
                limit_choices_to=kwargs.pop('limit_choices_to', None),
                parent_link=kwargs.pop('parent_link', False),
                on_delete=kwargs.pop('on_delete', CASCADE),
            )
        kwargs['verbose_name'] = kwargs.get('verbose_name', None)

        super(ForeignObject, self).__init__(**kwargs)

    def check(self, **kwargs):
        errors = super(ForeignObject, self).check(**kwargs)
        errors.extend(self._check_unique_target())
        return errors

    def _check_unique_target(self):
        rel_is_string = isinstance(self.rel.to, six.string_types)
        if rel_is_string or not self.requires_unique_target:
            return []

        # Skip if the
        try:
            self.foreign_related_fields
        except FieldDoesNotExist:
            return []

        try:
            self.rel
        except AttributeError:
            return []

        has_unique_field = any(rel_field.unique
            for rel_field in self.foreign_related_fields)
        if not has_unique_field and len(self.foreign_related_fields) > 1:
            field_combination = ', '.join("'%s'" % rel_field.name
                for rel_field in self.foreign_related_fields)
            model_name = self.rel.to.__name__
            return [
                checks.Error(
                    "None of the fields %s on model '%s' have a unique=True constraint."
                    % (field_combination, model_name),
                    hint=None,
                    obj=self,
                    id='fields.E310',
                )
            ]
        elif not has_unique_field:
            field_name = self.foreign_related_fields[0].name
            model_name = self.rel.to.__name__
            return [
                checks.Error(
                    ("'%s.%s' must set unique=True "
                     "because it is referenced by a foreign key.") % (model_name, field_name),
                    hint=None,
                    obj=self,
                    id='fields.E311',
                )
            ]
        else:
            return []

    def deconstruct(self):
        name, path, args, kwargs = super(ForeignObject, self).deconstruct()
        kwargs['from_fields'] = self.from_fields
        kwargs['to_fields'] = self.to_fields
        if self.rel.related_name is not None:
            kwargs['related_name'] = self.rel.related_name
        if self.rel.related_query_name is not None:
            kwargs['related_query_name'] = self.rel.related_query_name
        if self.rel.on_delete != CASCADE:
            kwargs['on_delete'] = self.rel.on_delete
        if self.rel.parent_link:
            kwargs['parent_link'] = self.rel.parent_link
        # Work out string form of "to"
        if isinstance(self.rel.to, six.string_types):
            kwargs['to'] = self.rel.to
        else:
            kwargs['to'] = "%s.%s" % (self.rel.to._meta.app_label, self.rel.to._meta.object_name)
        # If swappable is True, then see if we're actually pointing to the target
        # of a swap.
        swappable_setting = self.swappable_setting
        if swappable_setting is not None:
            # If it's already a settings reference, error
            if hasattr(kwargs['to'], "setting_name"):
                if kwargs['to'].setting_name != swappable_setting:
                    raise ValueError(
                        "Cannot deconstruct a ForeignKey pointing to a model "
                        "that is swapped in place of more than one model (%s and %s)"
                        % (kwargs['to'].setting_name, swappable_setting)
                    )
            # Set it
            from django.db.migrations.writer import SettingsReference
            kwargs['to'] = SettingsReference(
                kwargs['to'],
                swappable_setting,
            )
        return name, path, args, kwargs

    def resolve_related_fields(self):
        if len(self.from_fields) < 1 or len(self.from_fields) != len(self.to_fields):
            raise ValueError('Foreign Object from and to fields must be the same non-zero length')
        if isinstance(self.rel.to, six.string_types):
            raise ValueError('Related model %r cannot be resolved' % self.rel.to)
        related_fields = []
        for index in range(len(self.from_fields)):
            from_field_name = self.from_fields[index]
            to_field_name = self.to_fields[index]
            from_field = (self if from_field_name == 'self'
                          else self.opts.get_field(from_field_name))
            to_field = (self.rel.to._meta.pk if to_field_name is None
                        else self.rel.to._meta.get_field(to_field_name))
            related_fields.append((from_field, to_field))
        return related_fields

    @property
    def related_fields(self):
        if not hasattr(self, '_related_fields'):
            self._related_fields = self.resolve_related_fields()
        return self._related_fields

    @property
    def reverse_related_fields(self):
        return [(rhs_field, lhs_field) for lhs_field, rhs_field in self.related_fields]

    @property
    def local_related_fields(self):
        return tuple(lhs_field for lhs_field, rhs_field in self.related_fields)

    @property
    def foreign_related_fields(self):
        return tuple(rhs_field for lhs_field, rhs_field in self.related_fields)

    def get_local_related_value(self, instance):
        return self.get_instance_value_for_fields(instance, self.local_related_fields)

    def get_foreign_related_value(self, instance):
        return self.get_instance_value_for_fields(instance, self.foreign_related_fields)

    @staticmethod
    def get_instance_value_for_fields(instance, fields):
        ret = []
        opts = instance._meta
        for field in fields:
            # Gotcha: in some cases (like fixture loading) a model can have
            # different values in parent_ptr_id and parent's id. So, use
            # instance.pk (that is, parent_ptr_id) when asked for instance.id.
            if field.primary_key:
                possible_parent_link = opts.get_ancestor_link(field.model)
                if (not possible_parent_link or
                        possible_parent_link.primary_key or
                        possible_parent_link.model._meta.abstract):
                    ret.append(instance.pk)
                    continue
            ret.append(getattr(instance, field.attname))
        return tuple(ret)

    def get_attname_column(self):
        attname, column = super(ForeignObject, self).get_attname_column()
        return attname, None

    def get_joining_columns(self, reverse_join=False):
        source = self.reverse_related_fields if reverse_join else self.related_fields
        return tuple((lhs_field.column, rhs_field.column) for lhs_field, rhs_field in source)

    def get_reverse_joining_columns(self):
        return self.get_joining_columns(reverse_join=True)

    def get_extra_descriptor_filter(self, instance):
        """
        Returns an extra filter condition for related object fetching when
        user does 'instance.fieldname', that is the extra filter is used in
        the descriptor of the field.

        The filter should be either a dict usable in .filter(**kwargs) call or
        a Q-object. The condition will be ANDed together with the relation's
        joining columns.

        A parallel method is get_extra_restriction() which is used in
        JOIN and subquery conditions.
        """
        return {}

    def get_extra_restriction(self, where_class, alias, related_alias):
        """
        Returns a pair condition used for joining and subquery pushdown. The
        condition is something that responds to as_sql(compiler, connection)
        method.

        Note that currently referring both the 'alias' and 'related_alias'
        will not work in some conditions, like subquery pushdown.

        A parallel method is get_extra_descriptor_filter() which is used in
        instance.fieldname related object fetching.
        """
        return None

    def get_path_info(self):
        """
        Get path from this field to the related model.
        """
        opts = self.rel.to._meta
        from_opts = self.model._meta
        return [PathInfo(from_opts, opts, self.foreign_related_fields, self, False, True)]

    def get_reverse_path_info(self):
        """
        Get path from the related model to this field's model.
        """
        opts = self.model._meta
        from_opts = self.rel.to._meta
        pathinfos = [PathInfo(from_opts, opts, (opts.pk,), self.rel, not self.unique, False)]
        return pathinfos

    def get_lookup_constraint(self, constraint_class, alias, targets, sources, lookups,
                              raw_value):
        from django.db.models.sql.where import SubqueryConstraint, AND, OR
        root_constraint = constraint_class()
        assert len(targets) == len(sources)
        if len(lookups) > 1:
            raise exceptions.FieldError('Relation fields do not support nested lookups')
        lookup_type = lookups[0]

        def get_normalized_value(value):
            from django.db.models import Model
            if isinstance(value, Model):
                value_list = []
                for source in sources:
                    # Account for one-to-one relations when sent a different model
                    while not isinstance(value, source.model) and source.rel:
                        source = source.rel.to._meta.get_field(source.rel.field_name)
                    value_list.append(getattr(value, source.attname))
                return tuple(value_list)
            elif not isinstance(value, tuple):
                return (value,)
            return value

        is_multicolumn = len(self.related_fields) > 1
        if (hasattr(raw_value, '_as_sql') or
                hasattr(raw_value, 'get_compiler')):
            root_constraint.add(SubqueryConstraint(alias, [target.column for target in targets],
                                                   [source.name for source in sources], raw_value),
                                AND)
        elif lookup_type == 'isnull':
            root_constraint.add(IsNull(targets[0].get_col(alias, sources[0]), raw_value), AND)
        elif (lookup_type == 'exact' or (lookup_type in ['gt', 'lt', 'gte', 'lte']
                                         and not is_multicolumn)):
            value = get_normalized_value(raw_value)
            for target, source, val in zip(targets, sources, value):
                lookup_class = target.get_lookup(lookup_type)
                root_constraint.add(
                    lookup_class(target.get_col(alias, source), val), AND)
        elif lookup_type in ['range', 'in'] and not is_multicolumn:
            values = [get_normalized_value(value) for value in raw_value]
            value = [val[0] for val in values]
            lookup_class = targets[0].get_lookup(lookup_type)
            root_constraint.add(lookup_class(targets[0].get_col(alias, sources[0]), value), AND)
        elif lookup_type == 'in':
            values = [get_normalized_value(value) for value in raw_value]
            for value in values:
                value_constraint = constraint_class()
                for source, target, val in zip(sources, targets, value):
                    lookup_class = target.get_lookup('exact')
                    lookup = lookup_class(target.get_col(alias, source), val)
                    value_constraint.add(lookup, AND)
                root_constraint.add(value_constraint, OR)
        else:
            raise TypeError('Related Field got invalid lookup: %s' % lookup_type)
        return root_constraint

