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Welcome to django_event’s documentation!

Django Event is notification system framework that allows you to push notifications to the browser.


Installing

First you need pip.
Use your OS’s package system to install it.
On ubuntu you can install it like this:

apt-get install python-pip





And it is highly recommended you to use python virtual environment. See Virtualenv docs [https://virtualenv.readthedocs.org/en/latest/].

After that you need to install django-event:

pip install git+https://github.com/ailove-dev/django-event





If you use Django Rest Framework and want to django-event provided REST api’s for events use following command:

pip install git+https://github.com/ailove-dev/django-event[rest_framework_api]
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django_event.utils

Utilities event module.


	
django_event.utils.get_routing(user, routing_strategy)[source]

	Get routing key needed by event or listener.





	Parameters:	
	user (User) – User to be routed.

	routing_strategy (str) – How it can compute routing key.






	Returns:	Routing key for RabbitMQ.




	Return type:	str












	
django_event.utils.import_var(var_path)[source]

	Imports variable.





	Parameters:	var_path (str) – Module path in python representation.


	Returns:	Imported variable e.g. classes etc.


	Return type:	Anything you import.


	Raise:	ImportError if invalid module path passed into.










	
django_event.utils.try_import_or_runtime_error(module, message)[source]

	Trying to import module. No-op if imported. Raises RuntimeError
with given message otherwise.





	Parameters:	
	module (str) – Module name.

	message (str) – Error message.






	Raise:	RuntimeError if module doesn’t exist.














django_event.settings

Available django-event settings:

from django.conf import settings


event_settings = settings.DJANGO_EVENT


BACKEND = event_settings.get('BACKEND', 'rabbitmq')
BACKEND_OPTIONS = event_settings.get('BACKEND_OPTIONS', {})

TORNADO_OPTIONS = event_settings.get('TORNADO_OPTIONS', {})

LISTENERS = event_settings.get('LISTENERS', {})

STORE_DAYS = event_settings.get('STORE_DAYS', 7)

EVENT_MODEL = event_settings.get('EVENT_MODEL', 'django_event.Event')

AVAILABLE_TYPES = [key for key in LISTENERS.iterkeys()]








django_event.publisher.models

Core event model module.

You must handle old events by yourself using cron or celery worker.


	
class django_event.models.AbstractBaseEvent(*args, **kwargs)[source]

	Bases: django.db.models.base.Model

An abstract base class implementing a fully featured Event model.
Majority of model methods have custom_message parameter in case if you
don’t like/need default message protocol.
Most of the methods are for private need i.e. all on_* methods. Be sure
to not use these methods directly.


	
class Meta[source]

	
	
abstract = False

	




	
verbose_name = <django.utils.functional.__proxy__ object>

	




	
verbose_name_plural = <django.utils.functional.__proxy__ object>

	








	
AbstractBaseEvent.cancel(custom_message=None)[source]

	Cancel executing event.
If custom message passed it will send it instead of default message.





	Parameters:	custom_message (JSON serializable object.) – Custom message.










	
AbstractBaseEvent.complete(result, status=True, custom_message=None, callback=<function <lambda>>, errback=<function <lambda>>)[source]

	Complete event and save state into database. It will always call passed
callback.





	Parameters:	
	result (JSON serializable object.) – Task result.

	status (bool) – Describes task result status e.g. task raised exception
will set False status.

	custom_message (JSON serializable object.) – Custom message.

	callback (callable object) – Callback after event ended with success.

	errback (callable object) – Callback after event ended with error.














	
classmethod AbstractBaseEvent.create(progress_throttling=0.1, routing_strategy=u'', *args, **kwargs)[source]

	Fabric method for event creature. Use this as main event creature
source.





	Parameters:	
	progress_throttling (float) – Describes how often event will send
progress messages when user increments progress via
increment_progress() method. Event will not send
any progress messages with out user actions on
increment_progress(). If you don’t need progress you may not
specify this parameter and not use increment_progress() method.

	routing_strategy (str) – Routing strategy e.g. what listeners will do
with messages. Empty strategy means you want to deliver notification to
all subscribed clients.

	args – Model init args

	kwargs – Model init kwargs






	Returns:	Created and configured event.




	Return type:	Event












	
classmethod AbstractBaseEvent.delete_old()[source]

	Deletes old events.






	
AbstractBaseEvent.failure

	Shortcut for event status.





	Returns:	True if event failed else False.


	Return type:	bool










	
AbstractBaseEvent.get_next_by_created_at(*moreargs, **morekwargs)

	




	
AbstractBaseEvent.get_previous_by_created_at(*moreargs, **morekwargs)

	




	
AbstractBaseEvent.increment_progress(progress_delta, custom_message=None)[source]

	Increments event progress with out saving to database.
If custom message passed it will send it instead of default message.





	Parameters:	
	progress_delta (float) – Progress delta.

	custom_message (JSON serializable object.) – Custom message.














	
AbstractBaseEvent.may_be_canceled

	Shortcut for event state.





	Returns:	Check if event may be canceled.


	Return type:	bool










	
AbstractBaseEvent.may_be_retried

	Shortcut for event state.





	Returns:	Check if event may be retried.


	Return type:	bool










	
AbstractBaseEvent.on_cancel(custom_message)[source]

	Cancel callback. Sends message to subscribed clients.





	Parameters:	custom_message (JSON serializable object.) – Custom message.










	
AbstractBaseEvent.on_complete(custom_message, callback, errback)[source]

	Complete callback. Dispatch between success and error status.





	Parameters:	
	custom_message (JSON serializable object.) – Custom message.

	callback (callable object) – Callback after event ended with success.

	errback (callable object) – Callback after event ended with error.














	
AbstractBaseEvent.on_error(custom_message, errback)[source]

	Error callback. Sends message to subscribed clients.





	Parameters:	
	custom_message (JSON serializable object.) – Custom message

	errback (callable object) – Errback after event ended with error.














	
AbstractBaseEvent.on_progress_change(custom_message)[source]

	Progress change callback. Sends message to subscribed clients.





	Parameters:	custom_message (JSON serializable object.) – Custom message.










	
AbstractBaseEvent.on_retry(custom_message)[source]

	Cancel callback. Sends message to subscribed clients.





	Parameters:	custom_message (JSON serializable object.) – Custom message.










	
AbstractBaseEvent.on_start(custom_message)[source]

	Start callback. Sends message to subscribed clients.
If custom message passed it will send it instead of default message.





	Parameters:	custom_message (JSON serializable object.) – Custom message.










	
AbstractBaseEvent.on_success(custom_message, callback)[source]

	Success callback. Sends message to subscribed clients.





	Parameters:	
	custom_message (JSON serializable object.) – Custom message

	callback (callable object) – Callback after event ended with success.














	
AbstractBaseEvent.retry(custom_message=None, request=None, **kwargs)[source]

	Retry not completed event.
If custom message passed it will send it instead of default message.





	Parameters:	custom_message (JSON serializable object.) – Custom message.










	
AbstractBaseEvent.send_email()[source]

	Sends email to user after event is done.

TODO: implement email sending.






	
AbstractBaseEvent.send_message(message, content_type, broadcast=False, callback=<function <lambda>>)[source]

	Send custom message to subscribed clients and execute passed callback.





	Parameters:	
	message (str) – Message.

	content_type (str) – Message content type.

	broadcast (bool) – True if you need broadcast.

	callback (callable object) – Callback after message send.














	
AbstractBaseEvent.start(custom_message=None, callback=<function <lambda>>)[source]

	Start event and save state into database. It will always call passed
callback.





	Parameters:	
	custom_message (JSON serializable object.) – Overrides default message.

	callback (callable object) – Callback after event started














	
AbstractBaseEvent.success

	Shortcut for event status.





	Returns:	True if event succeed else False.


	Return type:	bool










	
AbstractBaseEvent.try_custom(message)[source]

	Custom message helper method. Publish message if present and return
True, False otherwise.





	Parameters:	message (JSON serializable object.) – Custom message.










