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Welcome to PyOpenWorm’s documentation!

Our main README is available online on Github. [1]  This documentation contains
additional materials beyond what is covered there.




	[1]	http://github.com/openworm/PyOpenWorm
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PyOpenWorm API


Basic Classes


Worm


	
class PyOpenWorm.Worm(scientific_name=False, **kwargs)[source]

	Bases: PyOpenWorm.dataObject.DataObject

A representation of the whole worm.

All worms with the same name are considered to be the same object.

Attributes







	neuron_network
	(ObjectProperty) The neuron network of the worm


	muscle
	(ObjectProperty) Muscles of the worm






	
add_reference(g, reference_iri)

	Add a citation to a set of statements in the database





	Parameters:	triples – A set of triples to annotate










	
get_neuron_network()[source]

	Return the neuron network of the worm.

Example:

# Grabs the representation of the neuronal network
>>> net = P.Worm().get_neuron_network()

# Grab a specific neuron
>>> aval = net.aneuron('AVAL')

>>> aval.type()
set([u'interneuron'])

#show how many connections go out of AVAL
>>> aval.connection.count('pre')
77









	Returns:	An object to work with the network of the worm


	Return type:	PyOpenWorm.Network










	
get_semantic_net()[source]

	
Get the underlying semantic network as an RDFLib Graph






	Returns:	A semantic network containing information about the worm


	Return type:	rdflib.ConjunctiveGraph










	
load()

	Load in data from the database. Derived classes should override this for their own data structures.

load() returns an iterable object which yields DataObjects which have the same class as the object and have, for the Properties set, the same values





	Parameters:	self – An object which limits the set of objects which can be returned. Should have the configuration necessary to do the query










	
muscles()[source]

	Get all Muscle objects attached to the Worm

Returns a set of all muscles:

Example:

>>> muscles = P.Worm().muscles()
>>> len(muscles)
96









	Returns:	A set of all muscles


	Return type:	set










	
retract()

	Remove this object from the data store.






	
save()

	Write in-memory data to the database. Derived classes should call this to update the store.












Network


	
class PyOpenWorm.Network(**kwargs)[source]

	Bases: PyOpenWorm.dataObject.DataObject

A network of neurons

Attributes







	neuron
	Representation of neurons in the network


	synapse
	Representation of synapses in the network






	
add_reference(g, reference_iri)

	Add a citation to a set of statements in the database





	Parameters:	triples – A set of triples to annotate










	
aneuron(name)[source]

	Get a neuron by name.

Example:

# Grabs the representation of the neuronal network
>>> net = P.Worm().get_neuron_network()

# Grab a specific neuron
>>> aval = net.aneuron('AVAL')

>>> aval.type()
set([u'interneuron'])









	Parameters:	name – Name of a c. elegans neuron


	Returns:	Neuron corresponding to the name given


	Return type:	PyOpenWorm.Neuron










	
as_networkx()[source]

	




	
interneurons()[source]

	Get all interneurons





	Returns:	A iterable of all interneurons


	Return type:	iter(Neuron)










	
load()

	Load in data from the database. Derived classes should override this for their own data structures.

load() returns an iterable object which yields DataObjects which have the same class as the object and have, for the Properties set, the same values





	Parameters:	self – An object which limits the set of objects which can be returned. Should have the configuration necessary to do the query










	
motor()[source]

	Get all motor





	Returns:	A iterable of all motor neurons


	Return type:	iter(Neuron)










	
neurons()[source]

	Gets the complete set of neurons in this network.

Example:

# Grabs the representation of the neuronal network
>>> net = P.Worm().get_neuron_network()

#NOTE: This is a VERY slow operation right now
>>> len(set(net.neurons()))
302
>>> set(net.neurons())
set(['VB4', 'PDEL', 'HSNL', 'SIBDR', ... 'RIAL', 'MCR', 'LUAL'])










	
retract()

	Remove this object from the data store.






	
save()

	Write in-memory data to the database. Derived classes should call this to update the store.






	
sensory()[source]

	Get all sensory neurons





	Returns:	A iterable of all sensory neurons


	Return type:	iter(Neuron)
















Connection


	
class PyOpenWorm.Connection(pre_cell=None, post_cell=None, number=None, syntype=None, synclass=None, **kwargs)[source]