    @property
    def attnames(self):
        return tuple(field.attname for field in self.local_related_fields)

    def get_defaults(self):
        return tuple(field.get_default() for field in self.local_related_fields)

    def contribute_to_class(self, cls, name, virtual_only=False):
        super(ForeignObject, self).contribute_to_class(cls, name, virtual_only=virtual_only)
        setattr(cls, self.name, ReverseSingleRelatedObjectDescriptor(self))

    def contribute_to_related_class(self, cls, related):
        # Internal FK's - i.e., those with a related name ending with '+' -
        # and swapped models don't get a related descriptor.
        if not self.rel.is_hidden() and not related.related_model._meta.swapped:
            setattr(cls, related.get_accessor_name(), self.related_accessor_class(related))
            # While 'limit_choices_to' might be a callable, simply pass
            # it along for later - this is too early because it's still
            # model load time.
            if self.rel.limit_choices_to:
                cls._meta.related_fkey_lookups.append(self.rel.limit_choices_to)


class ForeignKey(ForeignObject):
    # Field flags
    many_to_many = False
    many_to_one = True
    one_to_many = False
    one_to_one = False

    empty_strings_allowed = False
    default_error_messages = {
        'invalid': _('%(model)s instance with %(field)s %(value)r does not exist.')
    }
    description = _("Foreign Key (type determined by related field)")

    def __init__(self, to, to_field=None, rel_class=ManyToOneRel,
                 db_constraint=True, **kwargs):
        try:
            to._meta.model_name
        except AttributeError:  # to._meta doesn't exist, so it must be RECURSIVE_RELATIONSHIP_CONSTANT
            assert isinstance(to, six.string_types), (
                "%s(%r) is invalid. First parameter to ForeignKey must be "
                "either a model, a model name, or the string %r" % (
                    self.__class__.__name__, to,
                    RECURSIVE_RELATIONSHIP_CONSTANT,
                )
            )
        else:
            # For backwards compatibility purposes, we need to *try* and set
            # the to_field during FK construction. It won't be guaranteed to
            # be correct until contribute_to_class is called. Refs #12190.
            to_field = to_field or (to._meta.pk and to._meta.pk.name)

        if 'db_index' not in kwargs:
            kwargs['db_index'] = True

        self.db_constraint = db_constraint

        kwargs['rel'] = rel_class(
            self, to, to_field,
            related_name=kwargs.pop('related_name', None),
            related_query_name=kwargs.pop('related_query_name', None),
            limit_choices_to=kwargs.pop('limit_choices_to', None),
            parent_link=kwargs.pop('parent_link', False),
            on_delete=kwargs.pop('on_delete', CASCADE),
        )
        super(ForeignKey, self).__init__(to, ['self'], [to_field], **kwargs)

    def check(self, **kwargs):
        errors = super(ForeignKey, self).check(**kwargs)
        errors.extend(self._check_on_delete())
        errors.extend(self._check_unique())
        return errors

    def _check_on_delete(self):
        on_delete = getattr(self.rel, 'on_delete', None)
        if on_delete == SET_NULL and not self.null:
            return [
                checks.Error(
                    'Field specifies on_delete=SET_NULL, but cannot be null.',
                    hint='Set null=True argument on the field, or change the on_delete rule.',
                    obj=self,
                    id='fields.E320',
                )
            ]
        elif on_delete == SET_DEFAULT and not self.has_default():
            return [
                checks.Error(
                    'Field specifies on_delete=SET_DEFAULT, but has no default value.',
                    hint='Set a default value, or change the on_delete rule.',
                    obj=self,
                    id='fields.E321',
                )
            ]
        else:
            return []

    def _check_unique(self, **kwargs):
        return [
            checks.Warning(
                'Setting unique=True on a ForeignKey has the same effect as using a OneToOneField.',
                hint='ForeignKey(unique=True) is usually better served by a OneToOneField.',
                obj=self,
                id='fields.W342',
            )
        ] if self.unique else []

    def deconstruct(self):
        name, path, args, kwargs = super(ForeignKey, self).deconstruct()
        del kwargs['to_fields']
        del kwargs['from_fields']
        # Handle the simpler arguments
        if self.db_index:
            del kwargs['db_index']
        else:
            kwargs['db_index'] = False
        if self.db_constraint is not True:
            kwargs['db_constraint'] = self.db_constraint
        # Rel needs more work.
        to_meta = getattr(self.rel.to, "_meta", None)
        if self.rel.field_name and (not to_meta or (to_meta.pk and self.rel.field_name != to_meta.pk.name)):
            kwargs['to_field'] = self.rel.field_name
        return name, path, args, kwargs

    @property
    def related_field(self):
        return self.foreign_related_fields[0]

    def get_reverse_path_info(self):
        """
        Get path from the related model to this field's model.
        """
        opts = self.model._meta
        from_opts = self.rel.to._meta
        pathinfos = [PathInfo(from_opts, opts, (opts.pk,), self.rel, not self.unique, False)]
        return pathinfos

    def validate(self, value, model_instance):
        if self.rel.parent_link:
            return
        super(ForeignKey, self).validate(value, model_instance)
        if value is None:
            return

        using = router.db_for_read(model_instance.__class__, instance=model_instance)
        qs = self.rel.to._default_manager.using(using).filter(
            **{self.rel.field_name: value}
        )
        qs = qs.complex_filter(self.get_limit_choices_to())
        if not qs.exists():
            raise exceptions.ValidationError(
                self.error_messages['invalid'],
                code='invalid',
                params={
                    'model': self.rel.to._meta.verbose_name, 'pk': value,
                    'field': self.rel.field_name, 'value': value,
                },  # 'pk' is included for backwards compatibility
            )

    def get_attname(self):
        return '%s_id' % self.name

    def get_attname_column(self):
        attname = self.get_attname()
        column = self.db_column or attname
        return attname, column

    def get_default(self):
        "Here we check if the default value is an object and return the to_field if so."
        field_default = super(ForeignKey, self).get_default()
        if isinstance(field_default, self.rel.to):
            return getattr(field_default, self.related_field.attname)
        return field_default

    def get_db_prep_save(self, value, connection):
        if value is None or (value == '' and
                             (not self.related_field.empty_strings_allowed or
                              connection.features.interprets_empty_strings_as_nulls)):
            return None
        else:
            return self.related_field.get_db_prep_save(value, connection=connection)

    def get_db_prep_value(self, value, connection, prepared=False):
        return self.related_field.get_db_prep_value(value, connection, prepared)

    def value_to_string(self, obj):
        if not obj:
            # In required many-to-one fields with only one available choice,
            # select that one available choice. Note: For SelectFields
            # we have to check that the length of choices is *2*, not 1,
            # because SelectFields always have an initial "blank" value.
            if not self.blank and self.choices:
                choice_list = self.get_choices_default()
                if len(choice_list) == 2:
                    return smart_text(choice_list[1][0])
        return super(ForeignKey, self).value_to_string(obj)

    def contribute_to_related_class(self, cls, related):
        super(ForeignKey, self).contribute_to_related_class(cls, related)
        if self.rel.field_name is None:
            self.rel.field_name = cls._meta.pk.name

    def formfield(self, **kwargs):
        db = kwargs.pop('using', None)
        if isinstance(self.rel.to, six.string_types):
            raise ValueError("Cannot create form field for %r yet, because "
                             "its related model %r has not been loaded yet" %
                             (self.name, self.rel.to))
        defaults = {
            'form_class': forms.ModelChoiceField,
            'queryset': self.rel.to._default_manager.using(db),
            'to_field_name': self.rel.field_name,
        }
        defaults.update(kwargs)
        return super(ForeignKey, self).formfield(**defaults)

    def db_type(self, connection):
        # The database column type of a ForeignKey is the column type
        # of the field to which it points. An exception is if the ForeignKey
        # points to an AutoField/PositiveIntegerField/PositiveSmallIntegerField,
        # in which case the column type is simply that of an IntegerField.
        # If the database needs similar types for key fields however, the only
        # thing we can do is making AutoField an IntegerField.
        rel_field = self.related_field
        if (isinstance(rel_field, AutoField) or
                (not connection.features.related_fields_match_type and
                isinstance(rel_field, (PositiveIntegerField,
                                       PositiveSmallIntegerField)))):
            return IntegerField().db_type(connection=connection)
        return rel_field.db_type(connection=connection)

    def db_parameters(self, connection):
        return {"type": self.db_type(connection), "check": []}

    def convert_empty_strings(self, value, expression, connection, context):
        if (not value) and isinstance(value, six.string_types):
            return None
        return value

    def get_db_converters(self, connection):
        converters = super(ForeignKey, self).get_db_converters(connection)
        if connection.features.interprets_empty_strings_as_nulls:
            converters += [self.convert_empty_strings]
        return converters

    def get_col(self, alias, output_field=None):
        return super(ForeignKey, self).get_col(alias, output_field or self.related_field)


class OneToOneField(ForeignKey):
    """
    A OneToOneField is essentially the same as a ForeignKey, with the exception
    that always carries a "unique" constraint with it and the reverse relation
    always returns the object pointed to (since there will only ever be one),
    rather than returning a list.
    """
    # Field flags
    many_to_many = False
    many_to_one = False
    one_to_many = False
    one_to_one = True

    related_accessor_class = SingleRelatedObjectDescriptor
    description = _("One-to-one relationship")

    def __init__(self, to, to_field=None, **kwargs):
        kwargs['unique'] = True
        super(OneToOneField, self).__init__(to, to_field, OneToOneRel, **kwargs)

    def deconstruct(self):
        name, path, args, kwargs = super(OneToOneField, self).deconstruct()
        if "unique" in kwargs:
            del kwargs['unique']
        return name, path, args, kwargs

    def formfield(self, **kwargs):
        if self.rel.parent_link:
            return None
        return super(OneToOneField, self).formfield(**kwargs)

    def save_form_data(self, instance, data):
        if isinstance(data, self.rel.to):
            setattr(instance, self.name, data)
        else:
            setattr(instance, self.attname, data)

    def _check_unique(self, **kwargs):
        # override ForeignKey since check isn't applicable here
        return []


def create_many_to_many_intermediary_model(field, klass):
    from django.db import models
    managed = True
    if isinstance(field.rel.to, six.string_types) and field.rel.to != RECURSIVE_RELATIONSHIP_CONSTANT:
        to_model = field.rel.to
        to = to_model.split('.')[-1]