	
AbstractBaseEvent.user

	




	
AbstractBaseEvent.view()[source]

	Mark instance as viewed.










	
class django_event.models.EventQuerySet(model=None, query=None, using=None, hints=None)[source]

	Bases: django.db.models.query.QuerySet

Event query set and manager.
Defines some useful shortcuts.


	
completed()[source]

	Completed events.





	Returns:	Completed events.


	Return type:	EventQuerySet










	
failed()[source]

	Failed events.





	Returns:	Failed events.


	Return type:	EventQuerySet










	
mark_viewed()[source]

	Mark completed events as viewed.






	
not_completed()[source]

	Not completed events.





	Returns:	Not completed events.


	Return type:	EventQuerySet










	
not_viewed()[source]

	Not viewed events.





	Returns:	Not viewed events.


	Return type:	EventQuerySet










	
old()[source]

	Old events.





	Returns:	Old events.


	Return type:	EventQuerySet










	
successful()[source]

	Successful events.





	Returns:	Successful events.


	Return type:	EventQuerySet










	
viewed()[source]

	Viewed events.





	Returns:	Viewed events.


	Return type:	EventQuerySet














	
django_event.models.get_event_model()[source]

	Helper for getting event swappable model.





	Returns:	Event model










	
class django_event.models.Event(*args, **kwargs)[source]

	Default event model.


	
complete(result, status=True, custom_message=None, callback=lambda event: None, errback=lambda event: None)

	Complete event and save state into database. It will always call passed
callback.





	Parameters:	
	result (JSON serializable object.) – Task result.

	status (bool) – Describes task result status e.g. task raised exception
will set False status.

	custom_message (JSON serializable object.) – Custom message.

	callback (callable object) – Callback after event ended with success.

	errback (callable object) – Callback after event ended with error.














	
send_message(message, content_type, broadcast=False, callback=lambda event: None)

	Send custom message to subscribed clients and execute passed callback.





	Parameters:	
	message (str) – Message.

	content_type (str) – Message content type.

	broadcast (bool) – True if you need broadcast.

	callback (callable object) – Callback after message send.














	
start(custom_message=None, callback=lambda event: None)

	Start event and save state into database. It will always call passed
callback.





	Parameters:	
	custom_message (JSON serializable object.) – Overrides default message.

	callback (callable object) – Callback after event started
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django_event.management.commands


django_event.management.commands.deleteoldevents


	
class django_event.management.commands.deleteoldevents.Command[source]

	Bases: django.core.management.base.NoArgsCommand

Django command to delete old events.


	
handle_noargs(**options)[source]

	










django_event.management.commands.runwebsocketserver
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django_event.publisher



	django_event.publisher.rest_framework
	django_event.publisher.rest_framework.serializers

	django_event.publisher.rest_framework.urls

	django_event.publisher.rest_framework.views










django_event.publisher.decorator

Core publisher client module.
Basically you should use this decorator instead of manually write events into
database.
Decorator specifies some overridable methods if you need basic customization.

Usage examples:

Defining event task:

@event(event_type='some_type', routing_strategy='')
def some_task(event_request, event):
    argument = event_request.custom_argument
    return some_processed_data(event_request.data, event)





And call:

some_task.delay(EventRequest(django_request, custom_argument=123))





You can know more about .delay() or other methods in Celery docs.


	
class django_event.publisher.decorator.event(event_type='', send_mail=False, progress_throttling=0.1, routing_strategy='', task_kwargs=None, on_start=lambda _event: None, on_success=lambda _event: None, on_error=lambda _event: None)[source]

	Bases: object

Main client publisher interface.
Decorates function and return celery task.

Automatically start and end event after celery started/completed the
task. You must pass EventRequest into decorated function.
EventRequest can accept keyword arguments needed by wrapped
function which are not required but django request are required by internal
needs. This decorator automatically set EventRequest and
Event instances as wrapped function arguments.

Wrapped func may raise specific exception EventError used to notify
subscribers about failure. Basically this decorator will handle only that
type of exceptions. Be sure you handle all raised exception in wrapped func
otherwise it will pass outside decorator and into database as well.


	
__call__(func)[source]

	Wraps passed function into Celery Task.





	Parameters:	func (callable object) – Function to be wrapped.


	Returns:	Celery task instance.


	Return type:	Celery Task










	
__init__(event_type='', send_mail=False, progress_throttling=0.1, routing_strategy='', task_kwargs=None, on_start=lambda _event: None, on_success=lambda _event: None, on_error=lambda _event: None)[source]

	



	Parameters:	
	event_type (str) – Event type, using in message routing.

	send_mail (bool) – Send email after event is done.

	progress_throttling (float) – Describes how often event will send
progress messages. See Event docs for more information
about this parameter.

	routing_strategy (str) – Routing strategy e.g. what listeners will do
with messages. Empty strategy means you want to deliver notification to
all subscribed clients. See Event docs for more information
about this parameter.

	task_kwargs (dict) – Celery task arguments.

	on_start (str) – Event start callback.

	on_success (callable object) – Event success callback.

	on_error (callable object) – Event error callback.














	
complete_event()[source]

	Ends event.
Override this if you want to customize message.






	
create_event()[source]

	Create event model with passing arguments.
Basically you dont need to manually create event.






	
start_event()[source]

	Starts event.
Override this if you want to customize message.












django_event.publisher.exceptions

Exceptions module.


	
exception django_event.publisher.exceptions.EventError[source]

	Bases: exceptions.Exception

Using to notify subscribed clients about event failure.








django_event.publisher.publisher




django_event.publisher.request

Event request module.

Usage examples:
You can pass custom arguments into decorated function which are not required.

EventRequest(django_request, custom_argument=123)





But django request is must for event.

EventRequest(django_request)






	
class django_event.publisher.request._DummyRequest(data, user)[source]

	Private class that emulates Django Request class.






	
class django_event.publisher.request._DummyUser(user_id)[source]

	Private class that emulates Django User class.






	
class django_event.publisher.request.EventRequest(django_request, **kwargs)[source]

	Bases: object

Event request class user to pass arguments to decorated events.


	
__getattr__(item)[source]

	Magick method for dot notation for custom task arguments.






	
static deserialize(json_request, return_dummy=False)[source]

	Deserialize JSON request and returns EventRequest instance or
dict which contains Dummy classes.





	Parameters:	
	json_request (str) – JSON serialized event request.

	return_dummy (bool) – Return EventRequest or dict with dummies.






	Returns:	Deserialized instance.




	Return type:	EventRequest or dict












	
serialize()[source]

	Serialize event request into JSON for database storing.





	Returns:	JSON serialized event request.


	Return type:	str
















django_event.publisher.views

Synchronous views for django to get/cancel or retry events.


	
class django_event.publisher.views.CancelEventView(**kwargs)[source]

	Bases: django_event.publisher.views.LoginRequiredMixin, django_event.publisher.views.EventDetailMixin, django.views.generic.base.View

Base cancel event view class.


	
cancel(pk)[source]

	Returns True if event is successfully canceled False otherwise.





	Parameters:	pk (int) – Event id.


	Returns:	True if canceled else False.


	Return type:	bool










	
post(request, pk)[source]

	








	
class django_event.publisher.views.EventDetailMixin[source]

	Bases: django_event.publisher.views.EventListMixin

Event view mixin class with overrided get_object() method.


	
get_object(pk, queryset=None)[source]

	Returns user-owned event by id.





	Returns:	QuerySet of user-owned events.


	Return type:	Event














	
class django_event.publisher.views.EventDetailView(**kwargs)[source]

	Bases: django_event.publisher.views.LoginRequiredMixin, django_event.publisher.views.EventDetailMixin, django.views.generic.detail.DetailView

Base event detail view class.






	
class django_event.publisher.views.EventListMixin[source]

	Bases: object

Event view mixin class with overrided get_queryset() method.


	
get_queryset()[source]

	Returns user-owned events.





	Returns:	QuerySet of user-owned events.