	Bases: PyOpenWorm.relationship.Relationship

Connection between neurons





	Parameters:	pre_cell : string or Neuron, optional


The pre-synaptic cell




post_cell : string or Neuron, optional


The post-synaptic cell




number : int, optional


The weight of the connection




syntype : {‘gapJunction’, ‘send’}, optional


The kind of synaptic connection. ‘gapJunction’ indicates
a gap junction and ‘send’ a chemical synapse




synclass : string, optional


The kind of Neurotransmitter (if any) sent between pre_cell and post_cell











	
add_reference(g, reference_iri)

	Add a citation to a set of statements in the database





	Parameters:	triples – A set of triples to annotate










	
load()

	Load in data from the database. Derived classes should override this for their own data structures.

load() returns an iterable object which yields DataObjects which have the same class as the object and have, for the Properties set, the same values





	Parameters:	self – An object which limits the set of objects which can be returned. Should have the configuration necessary to do the query










	
retract()

	Remove this object from the data store.






	
save()

	Write in-memory data to the database. Derived classes should call this to update the store.












Cell


	
class PyOpenWorm.Cell(name=False, lineageName=False, **kwargs)[source]

	Bases: PyOpenWorm.dataObject.DataObject

A biological cell.

All cells with the same name are considered to be the same object.





	Parameters:	name : string


The name of the cell




lineageName : string


The lineageName of the cell
Example:

>>> c = Cell(name="ADAL")
>>> c.lineageName() # Returns ["AB plapaaaapp"]














Attributes







	name
	(DatatypeProperty) The ‘adult’ name of the cell typically used by biologists when discussing C. elegans


	lineageName
	(DatatypeProperty) The lineageName of the cell


	description
	(DatatypeProperty) A description of the cell


	divisionVolume
	(DatatypeProperty) When called with no argument, return the volume of the cell at division during development.  When called with an argument, set the volume of the cell at division Example::  >>> v = Quantity(“600”,”(um)^3”) >>> c = Cell(lineageName=”AB plapaaaap”) >>> c.divisionVolume(v)






	
add_reference(g, reference_iri)

	Add a citation to a set of statements in the database





	Parameters:	triples – A set of triples to annotate










	
blast()[source]

	Return the blast name.

Example:

>>> c = Cell(name="ADAL")
>>> c.blast() # Returns "AB"





Note that this isn’t a Property. It returns the blast extracted from the ‘’first’’
lineageName saved.






	
daughterOf()[source]

	Return the parent(s) of the cell in terms of developmental lineage.

Example:

>>> c = Cell(lineageName="AB plapaaaap")
>>> c.daughterOf() # Returns [Cell(lineageName="AB plapaaaa")]










	
load()

	Load in data from the database. Derived classes should override this for their own data structures.

load() returns an iterable object which yields DataObjects which have the same class as the object and have, for the Properties set, the same values





	Parameters:	self – An object which limits the set of objects which can be returned. Should have the configuration necessary to do the query










	
parentOf()[source]

	Return the direct daughters of the cell in terms of developmental lineage.

Example:

>>> c = Cell(lineageName="AB plapaaaap")
>>> c.parentOf() # Returns [Cell(lineageName="AB plapaaaapp"),Cell(lineageName="AB plapaaaapa")] 










	
retract()

	Remove this object from the data store.






	
save()

	Write in-memory data to the database. Derived classes should call this to update the store.












Neuron


	
class PyOpenWorm.Neuron(name=False, **kwargs)[source]

	Bases: PyOpenWorm.cell.Cell

A neuron.

See what neurons express some neuropeptide

Example:

# Grabs the representation of the neuronal network
>>> net = P.Worm().get_neuron_network()

# Grab a specific neuron
>>> aval = net.aneuron('AVAL')

>>> aval.type()
set([u'interneuron'])

#show how many connections go out of AVAL
>>> aval.connection.count('pre')
77

>>> aval.name()
u'AVAL'

#list all known receptors
>>> sorted(aval.receptors())
[u'GGR-3', u'GLR-1', u'GLR-2', u'GLR-4', u'GLR-5', u'NMR-1', u'NMR-2', u'UNC-8']

#show how many chemical synapses go in and out of AVAL
>>> aval.Syn_degree()
90









	Parameters:	name : string


The name of the neuron.