        def set_managed(field, model, cls):
            field.rel.through._meta.managed = model._meta.managed or cls._meta.managed
        add_lazy_relation(klass, field, to_model, set_managed)
    elif isinstance(field.rel.to, six.string_types):
        to = klass._meta.object_name
        to_model = klass
        managed = klass._meta.managed
    else:
        to = field.rel.to._meta.object_name
        to_model = field.rel.to
        managed = klass._meta.managed or to_model._meta.managed
    name = '%s_%s' % (klass._meta.object_name, field.name)
    if field.rel.to == RECURSIVE_RELATIONSHIP_CONSTANT or to == klass._meta.object_name:
        from_ = 'from_%s' % to.lower()
        to = 'to_%s' % to.lower()
    else:
        from_ = klass._meta.model_name
        to = to.lower()
    meta = type(str('Meta'), (object,), {
        'db_table': field._get_m2m_db_table(klass._meta),
        'managed': managed,
        'auto_created': klass,
        'app_label': klass._meta.app_label,
        'db_tablespace': klass._meta.db_tablespace,
        'unique_together': (from_, to),
        'verbose_name': '%(from)s-%(to)s relationship' % {'from': from_, 'to': to},
        'verbose_name_plural': '%(from)s-%(to)s relationships' % {'from': from_, 'to': to},
        'apps': field.model._meta.apps,
    })
    # Construct and return the new class.
    return type(str(name), (models.Model,), {
        'Meta': meta,
        '__module__': klass.__module__,
        from_: models.ForeignKey(
            klass,
            related_name='%s+' % name,
            db_tablespace=field.db_tablespace,
            db_constraint=field.rel.db_constraint,
        ),
        to: models.ForeignKey(
            to_model,
            related_name='%s+' % name,
            db_tablespace=field.db_tablespace,
            db_constraint=field.rel.db_constraint,
        )
    })


class ManyToManyField(RelatedField):
    # Field flags
    many_to_many = True
    many_to_one = False
    one_to_many = False
    one_to_one = False

    description = _("Many-to-many relationship")

    def __init__(self, to, db_constraint=True, swappable=True, **kwargs):
        try:
            to._meta
        except AttributeError:  # to._meta doesn't exist, so it must be RECURSIVE_RELATIONSHIP_CONSTANT
            assert isinstance(to, six.string_types), (
                "%s(%r) is invalid. First parameter to ManyToManyField must be "
                "either a model, a model name, or the string %r" %
                (self.__class__.__name__, to, RECURSIVE_RELATIONSHIP_CONSTANT)
            )
            # Class names must be ASCII in Python 2.x, so we forcibly coerce it
            # here to break early if there's a problem.
            to = str(to)
        kwargs['verbose_name'] = kwargs.get('verbose_name', None)
        kwargs['rel'] = ManyToManyRel(
            self, to,
            related_name=kwargs.pop('related_name', None),
            related_query_name=kwargs.pop('related_query_name', None),
            limit_choices_to=kwargs.pop('limit_choices_to', None),
            symmetrical=kwargs.pop('symmetrical', to == RECURSIVE_RELATIONSHIP_CONSTANT),
            through=kwargs.pop('through', None),
            through_fields=kwargs.pop('through_fields', None),
            db_constraint=db_constraint,
        )

        self.swappable = swappable
        self.db_table = kwargs.pop('db_table', None)
        if kwargs['rel'].through is not None:
            assert self.db_table is None, "Cannot specify a db_table if an intermediary model is used."

        super(ManyToManyField, self).__init__(**kwargs)

    def check(self, **kwargs):
        errors = super(ManyToManyField, self).check(**kwargs)
        errors.extend(self._check_unique(**kwargs))
        errors.extend(self._check_relationship_model(**kwargs))
        errors.extend(self._check_ignored_options(**kwargs))
        return errors

    def _check_unique(self, **kwargs):
        if self.unique:
            return [
                checks.Error(
                    'ManyToManyFields cannot be unique.',
                    hint=None,
                    obj=self,
                    id='fields.E330',
                )
            ]
        return []

    def _check_ignored_options(self, **kwargs):
        warnings = []

        if self.null:
            warnings.append(
                checks.Warning(
                    'null has no effect on ManyToManyField.',
                    hint=None,
                    obj=self,
                    id='fields.W340',
                )
            )

        if len(self._validators) > 0:
            warnings.append(
                checks.Warning(
                    'ManyToManyField does not support validators.',
                    hint=None,
                    obj=self,
                    id='fields.W341',
                )
            )

        return warnings

    def _check_relationship_model(self, from_model=None, **kwargs):
        if hasattr(self.rel.through, '_meta'):
            qualified_model_name = "%s.%s" % (
                self.rel.through._meta.app_label, self.rel.through.__name__)
        else:
            qualified_model_name = self.rel.through

        errors = []

        if self.rel.through not in apps.get_models(include_auto_created=True):
            # The relationship model is not installed.
            errors.append(
                checks.Error(
                    ("Field specifies a many-to-many relation through model "
                     "'%s', which has not been installed.") %
                    qualified_model_name,
                    hint=None,
                    obj=self,
                    id='fields.E331',
                )
            )

        else:

            assert from_model is not None, \
                "ManyToManyField with intermediate " \
                "tables cannot be checked if you don't pass the model " \
                "where the field is attached to."

            # Set some useful local variables
            to_model = self.rel.to
            from_model_name = from_model._meta.object_name
            if isinstance(to_model, six.string_types):
                to_model_name = to_model
            else:
                to_model_name = to_model._meta.object_name
            relationship_model_name = self.rel.through._meta.object_name
            self_referential = from_model == to_model

            # Check symmetrical attribute.
            if (self_referential and self.rel.symmetrical and
                    not self.rel.through._meta.auto_created):
                errors.append(
                    checks.Error(
                        'Many-to-many fields with intermediate tables must not be symmetrical.',
                        hint=None,
                        obj=self,
                        id='fields.E332',
                    )
                )

            # Count foreign keys in intermediate model
            if self_referential:
                seen_self = sum(from_model == getattr(field.rel, 'to', None)
                    for field in self.rel.through._meta.fields)

                if seen_self > 2 and not self.rel.through_fields:
                    errors.append(
                        checks.Error(
                            ("The model is used as an intermediate model by "
                             "'%s', but it has more than two foreign keys "
                             "to '%s', which is ambiguous. You must specify "
                             "which two foreign keys Django should use via the "
                             "through_fields keyword argument.") % (self, from_model_name),
                            hint=("Use through_fields to specify which two "
                                  "foreign keys Django should use."),
                            obj=self.rel.through,
                            id='fields.E333',
                        )
                    )

            else:
                # Count foreign keys in relationship model
                seen_from = sum(from_model == getattr(field.rel, 'to', None)
                    for field in self.rel.through._meta.fields)
                seen_to = sum(to_model == getattr(field.rel, 'to', None)
                    for field in self.rel.through._meta.fields)

                if seen_from > 1 and not self.rel.through_fields:
                    errors.append(
                        checks.Error(
                            ("The model is used as an intermediate model by "
                             "'%s', but it has more than one foreign key "
                             "from '%s', which is ambiguous. You must specify "
                             "which foreign key Django should use via the "
                             "through_fields keyword argument.") % (self, from_model_name),
                            hint=('If you want to create a recursive relationship, '
                                  'use ForeignKey("self", symmetrical=False, '
                                  'through="%s").') % relationship_model_name,
                            obj=self,
                            id='fields.E334',
                        )
                    )

                if seen_to > 1 and not self.rel.through_fields:
                    errors.append(
                        checks.Error(
                            ("The model is used as an intermediate model by "
                             "'%s', but it has more than one foreign key "
                             "to '%s', which is ambiguous. You must specify "
                             "which foreign key Django should use via the "
                             "through_fields keyword argument.") % (self, to_model_name),
                            hint=('If you want to create a recursive '
                                  'relationship, use ForeignKey("self", '
                                  'symmetrical=False, through="%s").') % relationship_model_name,
                            obj=self,
                            id='fields.E335',
                        )
                    )

                if seen_from == 0 or seen_to == 0:
                    errors.append(
                        checks.Error(
                            ("The model is used as an intermediate model by "
                             "'%s', but it does not have a foreign key to '%s' or '%s'.") % (
                                self, from_model_name, to_model_name
                            ),
                            hint=None,
                            obj=self.rel.through,
                            id='fields.E336',
                        )
                    )

        # Validate `through_fields`
        if self.rel.through_fields is not None:
            # Validate that we're given an iterable of at least two items
            # and that none of them is "falsy"
            if not (len(self.rel.through_fields) >= 2 and
                    self.rel.through_fields[0] and self.rel.through_fields[1]):
                errors.append(
                    checks.Error(
                        ("Field specifies 'through_fields' but does not "
                         "provide the names of the two link fields that should be "
                         "used for the relation through model "
                         "'%s'.") % qualified_model_name,
                        hint=("Make sure you specify 'through_fields' as "
                              "through_fields=('field1', 'field2')"),
                        obj=self,
                        id='fields.E337',
                    )
                )

            # Validate the given through fields -- they should be actual
            # fields on the through model, and also be foreign keys to the
            # expected models
            else:
                assert from_model is not None, \
                    "ManyToManyField with intermediate " \
                    "tables cannot be checked if you don't pass the model " \
                    "where the field is attached to."

                source, through, target = from_model, self.rel.through, self.rel.to
                source_field_name, target_field_name = self.rel.through_fields[:2]

                for field_name, related_model in ((source_field_name, source),
                                                  (target_field_name, target)):

                    possible_field_names = []
                    for f in through._meta.fields:
                        if hasattr(f, 'rel') and getattr(f.rel, 'to', None) == related_model:
                            possible_field_names.append(f.name)
                    if possible_field_names:
                        hint = ("Did you mean one of the following foreign "
                                "keys to '%s': %s?") % (related_model._meta.object_name,
                                                        ', '.join(possible_field_names))
                    else:
                        hint = None

                    try:
                        field = through._meta.get_field(field_name)
                    except FieldDoesNotExist:
                        errors.append(
                            checks.Error(
                                ("The intermediary model '%s' has no field '%s'.") % (
                                    qualified_model_name, field_name),
                                hint=hint,
                                obj=self,
                                id='fields.E338',
                            )
                        )
                    else:
                        if not (hasattr(field, 'rel') and
                                getattr(field.rel, 'to', None) == related_model):
                            errors.append(
                                checks.Error(
                                    "'%s.%s' is not a foreign key to '%s'." % (
                                        through._meta.object_name, field_name,
                                        related_model._meta.object_name),
                                    hint=hint,
                                    obj=self,
                                    id='fields.E339',
                                )
                            )