	Return type:	EventQuerySet










	
model

	alias of Event










	
class django_event.publisher.views.EventListView(**kwargs)[source]

	Bases: django_event.publisher.views.LoginRequiredMixin, django_event.publisher.views.EventListMixin, django.views.generic.list.ListView

Base event list view class.






	
class django_event.publisher.views.EventTypesView(**kwargs)[source]

	Bases: django_event.publisher.views.LoginRequiredMixin, django.views.generic.base.View

Event types view.


	
get(request)[source]

	Return event types.










	
class django_event.publisher.views.LoginRequiredMixin[source]

	Bases: object

Event view mixin class with overrided dispatch() method to restrict
anonymous users.


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

	Override dispatch to implement auth restriction.





	Parameters:	request (HttpRequest) – Incoming request.


	Returns:	Response.


	Return type:	HttpResponse














	
class django_event.publisher.views.RetryEventView(**kwargs)[source]

	Bases: django_event.publisher.views.LoginRequiredMixin, django_event.publisher.views.EventDetailMixin, django.views.generic.base.View

Base retry event view class.


	
post(request, pk)[source]

	




	
retry(pk)[source]

	Returns new event id if it successfully retried event None otherwise.





	Parameters:	pk (int) – Event id.


	Returns:	New event id if retried else None.


	Return type:	int or None














	
django_event.publisher.views.cancel_event(request, *args, **kwargs)

	Base cancel event view class.






	
django_event.publisher.views.event_detail(request, *args, **kwargs)

	Base event detail view class.






	
django_event.publisher.views.event_list(request, *args, **kwargs)

	Base event list view class.






	
django_event.publisher.views.event_types(request, *args, **kwargs)

	Event types view.






	
django_event.publisher.views.retry_event(request, *args, **kwargs)

	Base retry event view class.








django_event.publisher.urls

Urls for django.

urlpatterns = patterns(
    '',
    url(
        r'^$',
        event_list,
        name='event_list'
    ),
    url(
        r'^(?P<pk>[0-9]+)/$',
        event_detail,
        name='event_detail'
    ),
    url(
        r'^(?P<pk>[0-9]+)/cancel/$',
        cancel_event,
        name='cancel_event'
    ),
    url(
        r'^(?P<pk>[0-9]+)/retry/$',
        retry_event,
        name='retry_event'
    ),
)
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django_event.publisher.rest_framework


django_event.publisher.rest_framework.serializers

Serializers module for django rest_framework.


	
class django_event.publisher.rest_framework.serializers.EventSerializer(instance=None, data=None, files=None, context=None, partial=False, many=None, allow_add_remove=False, **kwargs)[source]

	Bases: rest_framework.serializers.ModelSerializer

Specifies which fields should be serialized and overrides date fields to
return local time instead of server time.


	
class Meta[source]

	
	
model

	alias of Event






	
exclude = ('event_request', 'task_name', 'task_id')

	












	
class django_event.publisher.rest_framework.serializers.LocalDateTimeField(input_formats=None, format=None, *args, **kwargs)[source]

	Bases: rest_framework.fields.DateTimeField

Automatically converts server time into local time.


	
to_representation(value)[source]

	Converts UTC to local time.





	Parameters:	value (DateTime) – UTC datetime from db.
















django_event.publisher.rest_framework.urls

Urls for django.

urlpatterns = patterns(
    '',
    url(
        r'^$',
        event_list,
        name='event_list'
    ),
    url(
        r'^(?P<pk>[0-9]+)/$',
        event_detail,
        name='event_detail'
    ),
    url(
        r'^(?P<pk>[0-9]+)/cancel/$',
        cancel_event,
        name='cancel_event'
    ),
    url(
        r'^(?P<pk>[0-9]+)/retry/$',
        retry_event,
        name='retry_event'
    ),
)








django_event.publisher.rest_framework.views

Synchronous views for django to get/cancel or retry events.


	
class django_event.publisher.rest_framework.views.CancelEventView(**kwargs)[source]

	Bases: rest_framework.views.APIView

Cancel executing event.


	
permission_classes = (<class 'rest_framework.permissions.IsAuthenticated'>,)

	








	
class django_event.publisher.rest_framework.views.EventDetailView(**kwargs)[source]

	Bases: rest_framework.views.APIView

Retrieve specific user event.


	
permission_classes = (<class 'rest_framework.permissions.IsAuthenticated'>,)

	




	
queryset

	




	
serializer_class

	alias of EventSerializer










	
class django_event.publisher.rest_framework.views.EventTypesView(**kwargs)[source]

	Bases: rest_framework.views.APIView

Event types view.


	
permission_classes = (<class 'rest_framework.permissions.IsAuthenticated'>,)

	








	
class django_event.publisher.rest_framework.views.RetryEventView(**kwargs)[source]

	Bases: rest_framework.views.APIView

Retry not completed event.


	
permission_classes = (<class 'rest_framework.permissions.IsAuthenticated'>,)

	








	
django_event.publisher.rest_framework.views.cancel_event(*args, **kwargs)

	Cancel executing event.






	
django_event.publisher.rest_framework.views.event_detail(*args, **kwargs)

	Retrieve specific user event.






	
django_event.publisher.rest_framework.views.event_list(*args, **kwargs)

	List all user events.






	
django_event.publisher.rest_framework.views.event_types(*args, **kwargs)

	Event types view.






	
django_event.publisher.rest_framework.views.retry_event(*args, **kwargs)

	Retry not completed event.






	
class django_event.publisher.rest_framework.views.EventListView(**kwargs)[source]

	Bases: rest_framework.generics.ListAPIView

List all user events.


	
filter_backends = (filters.OrderingFilter, )

	Filter backend. Provides basic ordering.






	
get(request, *args, **kwargs)[source]

	Get user events
—






	
serializer_class

	alias of EventSerializer
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django_event.rabbitmq


django_event.rabbitmq.client
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django_event.subscriber


django_event.subscriber.connection




django_event.subscriber.listeners

Base listener module.


	
class django_event.subscriber.listeners.Listener(user)[source]

	Bases: object

Abstract base listener class. Listeners used by subscribers.


	
executor = <concurrent.futures.thread.ThreadPoolExecutor object>

	




	
classmethod get_listener(*args, **kwargs)[source]

	Fabric method for listener subclasses.
Imports listener by type and returns it.





	Parameters:	event_type (str) – Event type.


	Returns:	Listener module that will process certain type of messages.


	Return type:	Listener subclass










	
io_loop = <tornado.platform.epoll.EPollIOLoop object>

	




	
on_message(message)[source]

	Abstract method. Specifies on message behaviour.





	Parameters:	message (str) – Received message.


	Raise:	NotImplementedError










	
routing_matched()[source]

	Computes routing key for current user and compares with received
message’s routing key.





	Returns:	True if routing key matched.


	Return type:	bool














	
class django_event.subscriber.listeners.SendMessageListener(user, sender)[source]

	Bases: django_event.subscriber.listeners.Listener

Base listener for send message through SockJS connection.


	
on_message(message)[source]

	Sends message if routing key matched.





	Parameters:	message (str) – Received message.
















django_event.subscriber.subscriber
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#!/usr/bin/env python
#
# Copyright 2012 Facebook
#
# Licensed under the Apache License, Version 2.0 (the "License"); you may
# not use this file except in compliance with the License. You may obtain
# a copy of the License at
#
#     http://www.apache.org/licenses/LICENSE-2.0
#
# Unless required by applicable law or agreed to in writing, software
# distributed under the License is distributed on an "AS IS" BASIS, WITHOUT
# WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied. See the
# License for the specific language governing permissions and limitations
# under the License.
"""EPoll-based IOLoop implementation for Linux systems."""
from __future__ import absolute_import, division, print_function, with_statement

import select

from tornado.ioloop import PollIOLoop


class EPollIOLoop(PollIOLoop):
    def initialize(self, **kwargs):
        super(EPollIOLoop, self).initialize(impl=select.epoll(), **kwargs)
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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 RemovedInDjango20Warning
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

        is_valid_id = (related_name and re.match('^[a-zA-Z_][a-zA-Z0-9_]*$', related_name)
                       and not keyword.iskeyword(related_name))
        if related_name and 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.",
            RemovedInDjango20Warning, 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 not self.related.field.allow_unsaved_instance_assignment and 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:
                pk = value._get_pk_val()
                if not self.field.allow_unsaved_instance_assignment and pk is None:
                    raise ValueError(
                        'Cannot assign "%r": "%s" instance isn\'t saved in the database.' %
                        (value, self.field.rel.to._meta.object_name)
                    )
                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(getattr(inst, f.attname) 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 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

    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_event.models

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

"""
Core event model module.