Attributes







	type
	(DatatypeProperty) The neuron type (i.e., sensory, interneuron, motor)


	receptor
	(DatatypeProperty) The receptor types associated with this neuron


	innexin
	(DatatypeProperty) Innexin types associated with this neuron


	neurotransmitter
	(DatatypeProperty) Neurotransmitters associated with this neuron


	neuropeptide
	(DatatypeProperty) Name of the gene corresponding to the neuropeptide produced by this neuron


	neighbor
	(Property) Get neurons connected to this neuron if called with no arguments, or with arguments, state that neuronName is a neighbor of this Neuron


	connection
	(Property) Get a set of Connection objects describing chemical synapses or gap junctions between this neuron and others






	
GJ_degree()[source]

	Get the degree of this neuron for gap junction edges only





	Returns:	total number of incoming and outgoing gap junctions


	Return type:	int










	
Syn_degree()[source]

	Get the degree of a this neuron for chemical synapse edges only





	Returns:	total number of incoming and outgoing chemical synapses


	Return type:	int










	
add_reference(g, reference_iri)

	Add a citation to a set of statements in the database





	Parameters:	triples – A set of triples to annotate










	
blast()

	Return the blast name.

Example:

>>> c = Cell(name="ADAL")
>>> c.blast() # Returns "AB"





Note that this isn’t a Property. It returns the blast extracted from the ‘’first’’
lineageName saved.






	
daughterOf()

	Return the parent(s) of the cell in terms of developmental lineage.

Example:

>>> c = Cell(lineageName="AB plapaaaap")
>>> c.daughterOf() # Returns [Cell(lineageName="AB plapaaaa")]










	
get_incidents(type=0)[source]

	Get neurons which synapse at this neuron






	
load()

	Load in data from the database. Derived classes should override this for their own data structures.

load() returns an iterable object which yields DataObjects which have the same class as the object and have, for the Properties set, the same values





	Parameters:	self – An object which limits the set of objects which can be returned. Should have the configuration necessary to do the query










	
parentOf()

	Return the direct daughters of the cell in terms of developmental lineage.

Example:

>>> c = Cell(lineageName="AB plapaaaap")
>>> c.parentOf() # Returns [Cell(lineageName="AB plapaaaapp"),Cell(lineageName="AB plapaaaapa")] 










	
retract()

	Remove this object from the data store.






	
save()

	Write in-memory data to the database. Derived classes should call this to update the store.












Muscle


	
class PyOpenWorm.Muscle(name=False, **kwargs)[source]

	Bases: PyOpenWorm.cell.Cell

A single muscle cell.

See what neurons innervate a muscle:

Example:

>>> mdr21 = P.Muscle('MDR21')
>>> innervates_mdr21 = mdr21.innervatedBy()
>>> len(innervates_mdr21)
4





Attributes







	neurons
	(ObjectProperty) Neurons synapsing with this muscle


	receptors
	(DatatypeProperty) Get a list of receptors for this muscle if called with no arguments, or state that this muscle has the given receptor type if called with an argument






	
add_reference(g, reference_iri)

	Add a citation to a set of statements in the database





	Parameters:	triples – A set of triples to annotate










	
blast()

	Return the blast name.

Example:

>>> c = Cell(name="ADAL")
>>> c.blast() # Returns "AB"





Note that this isn’t a Property. It returns the blast extracted from the ‘’first’’
lineageName saved.






	
daughterOf()

	Return the parent(s) of the cell in terms of developmental lineage.

Example:

>>> c = Cell(lineageName="AB plapaaaap")
>>> c.daughterOf() # Returns [Cell(lineageName="AB plapaaaa")]










	
load()

	Load in data from the database. Derived classes should override this for their own data structures.

load() returns an iterable object which yields DataObjects which have the same class as the object and have, for the Properties set, the same values





	Parameters:	self – An object which limits the set of objects which can be returned. Should have the configuration necessary to do the query










	
parentOf()

	Return the direct daughters of the cell in terms of developmental lineage.