        return errors

    def deconstruct(self):
        name, path, args, kwargs = super(ManyToManyField, self).deconstruct()
        # Handle the simpler arguments
        if self.db_table is not None:
            kwargs['db_table'] = self.db_table
        if self.rel.db_constraint is not True:
            kwargs['db_constraint'] = self.rel.db_constraint
        if self.rel.related_name is not None:
            kwargs['related_name'] = self.rel.related_name
        if self.rel.related_query_name is not None:
            kwargs['related_query_name'] = self.rel.related_query_name
        # Rel needs more work.
        if isinstance(self.rel.to, six.string_types):
            kwargs['to'] = self.rel.to
        else:
            kwargs['to'] = "%s.%s" % (self.rel.to._meta.app_label, self.rel.to._meta.object_name)
        if getattr(self.rel, 'through', None) is not None:
            if isinstance(self.rel.through, six.string_types):
                kwargs['through'] = self.rel.through
            elif not self.rel.through._meta.auto_created:
                kwargs['through'] = "%s.%s" % (self.rel.through._meta.app_label, self.rel.through._meta.object_name)
        # If swappable is True, then see if we're actually pointing to the target
        # of a swap.
        swappable_setting = self.swappable_setting
        if swappable_setting is not None:
            # If it's already a settings reference, error
            if hasattr(kwargs['to'], "setting_name"):
                if kwargs['to'].setting_name != swappable_setting:
                    raise ValueError(
                        "Cannot deconstruct a ManyToManyField pointing to a "
                        "model that is swapped in place of more than one model "
                        "(%s and %s)" % (kwargs['to'].setting_name, swappable_setting)
                    )
            # Set it
            from django.db.migrations.writer import SettingsReference
            kwargs['to'] = SettingsReference(
                kwargs['to'],
                swappable_setting,
            )
        return name, path, args, kwargs

    def _get_path_info(self, direct=False):
        """
        Called by both direct and indirect m2m traversal.
        """
        pathinfos = []
        int_model = self.rel.through
        linkfield1 = int_model._meta.get_field(self.m2m_field_name())
        linkfield2 = int_model._meta.get_field(self.m2m_reverse_field_name())
        if direct:
            join1infos = linkfield1.get_reverse_path_info()
            join2infos = linkfield2.get_path_info()
        else:
            join1infos = linkfield2.get_reverse_path_info()
            join2infos = linkfield1.get_path_info()
        pathinfos.extend(join1infos)
        pathinfos.extend(join2infos)
        return pathinfos

    def get_path_info(self):
        return self._get_path_info(direct=True)

    def get_reverse_path_info(self):
        return self._get_path_info(direct=False)

    def get_choices_default(self):
        return Field.get_choices(self, include_blank=False)

    def _get_m2m_db_table(self, opts):
        "Function that can be curried to provide the m2m table name for this relation"
        if self.rel.through is not None:
            return self.rel.through._meta.db_table
        elif self.db_table:
            return self.db_table
        else:
            return utils.truncate_name('%s_%s' % (opts.db_table, self.name),
                                      connection.ops.max_name_length())

    def _get_m2m_attr(self, related, attr):
        "Function that can be curried to provide the source accessor or DB column name for the m2m table"
        cache_attr = '_m2m_%s_cache' % attr
        if hasattr(self, cache_attr):
            return getattr(self, cache_attr)
        if self.rel.through_fields is not None:
            link_field_name = self.rel.through_fields[0]
        else:
            link_field_name = None
        for f in self.rel.through._meta.fields:
            if (f.is_relation and f.rel.to == related.related_model and
                    (link_field_name is None or link_field_name == f.name)):
                setattr(self, cache_attr, getattr(f, attr))
                return getattr(self, cache_attr)

    def _get_m2m_reverse_attr(self, related, attr):
        "Function that can be curried to provide the related accessor or DB column name for the m2m table"
        cache_attr = '_m2m_reverse_%s_cache' % attr
        if hasattr(self, cache_attr):
            return getattr(self, cache_attr)
        found = False
        if self.rel.through_fields is not None:
            link_field_name = self.rel.through_fields[1]
        else:
            link_field_name = None
        for f in self.rel.through._meta.fields:
            # NOTE f.rel.to != f.related_model
            if f.is_relation and f.rel.to == related.model:
                if link_field_name is None and related.related_model == related.model:
                    # If this is an m2m-intermediate to self,
                    # the first foreign key you find will be
                    # the source column. Keep searching for
                    # the second foreign key.
                    if found:
                        setattr(self, cache_attr, getattr(f, attr))
                        break
                    else:
                        found = True
                elif link_field_name is None or link_field_name == f.name:
                    setattr(self, cache_attr, getattr(f, attr))
                    break
        return getattr(self, cache_attr)

    def value_to_string(self, obj):
        data = ''
        if obj:
            qs = getattr(obj, self.name).all()
            data = [instance._get_pk_val() for instance in qs]
        else:
            # In required many-to-many fields with only one available choice,
            # select that one available choice.
            if not self.blank:
                choices_list = self.get_choices_default()
                if len(choices_list) == 1:
                    data = [choices_list[0][0]]
        return smart_text(data)

    def contribute_to_class(self, cls, name, **kwargs):
        # To support multiple relations to self, it's useful to have a non-None
        # related name on symmetrical relations for internal reasons. The
        # concept doesn't make a lot of sense externally ("you want me to
        # specify *what* on my non-reversible relation?!"), so we set it up
        # automatically. The funky name reduces the chance of an accidental
        # clash.
        if self.rel.symmetrical and (self.rel.to == "self" or self.rel.to == cls._meta.object_name):
            self.rel.related_name = "%s_rel_+" % name

        super(ManyToManyField, self).contribute_to_class(cls, name, **kwargs)

        # The intermediate m2m model is not auto created if:
        #  1) There is a manually specified intermediate, or
        #  2) The class owning the m2m field is abstract.
        #  3) The class owning the m2m field has been swapped out.
        if not self.rel.through and not cls._meta.abstract and not cls._meta.swapped:
            self.rel.through = create_many_to_many_intermediary_model(self, cls)

        # Add the descriptor for the m2m relation
        setattr(cls, self.name, ReverseManyRelatedObjectsDescriptor(self))

        # Set up the accessor for the m2m table name for the relation
        self.m2m_db_table = curry(self._get_m2m_db_table, cls._meta)

        # Populate some necessary rel arguments so that cross-app relations
        # work correctly.
        if isinstance(self.rel.through, six.string_types):
            def resolve_through_model(field, model, cls):
                field.rel.through = model
            add_lazy_relation(cls, self, self.rel.through, resolve_through_model)

    def contribute_to_related_class(self, cls, related):
        # Internal M2Ms (i.e., those with a related name ending with '+')
        # and swapped models don't get a related descriptor.
        if not self.rel.is_hidden() and not related.related_model._meta.swapped:
            setattr(cls, related.get_accessor_name(), ManyRelatedObjectsDescriptor(related))

        # Set up the accessors for the column names on the m2m table
        self.m2m_column_name = curry(self._get_m2m_attr, related, 'column')
        self.m2m_reverse_name = curry(self._get_m2m_reverse_attr, related, 'column')

        self.m2m_field_name = curry(self._get_m2m_attr, related, 'name')
        self.m2m_reverse_field_name = curry(self._get_m2m_reverse_attr, related, 'name')

        get_m2m_rel = curry(self._get_m2m_attr, related, 'rel')
        self.m2m_target_field_name = lambda: get_m2m_rel().field_name
        get_m2m_reverse_rel = curry(self._get_m2m_reverse_attr, related, 'rel')
        self.m2m_reverse_target_field_name = lambda: get_m2m_reverse_rel().field_name

    def set_attributes_from_rel(self):
        pass

    def value_from_object(self, obj):
        "Returns the value of this field in the given model instance."
        return getattr(obj, self.attname).all()

    def save_form_data(self, instance, data):
        setattr(instance, self.attname, data)

    def formfield(self, **kwargs):
        db = kwargs.pop('using', None)
        defaults = {
            'form_class': forms.ModelMultipleChoiceField,
            'queryset': self.rel.to._default_manager.using(db),
        }
        defaults.update(kwargs)
        # If initial is passed in, it's a list of related objects, but the
        # MultipleChoiceField takes a list of IDs.
        if defaults.get('initial') is not None:
            initial = defaults['initial']
            if callable(initial):
                initial = initial()
            defaults['initial'] = [i._get_pk_val() for i in initial]
        return super(ManyToManyField, self).formfield(**defaults)

    def db_type(self, connection):
        # A ManyToManyField is not represented by a single column,
        # so return None.
        return None

    def db_parameters(self, connection):
        return {"type": None, "check": None}
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  Source code for django.contrib.contenttypes.fields

from __future__ import unicode_literals

from collections import defaultdict

from django.contrib.contenttypes.models import ContentType
from django.core import checks
from django.core.exceptions import FieldDoesNotExist, ObjectDoesNotExist
from django.db import DEFAULT_DB_ALIAS, connection, models, router, transaction
from django.db.models import DO_NOTHING, signals
from django.db.models.base import ModelBase
from django.db.models.fields.related import ForeignObject, ForeignObjectRel
from django.db.models.query_utils import PathInfo
from django.utils.encoding import python_2_unicode_compatible, smart_text


@python_2_unicode_compatible
class GenericForeignKey(object):
    """
    Provides a generic relation to any object through content-type/object-id
    fields.
    """
    # Field flags
    auto_created = False
    concrete = False
    editable = False
    hidden = False

    is_relation = True
    many_to_many = False
    many_to_one = True
    one_to_many = False
    one_to_one = False
    related_model = None

    # For backwards compatibility; ignored as of Django 1.8.4.
    allow_unsaved_instance_assignment = False

    def __init__(self, ct_field="content_type", fk_field="object_id", for_concrete_model=True):
        self.ct_field = ct_field
        self.fk_field = fk_field
        self.for_concrete_model = for_concrete_model
        self.editable = False
        self.rel = None
        self.column = None

    def contribute_to_class(self, cls, name, **kwargs):
        self.name = name
        self.model = cls
        self.cache_attr = "_%s_cache" % name
        cls._meta.add_field(self, virtual=True)