You must handle old events by yourself using cron or celery worker.
"""

from __future__ import unicode_literals

import threading
from datetime import timedelta

import celery
from django.apps.registry import apps
from django.conf import ImproperlyConfigured
from django.conf import settings as app_settings
from django.contrib.auth.models import User
from django.db import models
from django.utils import timezone
from django.utils.encoding import python_2_unicode_compatible
from django.utils.translation import ugettext_lazy as _

from django_event import settings
from django_event.utils import get_routing
from django_event.backends import Backend
from django_event.publisher.request import EventRequest


[docs]class EventQuerySet(models.QuerySet):
    """
    Event query set and manager.
    Defines some useful shortcuts.
    """

[docs]    def not_viewed(self):
        """
        Not viewed events.

        :return: Not viewed events.
        :rtype: :class:`EventQuerySet`
        """

        return self.filter(viewed=False)


[docs]    def viewed(self):
        """
        Viewed events.

        :return: Viewed events.
        :rtype: :class:`EventQuerySet`
        """

        return self.filter(viewed=True)


[docs]    def old(self):
        """
        Old events.

        :return: Old events.
        :rtype: :class:`EventQuerySet`
        """

        storing_days = settings.STORE_DAYS
        return self.filter(
            completed_at__lte=timezone.now() - timedelta(days=storing_days)
        )


[docs]    def completed(self):
        """
        Completed events.

        :return: Completed events.
        :rtype: :class:`EventQuerySet`
        """

        return self.filter(completed=True)


[docs]    def not_completed(self):
        """
        Not completed events.

        :return: Not completed events.
        :rtype: :class:`EventQuerySet`
        """

        return self.filter(completed=False)


[docs]    def successful(self):
        """
        Successful events.

        :return: Successful events.
        :rtype: :class:`EventQuerySet`
        """

        return self.filter(completed=True, status=True)


[docs]    def failed(self):
        """
        Failed events.

        :return: Failed events.
        :rtype: :class:`EventQuerySet`
        """

        return self.filter(completed=True, status=False)


[docs]    def mark_viewed(self):
        """
        Mark completed events as viewed.
        """

        self.completed().not_viewed().update(viewed=True)




@python_2_unicode_compatible
[docs]class AbstractBaseEvent(models.Model):
    """
    An abstract base class implementing a fully featured Event model.
    Majority of model methods have custom_message parameter in case if you
    don't like/need default message protocol.
    Most of the methods are for private need i.e. all on_* methods. Be sure
    to not use these methods directly.
    """

[docs]    class Meta:
        verbose_name = _('Event')
        verbose_name_plural = _('Events')
        abstract = True


    objects = EventQuerySet.as_manager()

    user = models.ForeignKey(getattr(app_settings, 'AUTH_USER_MODEL', User),
                             verbose_name=_('user'))
    type = models.CharField(max_length=30, verbose_name=_('event type'))
    send_mail = models.BooleanField(default=False, verbose_name=_('send mail'))

    task_id = models.CharField(max_length=256, null=True)
    task_name = models.CharField(max_length=256, editable=False)
    event_request = models.TextField(null=True)

    created_at = models.DateTimeField(auto_now_add=True,
                                      verbose_name=_('created at'))
    started_at = models.DateTimeField(null=True,
                                      verbose_name=_('started at'))
    completed_at = models.DateTimeField(null=True,
                                        verbose_name=_('completed at'))

    started = models.BooleanField(default=False, verbose_name=_('started'))
    completed = models.BooleanField(default=False, verbose_name=_('completed'))
    canceled = models.BooleanField(default=False, verbose_name=_('canceled'))
    retried = models.BooleanField(default=False, verbose_name=_('retried'))
    viewed = models.BooleanField(default=False, verbose_name=_('viewed'))

    status = models.BooleanField(default=True, verbose_name=_('status'))
    result = models.TextField(null=True, verbose_name=_('result'))

    def __init__(self, *args, **kwargs):
        """
        Init model method. You don't basically need to call this method
        manually. Instead use .create() method.

        :param args: Model args.
        :param kwargs: Model kwargs.
        """

        super(AbstractBaseEvent, self).__init__(*args, **kwargs)

        self._publisher = Backend.blocking_publisher()
        self._progress = 0.0
        self._retried_id = None
        self._progress_throttling = None
        self._routing_strategy = None
        self._routing_key = None
        self._lock = threading.Lock()

    def __str__(self):
        return _("Event | %(id)s | %(type)s") % {
            'id': self.id,
            'type': self.type
        }

    @classmethod
[docs]    def create(cls,
               progress_throttling=0.1,
               routing_strategy='',
               *args, **kwargs):
        """
        Fabric method for event creature. Use this as main event creature
        source.

        :param progress_throttling: Describes how often event will send
         progress messages when user increments progress via
         :func:`increment_progress` method. :class:`Event` will not send
         any progress messages with out user actions on
         :func:`increment_progress`. If you don't need progress you may not
         specify this parameter and not use :func:`increment_progress` method.
        :type progress_throttling: :class:`float`

        :param routing_strategy: Routing strategy e.g. what listeners will do
         with messages. Empty strategy means you want to deliver notification to
         all subscribed clients.
        :type routing_strategy: :class:`str`

        :param args: Model init args

        :param kwargs: Model init kwargs

        :return: Created and configured event.
        :rtype: :class:`Event`
        """

        event = cls(*args, **kwargs)
        event._progress_throttling = progress_throttling
        event._routing_strategy = routing_strategy
        event._routing_key = get_routing(event.user, routing_strategy)
        return event

    ############################################################################
    # SHORTCUTS
    ############################################################################


    @property
    def failure(self):
        """
        Shortcut for event status.

        :return: True if event failed else False.
        :rtype: :class:`bool`
        """

        return True if not self.status else False

    @property
    def success(self):
        """
        Shortcut for event status.

        :return: True if event succeed else False.
        :rtype: :class:`bool`
        """

        return not self.failure

    @property
    def may_be_retried(self):
        """
        Shortcut for event state.

        :return: Check if event may be retried.
        :rtype: :class:`bool`
        """

        return (self.canceled or self.failure) and not self.retried

    @property
    def may_be_canceled(self):
        """
        Shortcut for event state.

        :return: Check if event may be canceled.
        :rtype: :class:`bool`
        """

        return (
            self.started
            and not self.completed and not self.canceled and not self.retried
        )

    @classmethod
[docs]    def delete_old(cls):
        """
        Deletes old events.
        """

        cls.objects.viewed().old().delete()


[docs]    def view(self):
        """
        Mark instance as viewed.
        """

        self.viewed = True
        self.save()

    ############################################################################
    # EXECUTING METHODS
    ############################################################################


[docs]    def start(self,
              custom_message=None,
              callback=lambda event: None):
        """
        Start event and save state into database. It will always call passed
        callback.

        :param custom_message: Overrides default message.
        :type custom_message: JSON serializable object.

        :param callback: Callback after event started
        :type callback: callable object
        """

        self.started = True
        self.started_at = timezone.now()
        self.save()

        self._publisher.connect()
        self.on_start(custom_message)
        callback(self)


[docs]    def complete(self,
                 result,
                 status=True,
                 custom_message=None,
                 callback=lambda event: None,
                 errback=lambda event: None):
        """
        Complete event and save state into database. It will always call passed
        callback.

        :param result: Task result.
        :type result: JSON serializable object.

        :param status: Describes task result status e.g. task raised exception
         will set False status.

        :type status: :class:`bool`

        :param custom_message: Custom message.
        :type custom_message: JSON serializable object.