Example:

>>> c = Cell(lineageName="AB plapaaaap")
>>> c.parentOf() # Returns [Cell(lineageName="AB plapaaaapp"),Cell(lineageName="AB plapaaaapa")] 










	
retract()

	Remove this object from the data store.






	
save()

	Write in-memory data to the database. Derived classes should call this to update the store.












Channel


	
class PyOpenWorm.Channel(subfamily=False, **kwargs)[source]

	Bases: PyOpenWorm.dataObject.DataObject

An ion channel.

Channels are identified by subtype name.





	Parameters:	subfamily : string


The subfamily to which the ion channel belongs










Attributes







	subfamily
	(DatatypeProperty) The subfamily to which the ion channel belongs


	Models
	(Property) Get experimental models of this ion channel






	
add_reference(g, reference_iri)

	Add a citation to a set of statements in the database





	Parameters:	triples – A set of triples to annotate










	
load()

	Load in data from the database. Derived classes should override this for their own data structures.

load() returns an iterable object which yields DataObjects which have the same class as the object and have, for the Properties set, the same values





	Parameters:	self – An object which limits the set of objects which can be returned. Should have the configuration necessary to do the query










	
retract()

	Remove this object from the data store.






	
save()

	Write in-memory data to the database. Derived classes should call this to update the store.












Evidence


	
class PyOpenWorm.Evidence(conf=False, **source)[source]

	Bases: PyOpenWorm.dataObject.DataObject

A representation of some document which provides evidence like scholarly
references, for other objects.

Possible keys include:

pmid,pubmed: a pubmed id or url (e.g., 24098140)
wbid,wormbase: a wormbase id or url (e.g., WBPaper00044287)
doi: a Digitial Object id or url (e.g., s00454-010-9273-0)









	Parameters:	doi : string


A Digital Object Identifier (DOI) that provides evidence, optional




pmid : string


A PubMed ID (PMID) that point to a paper that provides evidence, optional




wormbaseid : string


An ID from WormBase that points to a record that provides evidence, optional




author : string


The author of the evidence




title : string


The title of the evidence




year : string or int


The date (e.g., publication date) of the evidence




uri : string


A URL that points to evidence










Attributes







	asserts
	(ObjectProperty (value_type=DataObject)) When used with an argument, state that this Evidence asserts that the relationship is true.  Example::  import bibtex bt = bibtex.parse(“my.bib”) n1 = Neuron(“AVAL”) n2 = Neuron(“DA3”) c = Connection(pre=n1,post=n2,class=”synapse”) e = Evidence(bibtex=bt[‘white86’]) e.asserts(c)  Other methods return objects which asserts accepts.  Example::  n1 = Neuron(“AVAL”) r = n1.neighbor(“DA3”) e = Evidence(bibtex=bt[‘white86’]) e.asserts(r)  When used without arguments, returns a sequence of statements asserted by this evidence  Example::  import bibtex bt = bibtex.parse(“my.bib”) n1 = Neuron(“AVAL”) n2 = Neuron(“DA3”) c = Connection(pre=n1,post=n2,class=”synapse”) e = Evidence(bibtex=bt[‘white86’]) e.asserts(c) list(e.asserts()) # Returns a list [..., d, ...] such that d==c


	doi
	(DatatypeProperty) A Digital Object Identifier (DOI) that provides evidence, optional


	pmid
	(DatatypeProperty) A PubMed ID (PMID) that point to a paper that provides evidence, optional


	wormbaseid
	(DatatypeProperty) An ID from WormBase that points to a record that provides evidence, optional


	author
	(DatatypeProperty) The author of the evidence


	title
	(DatatypeProperty) The title of the evidence


	year
	(DatatypeProperty) The date (e.g., publication date) of the evidence


	uri
	(DatatypeProperty) A URL that points to evidence






	
add_data(k, v)[source]

	Add a field





	Parameters:	k : string


Field name




v : string


Field value















	
add_reference(g, reference_iri)

	Add a citation to a set of statements in the database





	Parameters:	triples – A set of triples to annotate










	
load()

	Load in data from the database. Derived classes should override this for their own data structures.

load() returns an iterable object which yields DataObjects which have the same class as the object and have, for the Properties set, the same values





	Parameters:	self – An object which limits the set of objects which can be returned. Should have the configuration necessary to do the query










	
retract()

	Remove this object from the data store.






	
save()

	Write in-memory data to the database. Derived classes should call this to update the store.
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Requirements for data storage in OpenWorm

Our OpenWorm database captures facts about C. elegans. The database stores
data for generating model files and together with annotations describing the
origins of the data. Below are a set of recommendations for implementation of
the database organized around an RDF model.