        # Only run pre-initialization field assignment on non-abstract models
        if not cls._meta.abstract:
            signals.pre_init.connect(self.instance_pre_init, sender=cls)

        setattr(cls, name, self)

    def __str__(self):
        model = self.model
        app = model._meta.app_label
        return '%s.%s.%s' % (app, model._meta.object_name, self.name)

    def check(self, **kwargs):
        errors = []
        errors.extend(self._check_field_name())
        errors.extend(self._check_object_id_field())
        errors.extend(self._check_content_type_field())
        return errors

    def _check_field_name(self):
        if self.name.endswith("_"):
            return [
                checks.Error(
                    'Field names must not end with an underscore.',
                    hint=None,
                    obj=self,
                    id='fields.E001',
                )
            ]
        else:
            return []

    def _check_object_id_field(self):
        try:
            self.model._meta.get_field(self.fk_field)
        except FieldDoesNotExist:
            return [
                checks.Error(
                    "The GenericForeignKey object ID references the non-existent field '%s'." % self.fk_field,
                    hint=None,
                    obj=self,
                    id='contenttypes.E001',
                )
            ]
        else:
            return []

    def _check_content_type_field(self):
        """ Check if field named `field_name` in model `model` exists and is
        valid content_type field (is a ForeignKey to ContentType). """

        try:
            field = self.model._meta.get_field(self.ct_field)
        except FieldDoesNotExist:
            return [
                checks.Error(
                    "The GenericForeignKey content type references the non-existent field '%s.%s'." % (
                        self.model._meta.object_name, self.ct_field
                    ),
                    hint=None,
                    obj=self,
                    id='contenttypes.E002',
                )
            ]
        else:
            if not isinstance(field, models.ForeignKey):
                return [
                    checks.Error(
                        "'%s.%s' is not a ForeignKey." % (
                            self.model._meta.object_name, self.ct_field
                        ),
                        hint=(
                            "GenericForeignKeys must use a ForeignKey to "
                            "'contenttypes.ContentType' as the 'content_type' field."
                        ),
                        obj=self,
                        id='contenttypes.E003',
                    )
                ]
            elif field.rel.to != ContentType:
                return [
                    checks.Error(
                        "'%s.%s' is not a ForeignKey to 'contenttypes.ContentType'." % (
                            self.model._meta.object_name, self.ct_field
                        ),
                        hint=(
                            "GenericForeignKeys must use a ForeignKey to "
                            "'contenttypes.ContentType' as the 'content_type' field."
                        ),
                        obj=self,
                        id='contenttypes.E004',
                    )
                ]
            else:
                return []

    def instance_pre_init(self, signal, sender, args, kwargs, **_kwargs):
        """
        Handles initializing an object with the generic FK instead of
        content-type/object-id fields.
        """
        if self.name in kwargs:
            value = kwargs.pop(self.name)
            if value is not None:
                kwargs[self.ct_field] = self.get_content_type(obj=value)
                kwargs[self.fk_field] = value._get_pk_val()
            else:
                kwargs[self.ct_field] = None
                kwargs[self.fk_field] = None

    def get_content_type(self, obj=None, id=None, using=None):
        if obj is not None:
            return ContentType.objects.db_manager(obj._state.db).get_for_model(
                obj, for_concrete_model=self.for_concrete_model)
        elif id is not None:
            return ContentType.objects.db_manager(using).get_for_id(id)
        else:
            # This should never happen. I love comments like this, don't you?
            raise Exception("Impossible arguments to GFK.get_content_type!")

    def get_prefetch_queryset(self, instances, queryset=None):
        if queryset is not None:
            raise ValueError("Custom queryset can't be used for this lookup.")

        # For efficiency, group the instances by content type and then do one
        # query per model
        fk_dict = defaultdict(set)
        # We need one instance for each group in order to get the right db:
        instance_dict = {}
        ct_attname = self.model._meta.get_field(self.ct_field).get_attname()
        for instance in instances:
            # We avoid looking for values if either ct_id or fkey value is None
            ct_id = getattr(instance, ct_attname)
            if ct_id is not None:
                fk_val = getattr(instance, self.fk_field)
                if fk_val is not None:
                    fk_dict[ct_id].add(fk_val)
                    instance_dict[ct_id] = instance

        ret_val = []
        for ct_id, fkeys in fk_dict.items():
            instance = instance_dict[ct_id]
            ct = self.get_content_type(id=ct_id, using=instance._state.db)
            ret_val.extend(ct.get_all_objects_for_this_type(pk__in=fkeys))

        # For doing the join in Python, we have to match both the FK val and the
        # content type, so we use a callable that returns a (fk, class) pair.
        def gfk_key(obj):
            ct_id = getattr(obj, ct_attname)
            if ct_id is None:
                return None
            else:
                model = self.get_content_type(id=ct_id,
                                              using=obj._state.db).model_class()
                return (model._meta.pk.get_prep_value(getattr(obj, self.fk_field)),
                        model)

        return (ret_val,
                lambda obj: (obj._get_pk_val(), obj.__class__),
                gfk_key,
                True,
                self.cache_attr)

    def is_cached(self, instance):
        return hasattr(instance, self.cache_attr)

    def __get__(self, instance, instance_type=None):
        if instance is None:
            return self

        try:
            return getattr(instance, self.cache_attr)
        except AttributeError:
            rel_obj = None

            # Make sure to use ContentType.objects.get_for_id() to ensure that
            # lookups are cached (see ticket #5570). This takes more code than
            # the naive ``getattr(instance, self.ct_field)``, but has better
            # performance when dealing with GFKs in loops and such.
            f = self.model._meta.get_field(self.ct_field)
            ct_id = getattr(instance, f.get_attname(), None)
            if ct_id is not None:
                ct = self.get_content_type(id=ct_id, using=instance._state.db)
                try:
                    rel_obj = ct.get_object_for_this_type(pk=getattr(instance, self.fk_field))
                except ObjectDoesNotExist:
                    pass
            setattr(instance, self.cache_attr, rel_obj)
            return rel_obj

    def __set__(self, instance, value):
        ct = None
        fk = None
        if value is not None:
            ct = self.get_content_type(obj=value)
            fk = value._get_pk_val()

        setattr(instance, self.ct_field, ct)
        setattr(instance, self.fk_field, fk)
        setattr(instance, self.cache_attr, value)


class GenericRelation(ForeignObject):
    """Provides an accessor to generic related objects (e.g. comments)"""
    # Field flags
    auto_created = False

    many_to_many = False
    many_to_one = False
    one_to_many = True
    one_to_one = False

    def __init__(self, to, **kwargs):
        kwargs['verbose_name'] = kwargs.get('verbose_name', None)
        kwargs['rel'] = GenericRel(
            self, to,
            related_query_name=kwargs.pop('related_query_name', None),
            limit_choices_to=kwargs.pop('limit_choices_to', None),
        )
        # Override content-type/object-id field names on the related class
        self.object_id_field_name = kwargs.pop("object_id_field", "object_id")
        self.content_type_field_name = kwargs.pop("content_type_field", "content_type")

        self.for_concrete_model = kwargs.pop("for_concrete_model", True)

        kwargs['blank'] = True
        kwargs['editable'] = False
        kwargs['serialize'] = False
        # This construct is somewhat of an abuse of ForeignObject. This field
        # represents a relation from pk to object_id field. But, this relation
        # isn't direct, the join is generated reverse along foreign key. So,
        # the from_field is object_id field, to_field is pk because of the
        # reverse join.
        super(GenericRelation, self).__init__(
            to, to_fields=[],
            from_fields=[self.object_id_field_name], **kwargs)

    def check(self, **kwargs):
        errors = super(GenericRelation, self).check(**kwargs)
        errors.extend(self._check_generic_foreign_key_existence())
        return errors

    def _check_generic_foreign_key_existence(self):
        target = self.rel.to
        if isinstance(target, ModelBase):
            # Using `vars` is very ugly approach, but there is no better one,
            # because GenericForeignKeys are not considered as fields and,
            # therefore, are not included in `target._meta.local_fields`.
            fields = target._meta.virtual_fields
            if any(isinstance(field, GenericForeignKey) and
                    field.ct_field == self.content_type_field_name and
                    field.fk_field == self.object_id_field_name
                    for field in fields):
                return []
            else:
                return [
                    checks.Error(
                        ("The GenericRelation defines a relation with the model "
                         "'%s.%s', but that model does not have a GenericForeignKey.") % (
                            target._meta.app_label, target._meta.object_name
                        ),
                        hint=None,
                        obj=self,
                        id='contenttypes.E004',
                    )
                ]
        else:
            return []

    def resolve_related_fields(self):
        self.to_fields = [self.model._meta.pk.name]
        return [(self.rel.to._meta.get_field(self.object_id_field_name), self.model._meta.pk)]

    def get_path_info(self):
        opts = self.rel.to._meta
        target = opts.pk
        return [PathInfo(self.model._meta, opts, (target,), self.rel, True, False)]

    def get_reverse_path_info(self):
        opts = self.model._meta
        from_opts = self.rel.to._meta
        return [PathInfo(from_opts, opts, (opts.pk,), self, not self.unique, False)]

    def get_choices_default(self):
        return super(GenericRelation, self).get_choices(include_blank=False)

    def value_to_string(self, obj):
        qs = getattr(obj, self.name).all()
        return smart_text([instance._get_pk_val() for instance in qs])

    def contribute_to_class(self, cls, name, **kwargs):
        kwargs['virtual_only'] = True
        super(GenericRelation, self).contribute_to_class(cls, name, **kwargs)
        # Save a reference to which model this class is on for future use
        self.model = cls
        # Add the descriptor for the relation
        setattr(cls, self.name, ReverseGenericRelatedObjectsDescriptor(self, self.for_concrete_model))

    def set_attributes_from_rel(self):
        pass

    def get_internal_type(self):
        return "ManyToManyField"

    def get_content_type(self):
        """
        Returns the content type associated with this field's model.
        """
        return ContentType.objects.get_for_model(self.model,
                                                 for_concrete_model=self.for_concrete_model)

    def get_extra_restriction(self, where_class, alias, remote_alias):
        field = self.rel.to._meta.get_field(self.content_type_field_name)
        contenttype_pk = self.get_content_type().pk
        cond = where_class()
        lookup = field.get_lookup('exact')(field.get_col(remote_alias), contenttype_pk)
        cond.add(lookup, 'AND')
        return cond

    def bulk_related_objects(self, objs, using=DEFAULT_DB_ALIAS):
        """
        Return all objects related to ``objs`` via this ``GenericRelation``.