        :param callback: Callback after event ended with success.
        :type callback: callable object

        :param errback: Callback after event ended with error.
        :type errback: callable object
        """

        self.completed = True
        self.status = status
        self.result = result
        self.completed_at = timezone.now()
        self.save()

        self.on_complete(custom_message, callback, errback)
        self._publisher.disconnect()


[docs]    def increment_progress(self, progress_delta, custom_message=None):
        """
        Increments event progress with out saving to database.
        If custom message passed it will send it instead of default message.

        :param progress_delta: Progress delta.
        :type progress_delta: :class:`float`

        :param custom_message: Custom message.
        :type custom_message: JSON serializable object.
        """

        with self._lock:
            if self._progress + progress_delta > 100.0:
                self._progress = 99.9
            else:
                self._progress += progress_delta
            if progress_delta >= self._progress_throttling:
                self.on_progress_change(custom_message)


[docs]    def retry(self, custom_message=None, request=None, **kwargs):
        """
        Retry not completed event.
        If custom message passed it will send it instead of default message.

        :param custom_message: Custom message.
        :type custom_message: JSON serializable object.
        """

        if not request or not kwargs:
            retry_request = EventRequest.deserialize(self.event_request)
        else:
            retry_request = EventRequest(request, **kwargs)
        new_task_id = celery.current_app.send_task(
            self.task_name,
            args=(retry_request, )
        ).id
        self.retried = True
        self.viewed = True
        self.save()
        self.on_retry(custom_message)

        self._retried_id = self.__class__.objects.get(task_id=new_task_id).id
        return self._retried_id


[docs]    def cancel(self, custom_message=None):
        """
        Cancel executing event.
        If custom message passed it will send it instead of default message.

        :param custom_message: Custom message.
        :type custom_message: JSON serializable object.
        """

        celery.task.control.revoke(self.task_id, terminate=True)
        self.canceled = True
        self.viewed = True
        self.save()
        self.on_cancel(custom_message)

    ############################################################################
    # CALLBACKS
    ############################################################################


[docs]    def on_start(self, custom_message):
        """
        Start callback. Sends message to subscribed clients.
        If custom message passed it will send it instead of default message.

        :param custom_message: Custom message.
        :type custom_message: JSON serializable object.
        """

        self.try_custom(custom_message) or self._publisher.publish_message({
            'message': {
                self.id: {
                    'type': self.type,
                    'action': 'started',
                    'status': None,
                    'body': None,
                    'error': None
                }
            },
            'routing_strategy': self._routing_strategy,
            'routing_key': self._routing_key
        }, channel=self.type)


[docs]    def on_complete(self, custom_message, callback, errback):
        """
        Complete callback. Dispatch between success and error status.

        :param custom_message: Custom message.
        :type custom_message: JSON serializable object.

        :param callback: Callback after event ended with success.
        :type callback: callable object

        :param errback: Callback after event ended with error.
        :type errback: callable object
        """

        if not self.status:
            self.on_error(custom_message, errback)
        self.on_success(custom_message, callback)


[docs]    def on_success(self, custom_message, callback):
        """
        Success callback. Sends message to subscribed clients.

        :param custom_message: Custom message
        :type custom_message: JSON serializable object.

        :param callback: Callback after event ended with success.
        :type callback: callable object
        """

        self.try_custom(custom_message) or self._publisher.publish_message({
            'message': {
                self.id: {
                    'type': self.type,
                    'action': 'completed',
                    'status': 'success',
                    'body': self.result,
                    'error': None
                }
            },
            'routing_strategy': self._routing_strategy,
            'routing_key': self._routing_key
        }, channel=self.type)
        callback(self)


[docs]    def on_error(self, custom_message, errback):
        """
        Error callback. Sends message to subscribed clients.

        :param custom_message: Custom message
        :type custom_message: JSON serializable object.

        :param errback: Errback after event ended with error.
        :type errback: callable object
        """

        self.try_custom(custom_message) or self._publisher.publish_message({
            'message': {
                self.id: {
                    'type': self.type,
                    'action': 'completed',
                    'status': 'error',
                    'body': None,
                    'error': self.result
                }
            },
            'routing_strategy': self._routing_strategy,
            'routing_key': self._routing_key
        }, channel=self.type)
        errback(self)


[docs]    def on_progress_change(self, custom_message):
        """
        Progress change callback. Sends message to subscribed clients.

        :param custom_message: Custom message.
        :type custom_message: JSON serializable object.
        """

        self.try_custom(custom_message) or self._publisher.publish_message({
            'message': {
                self.id: {
                    'type': self.type,
                    'action': 'progress_change',
                    'status': self._progress,
                    'body': None,
                    'error': None
                }
            },
            'routing_strategy': self._routing_strategy,
            'routing_key': self._routing_key
        }, channel=self.type)


[docs]    def on_cancel(self, custom_message):
        """
        Cancel callback. Sends message to subscribed clients.

        :param custom_message: Custom message.
        :type custom_message: JSON serializable object.
        """

        self.try_custom(custom_message) or self._publisher.publish_message({
            'message': {
                self.id: {
                    'type': self.type,
                    'action': 'canceled',
                    'status': None,
                    'body': None,
                    'error': None
                }
            },
            'routing_strategy': self._routing_strategy,
            'routing_key': self._routing_key
        }, channel=self.type)


[docs]    def on_retry(self, custom_message):
        """
        Cancel callback. Sends message to subscribed clients.

        :param custom_message: Custom message.
        :type custom_message: JSON serializable object.
        """

        self.try_custom(custom_message) or self._publisher.publish_message({
            'message': {
                self.id: {
                    'type': self.type,
                    'action': 'retried',
                    'status': None,
                    'body': self._retried_id,
                    'error': None
                }
            },
            'routing_strategy': self._routing_strategy,
            'routing_key': self._routing_key
        }, channel=self.type)


[docs]    def try_custom(self, message):
        """
        Custom message helper method. Publish message if present and return
        True, False otherwise.

        :param message: Custom message.
        :type message: JSON serializable object.
        """

        if not message:
            return False
        self._publisher.publish_message(message)
        return True

    ############################################################################
    # SEND METHODS
    ############################################################################


[docs]    def send_message(self,
                     message,
                     content_type,
                     broadcast=False,
                     callback=lambda event: None):
        """
        Send custom message to subscribed clients and execute passed callback.

        :param message: Message.
        :type message: :class:`str`

        :param content_type: Message content type.
        :type content_type: :class:`str`

        :param broadcast: True if you need broadcast.
        :type broadcast: :class:`bool`

        :param callback: Callback after message send.
        :type callback: callable object
        """

        self._publisher.publish_message(
            message,
            channel='' if broadcast else str(self.user.id),
            content_type=content_type
        )
        callback(self)


[docs]    def send_email(self):
        """
        Sends email to user after event is done.

        TODO: implement email sending.
        """

        # TODO: Implement email sending
        pass




[docs]class Event(AbstractBaseEvent):
    """
    Default event model.
    """

    class Meta:
        abstract = (
            False if settings.EVENT_MODEL == 'django_event.Event' else True
        )



[docs]def get_event_model():
    """
    Helper for getting event swappable model.

    :return: :class:`Event` model
    """

    model_path = settings.EVENT_MODEL
    swappable = apps.get_model(model_path)
    if not issubclass(swappable, AbstractBaseEvent):
        raise ImproperlyConfigured(
            "Given %s model isn't subclass of AbstractBaseUser" % model_path
        )
    return swappable
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# -*- coding: utf-8 -*-

"""
Exceptions module.
"""

from __future__ import unicode_literals


[docs]class EventError(Exception):
    """Using to notify subscribed clients about event failure."""

    pass
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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)
        __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 django_event.utils

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

"""
Utilities event module.
"""


from __future__ import unicode_literals

import importlib


[docs]def import_var(var_path):
    """
    Imports variable.

    :param var_path: Module path in python representation.
    :type var_path: :class:`str`

    :return: Imported variable e.g. classes etc.
    :rtype: Anything you import.