Interface

Access is through a Python library which communicates with the database. This
library serves the function of providing an object oriented view on the database
that can be accessed through the Python scripts commonly used in the project.
The draft api is described separately.




Data modelling

Biophysical and anatomical data are included in the database. A sketch of some
features of the data model is below. Also included in our model are the
relationships between these types. Given our choice of data types, we do not
model the individual interactions between cells as entities in the database.
Rather these are described by generic predicates in an
RDF triple [http://stackoverflow.com/a/1122451].
For instance, neuron A synapsing with muscle cell B would give a statement
(A, synapsesWith, B), but A synapsing with neuron C would also have
(A, synapsesWith, C). Data which belong to the specific relationship between two
nodes is attached to an
rdf:Statement object [http://www.w3.org/TR/rdf-schema/#ch_statement]
which points to the statement. This choice is intended to easy querying and
extension later on.


Nervous system

In the worm’s nervous system, we capture a few important data types (listed
below). These correspond primarily to the anatomical structures
and chemicals which are necessary for the worm to record external and internal
stimuli and activate its body in response to those stimuli.


Data types

A non-exhaustive list of neurological data types in our C. elegans database:


	receptor types identified in the nerve cell

	neurons

	ion channels

	neurotransmitters

	muscle receptors








Development

Caenorhabditis elegans has very stable cell division patterns in the absence of
mutations. This means that we can capture divisions in our database as static
‘daughter_of’ relationships. The theory of differentiation codes additionally
gives an algorithmic description to the growth patterns of the worm which
describes signals transmitted between developing cells. In order to test this
theory we would like to leverage existing photographic data indicating the
volume of cells at the time of their division as this relates to the
differentiation code stored by the cell. Progress on this issue is documented
on Github [https://github.com/openworm/PyOpenWorm/issues/7#issuecomment-45401916].




Aging

Concurrently with development, we would like to begin modeling the effects of
aging on the worm. Aging typically manifests in physiological changes due to
transcription errors or cell death. These physiological changes can be
represented abstractly as parameters to the function of biological entities.
See Github [https://github.com/openworm/PyOpenWorm/issues/6] for further discussion.






Information assurance


Reasoning and Data integrity

To make full use of RDF storage it’s recommended to leverage reasoning over our
stored data. Encoding rules for the worm requires a good knowledge of both
C. elegans and the database schema. More research needs to be done on this going
forward. Preliminarily, SPIN, a constraint notation system based on SPARQL
looks like a good candidate for specifying rules, but an inference engine for
enforcing the rules still needs to be found.




Input validation

Input validation is to be handled through the interface library referenced
above. In general, incorrect entry of biological names will
result in an error being reported identifying the offending entry and providing
a acceptable entries where appropriate. No direct access to the underlying data
store will be provided.




Provenance

Tracking the origins of facts stated in the
database demands a method of annotating statements in our database. Providing
citations for facts must be as simple as providing a global identifier
(e.g., URI, DOI) or a local identifier (e.g., Bibtex identifier, Pubmed ID).
A technique called RDF reification allows us to annotate arbitrary facts in our
database with additional information. This technique allows for the addition of
structured citation data to facts in the database as well as annotations for
tracking responsibility for uploads to the database. Further details for the
attachment of evidence using this technique are given in the draft api.

In line with current practices for communication through the source code
management platform, Github, we would like to track responsibility for new
uploads to the database. Two methods are proposed for tracking this information:
RDF named graphs and RDF reification. Tracking information must include, at
least, a time-stamp on the update and linking of the submitted data to the
uploader’s unique identifier (e.g., email address). Named graphs have the
advantage of wide support for the use of tracking uploads. The choice between
these depends largely the support of the chosen data store for named graphs.