        """
        return self.rel.to._base_manager.db_manager(using).filter(**{
            "%s__pk" % self.content_type_field_name: ContentType.objects.db_manager(using).get_for_model(
                self.model, for_concrete_model=self.for_concrete_model).pk,
            "%s__in" % self.object_id_field_name: [obj.pk for obj in objs]
        })


class ReverseGenericRelatedObjectsDescriptor(object):
    """
    This class provides the functionality that makes the related-object
    managers available as attributes on a model class, for fields that have
    multiple "remote" values and have a GenericRelation defined in their model
    (rather than having another model pointed *at* them). In the example
    "article.publications", the publications attribute is a
    ReverseGenericRelatedObjectsDescriptor instance.
    """
    def __init__(self, field, for_concrete_model=True):
        self.field = field
        self.for_concrete_model = for_concrete_model

    def __get__(self, instance, instance_type=None):
        if instance is None:
            return self

        # Dynamically create a class that subclasses the related model's
        # default manager.
        rel_model = self.field.rel.to
        superclass = rel_model._default_manager.__class__
        RelatedManager = create_generic_related_manager(superclass)

        qn = connection.ops.quote_name
        content_type = ContentType.objects.db_manager(instance._state.db).get_for_model(
            instance, for_concrete_model=self.for_concrete_model)

        join_cols = self.field.get_joining_columns(reverse_join=True)[0]
        manager = RelatedManager(
            model=rel_model,
            instance=instance,
            source_col_name=qn(join_cols[0]),
            target_col_name=qn(join_cols[1]),
            content_type=content_type,
            content_type_field_name=self.field.content_type_field_name,
            object_id_field_name=self.field.object_id_field_name,
            prefetch_cache_name=self.field.attname,
        )

        return manager

    def __set__(self, instance, value):
        # Force evaluation of `value` in case it's a queryset whose
        # value could be affected by `manager.clear()`. Refs #19816.
        value = tuple(value)

        manager = self.__get__(instance)
        db = router.db_for_write(manager.model, instance=manager.instance)
        with transaction.atomic(using=db, savepoint=False):
            manager.clear()
            for obj in value:
                manager.add(obj)


def create_generic_related_manager(superclass):
    """
    Factory function for a manager that subclasses 'superclass' (which is a
    Manager) and adds behavior for generic related objects.
    """

    class GenericRelatedObjectManager(superclass):
        def __init__(self, model=None, instance=None, symmetrical=None,
                     source_col_name=None, target_col_name=None, content_type=None,
                     content_type_field_name=None, object_id_field_name=None,
                     prefetch_cache_name=None):

            super(GenericRelatedObjectManager, self).__init__()
            self.model = model
            self.content_type = content_type
            self.symmetrical = symmetrical
            self.instance = instance
            self.source_col_name = source_col_name
            self.target_col_name = target_col_name
            self.content_type_field_name = content_type_field_name
            self.object_id_field_name = object_id_field_name
            self.prefetch_cache_name = prefetch_cache_name
            self.pk_val = self.instance._get_pk_val()
            self.core_filters = {
                '%s__pk' % content_type_field_name: content_type.id,
                '%s' % object_id_field_name: instance._get_pk_val(),
            }

        def __call__(self, **kwargs):
            # We use **kwargs rather than a kwarg argument to enforce the
            # `manager='manager_name'` syntax.
            manager = getattr(self.model, kwargs.pop('manager'))
            manager_class = create_generic_related_manager(manager.__class__)
            return manager_class(
                model=self.model,
                instance=self.instance,
                symmetrical=self.symmetrical,
                source_col_name=self.source_col_name,
                target_col_name=self.target_col_name,
                content_type=self.content_type,
                content_type_field_name=self.content_type_field_name,
                object_id_field_name=self.object_id_field_name,
                prefetch_cache_name=self.prefetch_cache_name,
            )
        do_not_call_in_templates = True

        def __str__(self):
            return repr(self)

        def get_queryset(self):
            try:
                return self.instance._prefetched_objects_cache[self.prefetch_cache_name]
            except (AttributeError, KeyError):
                db = self._db or router.db_for_read(self.model, instance=self.instance)
                return super(GenericRelatedObjectManager, self).get_queryset().using(db).filter(**self.core_filters)

        def get_prefetch_queryset(self, instances, queryset=None):
            if queryset is None:
                queryset = super(GenericRelatedObjectManager, self).get_queryset()

            queryset._add_hints(instance=instances[0])
            queryset = queryset.using(queryset._db or self._db)

            query = {
                '%s__pk' % self.content_type_field_name: self.content_type.id,
                '%s__in' % self.object_id_field_name: set(obj._get_pk_val() for obj in instances)
            }

            # We (possibly) need to convert object IDs to the type of the
            # instances' PK in order to match up instances:
            object_id_converter = instances[0]._meta.pk.to_python
            return (queryset.filter(**query),
                    lambda relobj: object_id_converter(getattr(relobj, self.object_id_field_name)),
                    lambda obj: obj._get_pk_val(),
                    False,
                    self.prefetch_cache_name)

        def add(self, *objs):
            db = router.db_for_write(self.model, instance=self.instance)
            with transaction.atomic(using=db, savepoint=False):
                for obj in objs:
                    if not isinstance(obj, self.model):
                        raise TypeError("'%s' instance expected" % self.model._meta.object_name)
                    setattr(obj, self.content_type_field_name, self.content_type)
                    setattr(obj, self.object_id_field_name, self.pk_val)
                    obj.save()
        add.alters_data = True

        def remove(self, *objs, **kwargs):
            if not objs:
                return
            bulk = kwargs.pop('bulk', True)
            self._clear(self.filter(pk__in=[o.pk for o in objs]), bulk)
        remove.alters_data = True

        def clear(self, **kwargs):
            bulk = kwargs.pop('bulk', True)
            self._clear(self, bulk)
        clear.alters_data = True

        def _clear(self, queryset, bulk):
            db = router.db_for_write(self.model, instance=self.instance)
            queryset = queryset.using(db)
            if bulk:
                # `QuerySet.delete()` creates its own atomic block which
                # contains the `pre_delete` and `post_delete` signal handlers.
                queryset.delete()
            else:
                with transaction.atomic(using=db, savepoint=False):
                    for obj in queryset:
                        obj.delete()
        _clear.alters_data = True

        def create(self, **kwargs):
            kwargs[self.content_type_field_name] = self.content_type
            kwargs[self.object_id_field_name] = self.pk_val
            db = router.db_for_write(self.model, instance=self.instance)
            return super(GenericRelatedObjectManager, self).using(db).create(**kwargs)
        create.alters_data = True

        def get_or_create(self, **kwargs):
            kwargs[self.content_type_field_name] = self.content_type
            kwargs[self.object_id_field_name] = self.pk_val
            db = router.db_for_write(self.model, instance=self.instance)
            return super(GenericRelatedObjectManager, self).using(db).get_or_create(**kwargs)
        get_or_create.alters_data = True

        def update_or_create(self, **kwargs):
            kwargs[self.content_type_field_name] = self.content_type
            kwargs[self.object_id_field_name] = self.pk_val
            db = router.db_for_write(self.model, instance=self.instance)
            return super(GenericRelatedObjectManager, self).using(db).update_or_create(**kwargs)
        update_or_create.alters_data = True

    return GenericRelatedObjectManager


class GenericRel(ForeignObjectRel):
    def __init__(self, field, to, related_name=None, limit_choices_to=None, related_query_name=None):
        super(GenericRel, self).__init__(field=field, to=to, related_name=related_query_name or '+',
                                         limit_choices_to=limit_choices_to, on_delete=DO_NOTHING,
                                         related_query_name=related_query_name)
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  Source code for django.utils.functional

import copy
import operator
import sys
import warnings
from functools import wraps

from django.utils import six
from django.utils.deprecation import RemovedInDjango19Warning
from django.utils.six.moves import copyreg


# You can't trivially replace this with `functools.partial` because this binds
# to classes and returns bound instances, whereas functools.partial (on
# CPython) is a type and its instances don't bind.
def curry(_curried_func, *args, **kwargs):
    def _curried(*moreargs, **morekwargs):
        return _curried_func(*(args + moreargs), **dict(kwargs, **morekwargs))
    return _curried


def memoize(func, cache, num_args):
    """
    Wrap a function so that results for any argument tuple are stored in
    'cache'. Note that the args to the function must be usable as dictionary
    keys.

    Only the first num_args are considered when creating the key.
    """
    warnings.warn("memoize wrapper is deprecated and will be removed in "
                  "Django 1.9. Use django.utils.lru_cache instead.",
                  RemovedInDjango19Warning, stacklevel=2)

    @wraps(func)
    def wrapper(*args):
        mem_args = args[:num_args]
        if mem_args in cache:
            return cache[mem_args]
        result = func(*args)
        cache[mem_args] = result
        return result
    return wrapper


class cached_property(object):
    """
    Decorator that converts a method with a single self argument into a
    property cached on the instance.

    Optional ``name`` argument allows you to make cached properties of other
    methods. (e.g.  url = cached_property(get_absolute_url, name='url') )
    """
    def __init__(self, func, name=None):
        self.func = func
        self.__doc__ = getattr(func, '__doc__')
        self.name = name or func.__name__

    def __get__(self, instance, type=None):
        if instance is None:
            return self
        res = instance.__dict__[self.name] = self.func(instance)
        return res


class Promise(object):
    """
    This is just a base class for the proxy class created in
    the closure of the lazy function. It can be used to recognize
    promises in code.
    """
    pass


def lazy(func, *resultclasses):
    """
    Turns any callable into a lazy evaluated callable. You need to give result
    classes or types -- at least one is needed so that the automatic forcing of
    the lazy evaluation code is triggered. Results are not memoized; the
    function is evaluated on every access.
    """

    @total_ordering
    class __proxy__(Promise):
        """
        Encapsulate a function call and act as a proxy for methods that are
        called on the result of that function. The function is not evaluated
        until one of the methods on the result is called.
        """
        __prepared = False

        def __init__(self, args, kw):
            self.__args = args
            self.__kw = kw
            if not self.__prepared:
                self.__prepare_class__()
            self.__prepared = True

        def __reduce__(self):
            return (
                _lazy_proxy_unpickle,
                (func, self.__args, self.__kw) + resultclasses
            )