    :raise: :class:`ImportError` if invalid module path passed into.
    """

    import_list = var_path.split('.')
    var_name = import_list.pop()
    var_package = '.'.join(import_list)
    try:
        var_module = importlib.import_module(var_package)
    except ImportError as e:
        e.message = 'Var %s not found' % import_list
        raise

    try:
        var = getattr(var_module, var_name)
    except AttributeError:
        raise ImportError('Var %s not found' % import_list)

    return var



[docs]def get_routing(user, routing_strategy):
    """
    Get routing key needed by event or listener.

    :param user: User to be routed.
    :type user: User

    :param routing_strategy: How it can compute routing key.
    :type routing_strategy: :class:`str`

    :return: Routing key for RabbitMQ.
    :rtype: :class:`str`
    """

    routing = routing_strategy.split('.')
    source = user
    if routing[0] == 'user':
        routing = routing[1:]
    for route in routing:
        source = getattr(source, route)
    return str(source)



[docs]def try_import_or_runtime_error(module, message):
    """

    Trying to import module. No-op if imported. Raises :class:`RuntimeError`
    with given message otherwise.

    :param module: Module name.
    :type module: :class:`str`
    :param message: Error message.
    :type message: :class:`str`

    :raise: :class:`RuntimeError` if module doesn't exist.
    """

    try:
        __import__(module)
    except ImportError:
        raise RuntimeError(message)
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  Source code for django_event.publisher.request

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

"""
Event request module.

Usage examples:
You can pass custom arguments into decorated function which are not required. ::

   EventRequest(django_request, custom_argument=123)

But django request is must for event. ::

   EventRequest(django_request)
"""


from __future__ import unicode_literals

import json


[docs]class _DummyUser:
    """
    Private class that emulates Django User class.
    """

    def __init__(self, user_id):
        """
        Only id needed.

        :param user_id: Django user id.
        :type user_id: :class:`int`
        """

        self.id = user_id



[docs]class _DummyRequest:
    """
    Private class that emulates Django Request class.
    """

    def __init__(self, data, user):
        """
        Only user and data needed.

        :param data: Django request data
        :type data: :class:`QueryDict`

        :param user: Django user
        :type user: :class:`User` or :class:`_DummyUser`
        """

        self.data = data
        self.user = user



class mutable(object):
    """
    Context manager for modifying django request.
    """

    def __init__(self, ctx):
        self.ctx = ctx
        self.ctx_maybe_mutable = getattr(self.ctx, '_mutable', None)
        if self.ctx_maybe_mutable is None:
            self.ctx_immutable = False
        else:
            self.ctx_immutable = not self.ctx_maybe_mutable

    def __enter__(self):
        if self.ctx_immutable:
            self.ctx._mutable = not self.ctx._mutable
        return self.ctx

    def __exit__(self, exc_type, exc_val, exc_tb):
        if self.ctx_immutable:
            self.ctx._mutable = not self.ctx._mutable


[docs]class EventRequest(object):
    """
    Event request class user to pass arguments to decorated events.

    """
    def __init__(self, django_request, **kwargs):
        """
        Copies django request data and set some internal arguments.

        :param django_request: Django request.
        :type django_request: :class:`Request` or :class:`_RequestDummy`

        :param kwargs: Custom arguments needed by task.
        """

        self.data = getattr(django_request, 'data', None)
        self.data = self.data or getattr(django_request, 'POST')
        self.user_id = django_request.user.id
        with mutable(self.data):
            self.send_mail = self.data.pop('send_mail', True)
        self.custom_args = kwargs

[docs]    def __getattr__(self, item):
        """
        Magick method for dot notation for custom task arguments.
        """

        try:
            return self.__getattribute__('custom_args')[item]
        except KeyError:
            raise AttributeError(item)


[docs]    def serialize(self):
        """
        Serialize event request into JSON for database storing.

        :return: JSON serialized event request.
        :rtype: :class:`str`
        """

        return json.dumps({
            'data': self.data,
            'user_id': self.user_id,
            'send_mail': self.send_mail,
            'custom_args': self.custom_args
        })


    @staticmethod
[docs]    def deserialize(json_request, return_dummy=False):
        """
        Deserialize JSON request and returns EventRequest instance or
        dict which contains Dummy classes.

        :param json_request: JSON serialized event request.
        :type json_request: :class:`str`

        :param return_dummy: Return EventRequest or dict with dummies.
        :type return_dummy: :class:`bool`

        :return: Deserialized instance.
        :rtype: :class:`EventRequest` or :class:`dict`
        """

        dict_request = json.loads(json_request)

        user = _DummyUser(dict_request['user_id'])
        request = _DummyRequest(dict_request['data'], user)

        if return_dummy:
            return request, dict_request['custom_args']

        return EventRequest(request, **dict_request['custom_args'])
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  Source code for django_event.publisher.views

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

"""
Synchronous views for django to get/cancel or retry events.
"""


from __future__ import unicode_literals

import json

from django.contrib.auth.decorators import login_required
from django.http.response import HttpResponse
from django.shortcuts import get_object_or_404
from django.shortcuts import get_list_or_404
from django.utils.decorators import method_decorator
from django.views.generic.base import View
from django.views.generic.detail import DetailView
from django.views.generic.list import ListView

from django_event import settings
from django_event.models import Event


[docs]class LoginRequiredMixin(object):
    """
    Event view mixin class with overrided :func:`dispatch` method to restrict
    anonymous users.
    """

    @method_decorator(login_required)
[docs]    def dispatch(self, request, *args, **kwargs):
        """
        Override dispatch to implement auth restriction.

        :param request: Incoming request.
        :type request: :class:`HttpRequest`

        :return: Response.
        :rtype: :class:`HttpResponse`
        """

        return super(LoginRequiredMixin, self).dispatch(
            request, *args, **kwargs
        )




[docs]class EventListMixin(object):
    """
    Event view mixin class with overrided :func:`get_queryset` method.
    """

    model = Event

[docs]    def get_queryset(self):
        """
        Returns user-owned events.

        :return: QuerySet of user-owned events.
        :rtype: :class:`EventQuerySet`
        """

        return get_list_or_404(self.model, user=self.request.user)




[docs]class EventListView(LoginRequiredMixin,
                    EventListMixin, ListView):
    """
    Base event list view class.
    """


event_list = EventListView.as_view()


[docs]class EventDetailMixin(EventListMixin):
    """
    Event view mixin class with overrided :func:`get_object` method.
    """

[docs]    def get_object(self, pk, queryset=None):
        """
        Returns user-owned event by id.

        :return: QuerySet of user-owned events.
        :rtype: :class:`Event`
        """

        return get_object_or_404(self.get_queryset(), pk=pk)




[docs]class EventDetailView(LoginRequiredMixin,
                      EventDetailMixin, DetailView):
    """
    Base event detail view class.
    """


event_detail = EventDetailView.as_view()


[docs]class EventTypesView(LoginRequiredMixin,
                     View):
    """
    Event types view.
    """

[docs]    def get(self, request):
        """
        Return event types.
        """

        return HttpResponse(json.dumps({
            "types": settings.AVAILABLE_TYPES
        }))



event_types = EventTypesView.as_view()


[docs]class CancelEventView(LoginRequiredMixin,
                      EventDetailMixin, View):
    """
    Base cancel event view class.
    """

[docs]    def cancel(self, pk):
        """
        Returns True if event is successfully canceled False otherwise.

        :param pk: Event id.
        :type pk: :class:`int`

        :return: True if canceled else False.
        :rtype: :class:`bool`
        """

        event = self.get_object(pk)
        if event.may_be_canceled:
            event.cancel()
            return True
        return False


[docs]    def post(self, request, pk):
        return HttpResponse(self.cancel(pk))



cancel_event = CancelEventView.as_view()


[docs]class RetryEventView(LoginRequiredMixin,
                     EventDetailMixin, View):
    """
    Base retry event view class.
    """

[docs]    def retry(self, pk):
        """

        Returns new event id if it successfully retried event None otherwise.