Access control

Write access to data in the project has been inconsistent between various data
sources in the project. Going forward, write access to OpenWorm databases should
be restricted to authenticated users to forestall the possibility of malicious
tampering.

One way to accomplish this would be to leverage GitHub’s fork and pull model
with the data as well as the code.  This would require two things:


	Instead of remote hosting of data, data is local to each copy of the library



within a local database
- A serialization method dumps a new copy of the data out to a flat file
enabling all users of the library to contribute their modifications to the data
back to the PyOpenWorm project via GitHub.

A follow on to #2 is that the serialization method would need to preserve the
ordering of data elements and write in some plain text format so that a simple
diff on GitHub would be able to illuminate changes that were made.






Miscellaneous


Versioning

Experimental methods are constantly improving in biological research. These
improvements may require updating the data we reference or store internally.
However, in making updates we must not immediately expunge older content,
breaking links created by internal and external agents. Ideally we would have a
means of deprecating old data and specifying replacements. On the level of single
resources, this is a trivial mapping which may be done transparently to all readers.
For a more significant change, altering the schema, human intervention may be
required to update external readers.






Why RDF?

RDF offers advantages in resilience to schema additions and increased
flexibility in integrating data from disparate sources. [1] These qualities can
be valued by comparison to relational database systems. Typically, schema
changes in a relational database require extensive work for applications using
it. [2] In the author’s experience, RDF databases offer more freedom in
restructuring. Also, for data integration, SPARQL, the standard language for
querying over RDF has
Federated queries [http://www.w3.org/TR/sparql11-federated-query/] which
allow for nearly painless integration of external SPARQL endpoints with
existing queries.




	[1]	http://answers.semanticweb.com/questions/19183/advantages-of-rdf-over-relational-databases







	[2]	http://research.microsoft.com/pubs/118211/andy%20maule%20-%20thesis.pdf





FuXi

FuXi [https://github.com/RDFLib/FuXi] is implemented as a semantic reasoning
layer in PyOpenWorm. In other words, it will be used to automatically infer (and
set) properties from other properties in the worm database.
This means that redundant information (ex: explicitly stating that each object
is of class “dataType”) and subclass relationships (ex: that every object of
type “Neuron” is also of type “Cell”), as well as other relationships, can be
generated by the firing of FuXi’s rule engine, without being hand-coded.

Aside from the time it saves in coding, FuXi may allow for a smaller footprint
in the cloud, as many relationships within the database could be inferred
after download.

The advantage of local storage of the database that goes along with each copy
of the library is that the data will have the version number of the library.
This means that data can be ‘deprecated’ along with a deprecated version of the
library.  This also will prevent changes made to a volatile database that
break downstream code that uses the library.
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Adding Data to YOUR OpenWorm Database

So, you’ve got some biological data about the worm and you’d like to save it in
PyOpenWorm, but you don’t know how it’s done?

You’ve come to the right place!

A few biological entities (e.g., Cell, Neuron, Muscle, Worm) are pre-coded into
PyOpenWorm. The full list is available in the API.
If these entities already cover your use-case, then all you need to do is add
values for the appropriate fields and save them. If you have data already loaded
into your database, then you can load objects from it:

n = Neuron()
n.receptor('UNC-13')
for x in n.load():
    do_something_with_unc13_neuron(n)





If you need additional entities it’s easy to create them. Documentation for this
is provided here.

Typically, you’ll want to attach the data that you insert to entities already in
the database. This allows you to recover objects in a hierarchical fashion from
the database later. Worm, for instance has a property, neuron_network,
which points to the Network which should contain all neural cells and
synaptic connections. To initialize the hiearchy you would do something like:

w = Worm('C. briggsae') # The name is optional and currently defaults to 'C. elegans'
nn = Network()          # make a neuron network
w.neuron_network(nn)    # attach to the worm the neuron network
n = Neuron()            # make an unnamed neuron
n.receptor('UNC-13')    # state that the neuron has a UNC-13 type receptor
nn.neuron(n)            # attach to the neuron network
w.save()                # save all of the data attached to the worm





It is possible to create objects without attaching them to anything and they can
still be referenced by calling load on an instance of the object’s class as in
n.load() above. This also points out another fact: you don’t have to set up
the hierarchy for each insert in order for the objects to be linked to existing
entities. If you have previously set up connections to an entity (e.g.,
Worm('C. briggsae')), assuming you only have one such entity, you can
refer to things attached to it without respecifying the hierarchy for each
script. The database packaged with PyOpenWorm should have only one Worm and one
Network.