        @classmethod
        def __prepare_class__(cls):
            for resultclass in resultclasses:
                for type_ in resultclass.mro():
                    for method_name in type_.__dict__.keys():
                        # All __promise__ return the same wrapper method, they
                        # look up the correct implementation when called.
                        if hasattr(cls, method_name):
                            continue
                        meth = cls.__promise__(method_name)
                        setattr(cls, method_name, meth)
            cls._delegate_bytes = bytes in resultclasses
            cls._delegate_text = six.text_type in resultclasses
            assert not (cls._delegate_bytes and cls._delegate_text), (
                "Cannot call lazy() with both bytes and text return types.")
            if cls._delegate_text:
                if six.PY3:
                    cls.__str__ = cls.__text_cast
                else:
                    cls.__unicode__ = cls.__text_cast
                    cls.__str__ = cls.__bytes_cast_encoded
            elif cls._delegate_bytes:
                if six.PY3:
                    cls.__bytes__ = cls.__bytes_cast
                else:
                    cls.__str__ = cls.__bytes_cast

        @classmethod
        def __promise__(cls, method_name):
            # Builds a wrapper around some magic method
            def __wrapper__(self, *args, **kw):
                # Automatically triggers the evaluation of a lazy value and
                # applies the given magic method of the result type.
                res = func(*self.__args, **self.__kw)
                return getattr(res, method_name)(*args, **kw)
            return __wrapper__

        def __text_cast(self):
            return func(*self.__args, **self.__kw)

        def __bytes_cast(self):
            return bytes(func(*self.__args, **self.__kw))

        def __bytes_cast_encoded(self):
            return func(*self.__args, **self.__kw).encode('utf-8')

        def __cast(self):
            if self._delegate_bytes:
                return self.__bytes_cast()
            elif self._delegate_text:
                return self.__text_cast()
            else:
                return func(*self.__args, **self.__kw)

        def __ne__(self, other):
            if isinstance(other, Promise):
                other = other.__cast()
            return self.__cast() != other

        def __eq__(self, other):
            if isinstance(other, Promise):
                other = other.__cast()
            return self.__cast() == other

        def __lt__(self, other):
            if isinstance(other, Promise):
                other = other.__cast()
            return self.__cast() < other

        def __hash__(self):
            return hash(self.__cast())

        def __mod__(self, rhs):
            if self._delegate_bytes and six.PY2:
                return bytes(self) % rhs
            elif self._delegate_text:
                return six.text_type(self) % rhs
            return self.__cast() % rhs

        def __deepcopy__(self, memo):
            # Instances of this class are effectively immutable. It's just a
            # collection of functions. So we don't need to do anything
            # complicated for copying.
            memo[id(self)] = self
            return self

    @wraps(func)
    def __wrapper__(*args, **kw):
        # Creates the proxy object, instead of the actual value.
        return __proxy__(args, kw)

    return __wrapper__


def _lazy_proxy_unpickle(func, args, kwargs, *resultclasses):
    return lazy(func, *resultclasses)(*args, **kwargs)


def allow_lazy(func, *resultclasses):
    """
    A decorator that allows a function to be called with one or more lazy
    arguments. If none of the args are lazy, the function is evaluated
    immediately, otherwise a __proxy__ is returned that will evaluate the
    function when needed.
    """
    lazy_func = lazy(func, *resultclasses)

    @wraps(func)
    def wrapper(*args, **kwargs):
        for arg in list(args) + list(six.itervalues(kwargs)):
            if isinstance(arg, Promise):
                break
        else:
            return func(*args, **kwargs)
        return lazy_func(*args, **kwargs)
    return wrapper

empty = object()


def new_method_proxy(func):
    def inner(self, *args):
        if self._wrapped is empty:
            self._setup()
        return func(self._wrapped, *args)
    return inner


class LazyObject(object):
    """
    A wrapper for another class that can be used to delay instantiation of the
    wrapped class.

    By subclassing, you have the opportunity to intercept and alter the
    instantiation. If you don't need to do that, use SimpleLazyObject.
    """

    # Avoid infinite recursion when tracing __init__ (#19456).
    _wrapped = None

    def __init__(self):
        self._wrapped = empty

    __getattr__ = new_method_proxy(getattr)

    def __setattr__(self, name, value):
        if name == "_wrapped":
            # Assign to __dict__ to avoid infinite __setattr__ loops.
            self.__dict__["_wrapped"] = value
        else:
            if self._wrapped is empty:
                self._setup()
            setattr(self._wrapped, name, value)

    def __delattr__(self, name):
        if name == "_wrapped":
            raise TypeError("can't delete _wrapped.")
        if self._wrapped is empty:
            self._setup()
        delattr(self._wrapped, name)

    def _setup(self):
        """
        Must be implemented by subclasses to initialize the wrapped object.
        """
        raise NotImplementedError('subclasses of LazyObject must provide a _setup() method')

    # Because we have messed with __class__ below, we confuse pickle as to what
    # class we are pickling. It also appears to stop __reduce__ from being
    # called. So, we define __getstate__ in a way that cooperates with the way
    # that pickle interprets this class.  This fails when the wrapped class is
    # a builtin, but it is better than nothing.
    def __getstate__(self):
        if self._wrapped is empty:
            self._setup()
        return self._wrapped.__dict__

    # Python 3.3 will call __reduce__ when pickling; this method is needed
    # to serialize and deserialize correctly.
    @classmethod
    def __newobj__(cls, *args):
        return cls.__new__(cls, *args)

    def __reduce_ex__(self, proto):
        if proto >= 2:
            # On Py3, since the default protocol is 3, pickle uses the
            # ``__newobj__`` method (& more efficient opcodes) for writing.
            return (self.__newobj__, (self.__class__,), self.__getstate__())
        else:
            # On Py2, the default protocol is 0 (for back-compat) & the above
            # code fails miserably (see regression test). Instead, we return
            # exactly what's returned if there's no ``__reduce__`` method at
            # all.
            return (copyreg._reconstructor, (self.__class__, object, None), self.__getstate__())

    def __deepcopy__(self, memo):
        if self._wrapped is empty:
            # We have to use type(self), not self.__class__, because the
            # latter is proxied.
            result = type(self)()
            memo[id(self)] = result
            return result
        return copy.deepcopy(self._wrapped, memo)

    if six.PY3:
        __bytes__ = new_method_proxy(bytes)
        __str__ = new_method_proxy(str)
        __bool__ = new_method_proxy(bool)
    else:
        __str__ = new_method_proxy(str)
        __unicode__ = new_method_proxy(unicode)  # NOQA: unicode undefined on PY3
        __nonzero__ = new_method_proxy(bool)

    # Introspection support
    __dir__ = new_method_proxy(dir)

    # Need to pretend to be the wrapped class, for the sake of objects that
    # care about this (especially in equality tests)
    __class__ = property(new_method_proxy(operator.attrgetter("__class__")))
    __eq__ = new_method_proxy(operator.eq)
    __ne__ = new_method_proxy(operator.ne)
    __hash__ = new_method_proxy(hash)

    # Dictionary methods support
    __getitem__ = new_method_proxy(operator.getitem)
    __setitem__ = new_method_proxy(operator.setitem)
    __delitem__ = new_method_proxy(operator.delitem)

    __len__ = new_method_proxy(len)
    __contains__ = new_method_proxy(operator.contains)


# Workaround for http://bugs.python.org/issue12370
_super = super


class SimpleLazyObject(LazyObject):
    """
    A lazy object initialized from any function.

    Designed for compound objects of unknown type. For builtins or objects of
    known type, use django.utils.functional.lazy.
    """
    def __init__(self, func):
        """
        Pass in a callable that returns the object to be wrapped.

        If copies are made of the resulting SimpleLazyObject, which can happen
        in various circumstances within Django, then you must ensure that the
        callable can be safely run more than once and will return the same
        value.
        """
        self.__dict__['_setupfunc'] = func
        _super(SimpleLazyObject, self).__init__()

    def _setup(self):
        self._wrapped = self._setupfunc()

    # Return a meaningful representation of the lazy object for debugging
    # without evaluating the wrapped object.
    def __repr__(self):
        if self._wrapped is empty:
            repr_attr = self._setupfunc
        else:
            repr_attr = self._wrapped
        return '<%s: %r>' % (type(self).__name__, repr_attr)

    def __deepcopy__(self, memo):
        if self._wrapped is empty:
            # We have to use SimpleLazyObject, not self.__class__, because the
            # latter is proxied.
            result = SimpleLazyObject(self._setupfunc)
            memo[id(self)] = result
            return result
        return copy.deepcopy(self._wrapped, memo)


class lazy_property(property):
    """
    A property that works with subclasses by wrapping the decorated
    functions of the base class.
    """
    def __new__(cls, fget=None, fset=None, fdel=None, doc=None):
        if fget is not None:
            @wraps(fget)
            def fget(instance, instance_type=None, name=fget.__name__):
                return getattr(instance, name)()
        if fset is not None:
            @wraps(fset)
            def fset(instance, value, name=fset.__name__):
                return getattr(instance, name)(value)
        if fdel is not None:
            @wraps(fdel)
            def fdel(instance, name=fdel.__name__):
                return getattr(instance, name)()
        return property(fget, fset, fdel, doc)


def partition(predicate, values):
    """
    Splits the values into two sets, based on the return value of the function
    (True/False). e.g.:

        >>> partition(lambda x: x > 3, range(5))
        [0, 1, 2, 3], [4]
    """
    results = ([], [])
    for item in values:
        results[predicate(item)].append(item)
    return results

if sys.version_info >= (2, 7, 2):
    from functools import total_ordering
else:
    # For Python < 2.7.2. total_ordering in versions prior to 2.7.2 is buggy.
    # See http://bugs.python.org/issue10042 for details. For these versions use
    # code borrowed from Python 2.7.3.
    def total_ordering(cls):
        """Class decorator that fills in missing ordering methods"""
        convert = {
            '__lt__': [('__gt__', lambda self, other: not (self < other or self == other)),
                       ('__le__', lambda self, other: self < other or self == other),
                       ('__ge__', lambda self, other: not self < other)],
            '__le__': [('__ge__', lambda self, other: not self <= other or self == other),
                       ('__lt__', lambda self, other: self <= other and not self == other),
                       ('__gt__', lambda self, other: not self <= other)],
            '__gt__': [('__lt__', lambda self, other: not (self > other or self == other)),
                       ('__ge__', lambda self, other: self > other or self == other),
                       ('__le__', lambda self, other: not self > other)],
            '__ge__': [('__le__', lambda self, other: (not self >= other) or self == other),
                       ('__gt__', lambda self, other: self >= other and not self == other),
                       ('__lt__', lambda self, other: not self >= other)]
        }
        roots = set(dir(cls)) & set(convert)
        if not roots:
            raise ValueError('must define at least one ordering operation: < > <= >=')
        root = max(roots)       # prefer __lt__ to __le__ to __gt__ to __ge__
        for opname, opfunc in convert[root]:
            if opname not in roots:
                opfunc.__name__ = opname
                opfunc.__doc__ = getattr(int, opname).__doc__
                setattr(cls, opname, opfunc)
        return cls
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  Source code for phonenumber_field.modelfields