        :param pk: Event id.
        :type pk: :class:`int`

        :return: New event id if retried else None.
        :rtype: :class:`int` or None
        """

        event = self.get_object(pk)
        return event.retry() if event.may_be_retried else None


[docs]    def post(self, request, pk):
        return HttpResponse(self.retry(pk))



retry_event = RetryEventView.as_view()
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# -*- coding: utf-8 -*-

"""
Core publisher client module.
Basically you should use this decorator instead of manually write events into
database.
Decorator specifies some overridable methods if you need basic customization.

Usage examples:

Defining event task: ::

    @event(event_type='some_type', routing_strategy='')
    def some_task(event_request, event):
        argument = event_request.custom_argument
        return some_processed_data(event_request.data, event)

And call: ::

    some_task.delay(EventRequest(django_request, custom_argument=123))

You can know more about .delay() or other methods in Celery docs.

"""


from __future__ import unicode_literals

from functools import wraps

from celery import task
from celery import current_task
from django.contrib.auth import get_user_model

from django_event.publisher.exceptions import EventError


[docs]class event(object):

    """
    Main client publisher interface.
    Decorates function and return celery task.

    Automatically start and end event after celery started/completed the
    task. You must pass EventRequest into decorated function.
    :class:`EventRequest` can accept keyword arguments needed by wrapped
    function which are not required but django request are required by internal
    needs. This decorator automatically set :class:`EventRequest` and
    :class:`Event` instances as wrapped function arguments.

    Wrapped func may raise specific exception :class:`EventError` used to notify
    subscribers about failure. Basically this decorator will handle only that
    type of exceptions. Be sure you handle all raised exception in wrapped func
    otherwise it will pass outside decorator and into database as well.
    """

[docs]    def __init__(self,
                 event_type='',
                 send_mail=False,
                 progress_throttling=0.1,
                 routing_strategy='',
                 task_kwargs=None,
                 on_start=lambda _event: None,
                 on_success=lambda _event: None,
                 on_error=lambda _event: None):

        """
        :param event_type: Event type, using in message routing.
        :type event_type: :class:`str`

        :param send_mail: Send email after event is done.
        :type send_mail: :class:`bool`

        :param progress_throttling: Describes how often event will send
         progress messages. See :class:`Event` docs for more information
         about this parameter.
        :type progress_throttling: :class:`float`

        :param routing_strategy: Routing strategy e.g. what listeners will do
         with messages. Empty strategy means you want to deliver notification to
         all subscribed clients. See :class:`Event` docs for more information
         about this parameter.
        :type routing_strategy: :class:`str`

        :param task_kwargs: Celery task arguments.
        :type task_kwargs: :class:`dict`

        :param on_start: Event start callback.
        :type on_start: :class:`str`

        :param on_success: Event success callback.
        :type on_success: callable object

        :param on_error: Event error callback.
        :type on_error: callable object
        """

        self._event_type = event_type
        self._send_mail = send_mail
        self._routing_strategy = routing_strategy
        self._progress_throttling = progress_throttling
        self._task_kwargs = task_kwargs or {}

        self._on_start = on_start
        self._on_success = on_success
        self._on_error = on_error

        self._user = None
        self._event_request = None
        self._event = None

        self._status = True
        self._result = None

    ############################################################################
    # CORE METHODS
    ############################################################################


[docs]    def create_event(self):
        """
        Create event model with passing arguments.
        Basically you dont need to manually create event.
        """

        from django_event.models import get_event_model

        event_model = get_event_model()

        self._event = event_model.create(
            progress_throttling=self._progress_throttling,
            routing_strategy=self._routing_strategy,
            user=self._user,
            type=self._event_type,
            send_mail=self._send_mail,
            task_id=current_task.request.id,
            task_name=current_task.name,
            event_request=self._event_request.serialize()
        )
        self._event.save()


[docs]    def __call__(self, func):
        """
        Wraps passed function into Celery :class:`Task`.

        :param func: Function to be wrapped.
        :type func: callable object

        :return: Celery task instance.
        :rtype: Celery :class:`Task`
        """

        @task(**self._task_kwargs)
        @wraps(func)
        def wrapped(event_request):
            self._event_request = event_request
            self._user = get_user_model().objects.get(
                id=self._event_request.user_id)
            self._send_mail = self._event_request.send_mail and self._send_mail

            self.create_event()
            self.start_event()
            try:
                self._result = func(self._event_request, self._event)
            except EventError as e:
                self._result = e.message
                self._status = False
            self.complete_event()

            return self._result

        return wrapped

    ############################################################################
    # OVERRIDABLE METHODS
    ############################################################################


[docs]    def start_event(self):
        """
        Starts event.
        Override this if you want to customize message.
        """

        self._event.start(callback=self._on_start)


[docs]    def complete_event(self):
        """
        Ends event.
        Override this if you want to customize message.
        """

        self._event.complete(
            self._result,
            status=self._status,
            callback=self._on_success,
            errback=self._on_error
        )
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  Source code for django_event.subscriber.listeners

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

"""
Base listener module.
"""


from __future__ import unicode_literals

import json
from multiprocessing import cpu_count

from concurrent.futures import ThreadPoolExecutor
from django.utils.lru_cache import lru_cache
from tornado.ioloop import IOLoop
from tornado.concurrent import run_on_executor

from django_event import settings
from django_event.utils import get_routing
from django_event.utils import import_var


[docs]class Listener(object):
    """
    Abstract base listener class. Listeners used by subscribers.
    """

    executor = ThreadPoolExecutor(max_workers=cpu_count())
    io_loop = IOLoop.current()

    def __init__(self, user):
        """
        Initialize listener.

        :param user: Django user instance
        :type user: User
        """

        self._user = user
        self._routing_key = None
        self._message = None

    def __eq__(self, other):
        if not isinstance(other, Listener):
            return False
        return (
            self._user == other._user and
            self._routing_key == other._routing_key
        )

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

    @classmethod
    @run_on_executor
    @lru_cache()
[docs]    def get_listener(cls, event_type):
        """
        Fabric method for listener subclasses.
        Imports listener by type and returns it.

        :param event_type: Event type.
        :type event_type: :class:`str`

        :return: Listener module that will process certain type of messages.
        :rtype: :class:`Listener` subclass
        """

        return import_var(settings.LISTENERS[event_type])


[docs]    def on_message(self, message):
        """
        Abstract method. Specifies on message behaviour.

        :param message: Received message.
        :type message: :class:`str`

        :raise: NotImplementedError
        """

        raise NotImplementedError


[docs]    def routing_matched(self):
        """
        Computes routing key for current user and compares with received
        message's routing key.

        :return: True if routing key matched.
        :rtype: :class:`bool`
        """

        self._routing_key = get_routing(self._user,
                                        self._message['routing_strategy'])
        return self._routing_key == self._message['routing_key']




[docs]class SendMessageListener(Listener):
    """
    Base listener for send message through SockJS connection.
    """

    def __init__(self, user, sender):
        """
        Initialize listener.

        :param user: Django user instance.
        :type user: User

        :param sender: Send function
        :type sender: callable object
        """

        super(SendMessageListener, self).__init__(user)

        self.sender = sender

[docs]    def on_message(self, message):
        """
        Sends message if routing key matched.