Remember that once you’ve set up all of the data, you must save the objects. For
now, this requires keeping track of top-level objects – objects which aren’t
values of some other property – and calling save() on each of them
individually. This isn’t too difficult to achieve.

Future capabilities:


	Adding propositional logic to support making statements about all entities



matching some conditions without needing to load() and save() them from
the database.
* Statements like:

  w = Worm()
  w.neuron_network.neuron.receptor('UNC-13')
  l = list(w.load()) # Get a list of worms with neurons expressing 'UNC-13'

currently, to do the equivalent, you must work backwards, finding all neurons
with UNC-13 receptors, then getting all networks with those neurons, then
getting all worms with those networks::

  worms = set()
  n = Neuron()
  n.receptor('UNC-13')
  for ns in n.load():
      nn = Network()
      nn.neuron(ns)
      for z in nn.load():
          w = Worm()
          w.neuron_network(z)
          worms.add(w)
  l = list(worms)

It's not difficult logic, but it's 8 extra lines of code for a conceptually
very simple query.






	Also, queries like:

l = list(Worm('C. briggsae').neuron_network.neuron.receptor()) # get a list
#of all receptors expressed in neurons of C. briggsae





Again, not difficult to write out, but in this case it actually gives a much
longer query time because additional values are queried in a load() call
that are never returned.

We’d also like operators for composing many such strings so:

Worm('C. briggsae').neuron_network.neuron.get('receptor', 'innexin') # list
#of (receptor, innexin) values for each neuron





would be possible with one query and thus not requiring parsing and iterating
over neurons twice–it’s all done in a single, simple query.
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Making data objects

To make new objects like Neuron or Worm, for the most part, you just
need to make a Python class.
Say, for example, that I want to record some information about drug reactions in
C. elegans. I make Drug and Experiment classes to describe C. elegans
reactions:

from PyOpenWorm import (DataObject,
                        DatatypeProperty,
                        ObjectProperty,
                        Worm,
                        Evidence,
                        connect)

class Drug(DataObject):
    # We set up properties in __init__
    def __init__(self,drug_name=False,*args,**kwargs):
        # pass arguments to DataObject
        DataObject.__init__(self,*args,**kwargs)
        Drug.DatatypeProperty('name', owner=self)
        if drug_name:
            self.name(drug_name)

class Experiment(DataObject):
    def __init__(self,*args,**kwargs):
        # pass arguments to DataObject
        DataObject.__init__(self,*args,**kwargs)
        Experiment.ObjectProperty('drug', value_type=Drug, owner=self)
        Experiment.ObjectProperty('subject', value_type=Worm, owner=self)
        Experiment.DatatypeProperty('route_of_entry', owner=self)
        Experiment.DatatypeProperty('reaction', owner=self)

connect()
# Set up with the RDF translation machinery
Experiment.register()
Drug.register()





I can then make a Drug object for moon rocks and describe an experiment by
Aperture Labs:

d = Drug('moon rocks')
e = Experiment()
w = Worm("C. elegans")
ev = Evidence(author="Aperture Labs")
e.subject(w)
e.drug(d)
e.route_of_entry('ingestion')
e.reaction('no reaction')
ev.asserts(e)





and save it:

ev.save()





For simple objects, this is all we have to do.

You can also add properties to an object after it has been created by calling
either ObjectProperty or DatatypeProperty on the object as is done in
__init__:

d = Drug('moon rocks')
Drug.DatatypeProperty('granularity', owner=self)
d.granularity('ground up')





Properties added in this fashion will not propagate to any other objects, but
they will be saved along with the object they are attached to.
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Sharing Data with other users

Sharing is key to PyOpenWorm. This document covers the appropriate way to share changes with other PyOpenWorm users.

The shared PyOpenWorm database is stored in a Git repository distinct from the PyOpenWorm source code. Currently the database is stored in a Github repository here [https://github.com/mwatts15/OpenWormData] .