# -*- coding: utf-8 -*-

from django.core import validators
from django.db import models
from django.utils.translation import ugettext_lazy as _
from phonenumber_field.validators import validate_international_phonenumber
from phonenumber_field import formfields
from phonenumber_field.phonenumber import PhoneNumber, to_python, string_types


class PhoneNumberDescriptor(object):
    """
    The descriptor for the phone number attribute on the model instance.
    Returns a PhoneNumber when accessed so you can do stuff like::

        >>> instance.phone_number.as_international

    Assigns a phone number object on assignment so you can do::

        >>> instance.phone_number = PhoneNumber(...)
    or
        >>> instance.phone_number = '+414204242'
    """

    def __init__(self, field):
        self.field = field

    def __get__(self, instance=None, owner=None):
        if instance is None:
            raise AttributeError(
                "The '%s' attribute can only be accessed from %s instances."
                % (self.field.name, owner.__name__))
        return instance.__dict__[self.field.name]

    def __set__(self, instance, value):
        instance.__dict__[self.field.name] = to_python(value)


class PhoneNumberField(models.Field):
    attr_class = PhoneNumber
    descriptor_class = PhoneNumberDescriptor
    default_validators = [validate_international_phonenumber]

    description = _("Phone number")

    def __init__(self, *args, **kwargs):
        kwargs['max_length'] = kwargs.get('max_length', 128)
        super(PhoneNumberField, self).__init__(*args, **kwargs)
        self.validators.append(validators.MaxLengthValidator(self.max_length))

    def get_internal_type(self):
        return "CharField"

    def get_prep_value(self, value):
        "Returns field's value prepared for saving into a database."
        if value is None or value == '':
            if not self.blank:
                return to_python(self.default)
            elif self.blank:
                return to_python(self.default) or ''

        value = to_python(value)
        if isinstance(value, string_types):
            # it is an invalid phone number
            return value
        return value.as_e164

    def contribute_to_class(self, cls, name):
        super(PhoneNumberField, self).contribute_to_class(cls, name)
        setattr(cls, self.name, self.descriptor_class(self))

    def formfield(self, **kwargs):
        defaults = {
            'form_class': formfields.PhoneNumberField,
        }
        defaults.update(kwargs)
        return super(PhoneNumberField, self).formfield(**defaults)

try:
    from south.modelsinspector import add_introspection_rules
    add_introspection_rules([
        (
            [PhoneNumberField],
            [],
            {},
        ),
    ], ["^phonenumber_field\.modelfields\.PhoneNumberField"])
except ImportError:
    pass
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  Source code for django_countries.fields

from __future__ import unicode_literals

try:
    from urllib import parse as urlparse
except ImportError:
    import urlparse   # Python 2

from django import forms
from django.db.models.fields import CharField, BLANK_CHOICE_DASH
from django.utils.encoding import force_text, python_2_unicode_compatible
from django.utils.functional import lazy

from django_countries import countries, ioc_data, widgets
from django_countries.conf import settings


@python_2_unicode_compatible
class Country(object):
    def __init__(self, code, flag_url=None):
        self.code = code
        self.flag_url = flag_url

    def __str__(self):
        return force_text(self.code or '')

    def __eq__(self, other):
        return force_text(self) == force_text(other or '')

    def __ne__(self, other):
        return not self.__eq__(other)

    def __hash__(self):
        return hash(force_text(self))

    def __repr__(self):
        if self.flag_url is None:
            repr_text = "{0}(code={1})"
        else:
            repr_text = "{0}(code={1}, flag_url={2})"
        return repr_text.format(
            self.__class__.__name__, repr(self.code), repr(self.flag_url))

    def __bool__(self):
        return bool(self.code)

    __nonzero__ = __bool__   # Python 2 compatibility.

    def __len__(self):
        return len(force_text(self))

    @property
    def name(self):
        return countries.name(self.code)

    @property
    def alpha3(self):
        return countries.alpha3(self.code)

    @property
    def numeric(self):
        return countries.numeric(self.code)

    @property
    def numeric_padded(self):
        return countries.numeric(self.code, padded=True)

    @property
    def flag(self):
        if not self.code:
            return ''
        flag_url = self.flag_url
        if flag_url is None:
            flag_url = settings.COUNTRIES_FLAG_URL
        url = flag_url.format(
            code_upper=self.code, code=self.code.lower())
        return urlparse.urljoin(settings.STATIC_URL, url)

    @staticmethod
    def country_from_ioc(ioc_code, flag_url=''):
        code = ioc_data.IOC_TO_ISO.get(ioc_code, '')
        if code == '':
            return None
        return Country(code, flag_url=flag_url)

    @property
    def ioc_code(self):
        return ioc_data.ISO_TO_IOC.get(self.code, '')


class CountryDescriptor(object):
    """
    A descriptor for country fields on a model instance. Returns a Country when
    accessed so you can do things like::

        >>> from people import Person
        >>> person = Person.object.get(name='Chris')

        >>> person.country.name
        'New Zealand'

        >>> person.country.flag
        '/static/flags/nz.gif'
    """
    def __init__(self, field):
        self.field = field

    def __get__(self, instance=None, owner=None):
        if instance is None:
            raise AttributeError(
                "The '%s' attribute can only be accessed from %s instances."
                % (self.field.name, owner.__name__))
        return Country(
            code=instance.__dict__[self.field.name],
            flag_url=self.field.countries_flag_url,
        )

    def __set__(self, instance, value):
        if value is not None:
            value = force_text(value)
        instance.__dict__[self.field.name] = value


class LazyTypedChoiceField(widgets.LazyChoicesMixin, forms.TypedChoiceField):
    """
    A form TypedChoiceField that respects choices being a lazy object.
    """
    widget = widgets.LazySelect

    def _set_choices(self, value):
        """
        Also update the widget's choices.
        """
        super(LazyTypedChoiceField, self)._set_choices(value)
        self.widget.choices = value


class CountryField(CharField):
    """
    A country field for Django models that provides all ISO 3166-1 countries as
    choices.
    """
    descriptor_class = CountryDescriptor

    def __init__(self, *args, **kwargs):
        countries_class = kwargs.pop('countries', None)
        self.countries = countries_class() if countries_class else countries
        self.countries_flag_url = kwargs.pop('countries_flag_url', None)
        self.blank_label = kwargs.pop('blank_label', None)
        kwargs.update({
            'max_length': 2,
            'choices': self.countries,
        })
        super(CharField, self).__init__(*args, **kwargs)

    def get_internal_type(self):
        return "CharField"

    def contribute_to_class(self, cls, name):
        super(CountryField, self).contribute_to_class(cls, name)
        setattr(cls, self.name, self.descriptor_class(self))

    def get_prep_lookup(self, lookup_type, value):
        if hasattr(value, 'code'):
            value = value.code
        return super(CountryField, self).get_prep_lookup(lookup_type, value)

    def pre_save(self, *args, **kwargs):
        "Returns field's value just before saving."
        value = super(CharField, self).pre_save(*args, **kwargs)
        return self.get_prep_value(value)

    def get_prep_value(self, value):
        "Returns field's value prepared for saving into a database."
        # Convert the Country to unicode for database insertion.
        if value is None or getattr(value, 'code', '') is None:
            return None
        return force_text(value)

    def deconstruct(self):
        """
        Remove choices from deconstructed field, as this is the country list
        and not user editable.

        Not including the ``blank_label`` property, as this isn't database
        related.
        """
        name, path, args, kwargs = super(CountryField, self).deconstruct()
        kwargs.pop('choices')
        if self.countries is not countries:
            # Include the countries class if it's not the default countries
            # instance.
            kwargs['countries'] = self.countries.__class__
        return name, path, args, kwargs

    def get_choices(
            self, include_blank=True, blank_choice=None, *args, **kwargs):
        if blank_choice is None:
            if self.blank_label is None:
                blank_choice = BLANK_CHOICE_DASH
            else:
                blank_choice = [('', self.blank_label)]
        return super(CountryField, self).get_choices(
            include_blank=include_blank, blank_choice=blank_choice, *args,
            **kwargs)

    get_choices = lazy(get_choices, list)

    def formfield(self, **kwargs):
        argname = 'choices_form_class'
        if argname not in kwargs:
            kwargs[argname] = LazyTypedChoiceField
        field = super(CharField, self).formfield(**kwargs)
        if not isinstance(field, LazyTypedChoiceField):
            field = self.legacy_formfield(**kwargs)
        return field

    def legacy_formfield(self, **kwargs):
        """
        Legacy method to fix Django LTS not allowing a custom choices form
        class.
        """
        from django.utils.text import capfirst

        defaults = {'required': not self.blank,
                    'label': capfirst(self.verbose_name),
                    'help_text': self.help_text}
        if self.has_default():
            if callable(self.default):
                defaults['initial'] = self.default
                defaults['show_hidden_initial'] = True
            else:
                defaults['initial'] = self.get_default()
        include_blank = (self.blank or
                         not (self.has_default() or 'initial' in kwargs))
        defaults['choices'] = self.get_choices(include_blank=include_blank)
        defaults['coerce'] = self.to_python
        if self.null:
            defaults['empty_value'] = None
        form_class = LazyTypedChoiceField
        # Many of the subclass-specific formfield arguments (min_value,
        # max_value) don't apply for choice fields, so be sure to only pass
        # the values that TypedChoiceField will understand.
        for k in kwargs.keys():
            if k not in ('coerce', 'empty_value', 'choices', 'required',
                         'widget', 'label', 'initial', 'help_text',
                         'error_messages', 'show_hidden_initial'):
                del kwargs[k]
        defaults.update(kwargs)
        return form_class(**defaults)


# If south is installed, ensure that CountryField will be introspected just
# like a normal CharField.
try:  # pragma: no cover
    from south.modelsinspector import add_introspection_rules
    add_introspection_rules([], ['^django_countries\.fields\.CountryField'])
except ImportError:
    pass
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