        :param message: Received message.
        :type message: :class:`str`
        """

        self._message = json.loads(message)
        if self.routing_matched():
            self.sender(json.dumps(self._message['message']))
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  Source code for django_event.management.commands.deleteoldevents

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

from __future__ import unicode_literals

from django.core.management.base import NoArgsCommand

from django_event.models import Event


[docs]class Command(NoArgsCommand):
    """
    Django command to delete old events.
    """

[docs]    def handle_noargs(self, **options):
        Event.delete_old()
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  Source code for django_event.publisher.rest_framework.views

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

"""
Synchronous views for django to get/cancel or retry events.
"""


from __future__ import unicode_literals

from django.http.response import Http404
from django.db.models import ObjectDoesNotExist
from rest_framework import status
from rest_framework.filters import OrderingFilter
from rest_framework.generics import ListAPIView
from rest_framework.permissions import IsAuthenticated
from rest_framework.exceptions import PermissionDenied
from rest_framework.exceptions import NotFound
from rest_framework.response import Response
from rest_framework.views import APIView

from django_event import settings
from django_event.models import Event
from django_event.publisher.rest_framework.serializers import EventSerializer


[docs]class EventListView(ListAPIView):
    """
    List all user events.
    """

    queryset = Event.objects.all()
    serializer_class = EventSerializer
    filter_backends = (OrderingFilter, )
    max_paginate_by = 50
    paginate_by = 10
    paginate_by_param = 'page_size'
    ordering = ('-completed_at', )
    permission_classes = (IsAuthenticated, )

[docs]    def get(self, request, *args, **kwargs):
        """
        Get user events
        ---

        """

        return super(EventListView, self).get(request, *args, **kwargs)


    def get_queryset(self):
        qs = super(EventListView, self).get_queryset().filter(
            user=self.request.user)
        return qs


event_list = EventListView.as_view()


[docs]class EventDetailView(APIView):
    """
    Retrieve specific user event.
    """

    queryset = Event.objects.all()
    serializer_class = EventSerializer
    permission_classes = (IsAuthenticated, )

    def get(self, request, pk):
        """
        Get event by id
        ---

        """

        try:
            event = Event.objects.get(pk=pk)
            if event.user == request.user:
                serializer = self.serializer_class(event)
                return Response(serializer.data)
            raise PermissionDenied()
        except ObjectDoesNotExist:
            raise NotFound()


event_detail = EventDetailView.as_view()


[docs]class EventTypesView(APIView):
    """
    Event types view.
    """

    permission_classes = (IsAuthenticated, )

    def get(self, request):
        """
        Return event types.
        """

        return Response({
            "types": settings.AVAILABLE_TYPES
        })


event_types = EventTypesView.as_view()


[docs]class CancelEventView(APIView):
    """
    Cancel executing event.
    """

    permission_classes = (IsAuthenticated, )

    def post(self, request, pk):
        """
        Cancel event by id
        ---

        omit_parameters:
            - form

        parameters:
            - name: pk
              required: true
              type: string
              paramType: path
        """

        try:
            event = Event.objects.get(pk=pk)
            if event.user == request.user and event.may_be_canceled:
                event.cancel()
                return Response(status=status.HTTP_200_OK)
            raise PermissionDenied()
        except ObjectDoesNotExist:
            raise NotFound()


cancel_event = CancelEventView.as_view()


[docs]class RetryEventView(APIView):
    """
    Retry not completed event.
    """

    permission_classes = (IsAuthenticated, )

    def post(self, request, pk):
        """
        Cancel event by id
        ---

        omit_parameters:
            - form

        parameters:
            - name: pk
              required: true
              type: string
              paramType: path
        """

        try:
            event = Event.objects.get(id=pk)
            if event.user == request.user and event.may_be_retried:
                return Response({
                    'retried_id': event.retry()
                }, status=status.HTTP_200_OK)
            raise PermissionDenied()
        except ObjectDoesNotExist:
            raise NotFound()


retry_event = RetryEventView.as_view()
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  Source code for django_event.publisher.rest_framework.serializers

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

"""
Serializers module for django rest_framework.
"""

from __future__ import unicode_literals

from django.utils import timezone
from rest_framework import serializers

from django_event.models import Event


[docs]class LocalDateTimeField(serializers.DateTimeField):
    """
    Automatically converts server time into local time.
    """

[docs]    def to_representation(self, value):
        """
        Converts UTC to local time.

        :param value: UTC datetime from db.
        :type value: :class:`DateTime`
        """
        return super(LocalDateTimeField, self).to_representation(
            value if value is None else timezone.localtime(value)
        )




[docs]class EventSerializer(serializers.ModelSerializer):
    """
    Specifies which fields should be serialized and overrides date fields to
    return local time instead of server time.
    """

    created_at = LocalDateTimeField()
    started_at = LocalDateTimeField()
    completed_at = LocalDateTimeField()

[docs]    class Meta:
        model = Event
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  Source code for concurrent.futures.thread

# Copyright 2009 Brian Quinlan. All Rights Reserved.
# Licensed to PSF under a Contributor Agreement.

"""Implements ThreadPoolExecutor."""

import atexit
from concurrent.futures import _base
import Queue as queue
import threading
import weakref
import sys

__author__ = 'Brian Quinlan (brian@sweetapp.com)'

# Workers are created as daemon threads. This is done to allow the interpreter
# to exit when there are still idle threads in a ThreadPoolExecutor's thread
# pool (i.e. shutdown() was not called). However, allowing workers to die with
# the interpreter has two undesirable properties:
#   - The workers would still be running during interpretor shutdown,
#     meaning that they would fail in unpredictable ways.
#   - The workers could be killed while evaluating a work item, which could
#     be bad if the callable being evaluated has external side-effects e.g.
#     writing to a file.
#
# To work around this problem, an exit handler is installed which tells the
# workers to exit when their work queues are empty and then waits until the
# threads finish.

_threads_queues = weakref.WeakKeyDictionary()
_shutdown = False

def _python_exit():
    global _shutdown
    _shutdown = True
    items = list(_threads_queues.items())
    for t, q in items:
        q.put(None)
    for t, q in items:
        t.join()

atexit.register(_python_exit)

class _WorkItem(object):
    def __init__(self, future, fn, args, kwargs):
        self.future = future
        self.fn = fn
        self.args = args
        self.kwargs = kwargs

    def run(self):
        if not self.future.set_running_or_notify_cancel():
            return

        try:
            result = self.fn(*self.args, **self.kwargs)
        except BaseException:
            e, tb = sys.exc_info()[1:]
            self.future.set_exception_info(e, tb)
        else:
            self.future.set_result(result)

def _worker(executor_reference, work_queue):
    try:
        while True:
            work_item = work_queue.get(block=True)
            if work_item is not None:
                work_item.run()
                # Delete references to object. See issue16284
                del work_item
                continue
            executor = executor_reference()
            # Exit if:
            #   - The interpreter is shutting down OR
            #   - The executor that owns the worker has been collected OR
            #   - The executor that owns the worker has been shutdown.
            if _shutdown or executor is None or executor._shutdown:
                # Notice other workers
                work_queue.put(None)
                return
            del executor
    except BaseException:
        _base.LOGGER.critical('Exception in worker', exc_info=True)

class ThreadPoolExecutor(_base.Executor):
    def __init__(self, max_workers):
        """Initializes a new ThreadPoolExecutor instance.

        Args:
            max_workers: The maximum number of threads that can be used to
                execute the given calls.
        """
        self._max_workers = max_workers
        self._work_queue = queue.Queue()
        self._threads = set()
        self._shutdown = False
        self._shutdown_lock = threading.Lock()

    def submit(self, fn, *args, **kwargs):
        with self._shutdown_lock:
            if self._shutdown:
                raise RuntimeError('cannot schedule new futures after shutdown')

            f = _base.Future()
            w = _WorkItem(f, fn, args, kwargs)

            self._work_queue.put(w)
            self._adjust_thread_count()
            return f
    submit.__doc__ = _base.Executor.submit.__doc__

    def _adjust_thread_count(self):
        # When the executor gets lost, the weakref callback will wake up
        # the worker threads.
        def weakref_cb(_, q=self._work_queue):
            q.put(None)
        # TODO(bquinlan): Should avoid creating new threads if there are more
        # idle threads than items in the work queue.
        if len(self._threads) < self._max_workers:
            t = threading.Thread(target=_worker,
                                 args=(weakref.ref(self, weakref_cb),
                                       self._work_queue))
            t.daemon = True
            t.start()
            self._threads.add(t)
            _threads_queues[t] = self._work_queue

    def shutdown(self, wait=True):
        with self._shutdown_lock:
            self._shutdown = True
            self._work_queue.put(None)
        if wait:
            for t in self._threads:
                t.join()
    shutdown.__doc__ = _base.Executor.shutdown.__doc__





          

      

      

    


    
        © Copyright 2014, Dmitry Panchenko.
      Created using Sphinx 1.3.1.
    

  

_static/down-pressed.png





_static/comment-close.png