When you create a database normally, it will be stored in a format which is opaque to humans. In order to share your database you have two options: You can share the scripts which are used to create your database or you can share a human-readable serialization of the database. The second option is better since it doesn’t require re-running your script to use the generated data, but it is best to share both.

For sharing the serialization, you should first clone [http://git-scm.com/book/en/Git-Basics-Getting-a-Git-Repository#Cloning-an-Existing-Repository] the repository linked above, read the current serialization into your database (see below for an example of how you would do this), and then write out the serialization:

import PyOpenWorm as P
P.connect('path/to/your/config/file')
P.config()['rdf.graph'].serialize('out.n3', format='n3')
P.disconnect()





Commit, your changes to the git repository, push to a fork [https://help.github.com/articles/fork-a-repo] of the repository on Github and submit a pull request [https://help.github.com/articles/using-pull-requests] on the main repository. If for some reason your are unwilling or unable to create a Github account, post to the OpenWorm-discuss [https://groups.google.com/forum/#!forum/openworm-discuss] mailing list with a patch on the main repository with your changes and someone will have a look, possibly ask for adjustments or justification for your addition, and ultimately merge the changes for you.

To read the database back in you would do something like:

import PyOpenWorm as P
P.connect('path/to/your/config/file')
P.config()['rdf.graph'].parse('out.n3', format='n3')
P.disconnect()





Scripts are also added to the repository on Github to the scripts subdirectory.
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For Developers



	Adding documentation
	API Documentation

	Substitutions

	Conventions





	RDF semantics for PyOpenWorm

	RDF structure for PyOpenWorm

	Population()
	Population.filterCells(filters : ListOf(PairOf(unboundMethod, methodArgument))) : Population





	NeuroML()
	NeuroML.generate(object : {Network, Neuron, IonChannel}, type : {0,1,2}) : neuroml.NeuroMLDocument

	NeuroML.write(document : neuroml.NeuroMLDocument, filename : String)
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Adding documentation

Documentation for PyOpenWorm is housed in two locations:



	In the top-level project directory as INSTALL.md and README.md.

	As a Sphinx [http://sphinx-doc.org/] project under the docs directory






To add a page about useful facts concerning C. elegans to the documentation, include an entry in the list under toctree in docs/index.rst like:

worm-facts





and create the file worm-facts.rst under the docs directory and add a line:

.. _worm-facts:





to the top of your file, remembering to leave an empty line before adding all of your wonderful worm facts.

You can get a preview of what your documentation will look like when it is published by running sphinx-build on the docs directory:

sphinx-build -w sphinx-errors docs build_destination





The docs will be compiled to html which you can view by pointing your web browser at build_destination/index.html. If you want to view the documentation locally with the ReadTheDocs theme [https://github.com/snide/sphinx_rtd_theme] you’ll need to download and install it.


API Documentation

API documentation is generated by the Sphinx autodoc [http://sphinx-doc.org/ext/autodoc.html] extension. The format should be easy to pick up on, but a reference is available here [https://github.com/numpy/numpy/blob/master/doc/HOWTO_DOCUMENT.rst.txt]. Just add a docstring to your function/class/method and add an automodule line to PyOpenWorm/__init__.py and your class should appear among the other documented classes.




Substitutions

Project-wide substitutions can be (conservatively!) added to allow for easily changing a value over all of the documentation. Currently defined substitutions can be found in conf.py in the rst_epilog setting. More about substitutions [http://docutils.sourceforge.net/docs/ref/rst/restructuredtext.html#substitution-definitions]




Conventions

If you’d like to add a convention, list it here and start using it.

Currently there are no real conventions to follow for documentation style, but additions to the docs will be subject to style and content review by project maintainers.
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RDF semantics for PyOpenWorm

In the context of PyOpenWorm, biological objects are classes of, for instance, anatomical features of a worm. That is to say, statements made about C. elegans are not about a specific worm, but are stated about the entire class of worms. The semantics of a property SimpleProperty/value value triple are that if any value is set, then without any additional statements being made, an instance of the object has been observed to have the value at some point in time, somewhere, under some set of conditions. In other words, the statement is an existential quantification over the associated object(class).

The purpose of the identifiers for Properties is to allow statements to be made about them directly. An example:

<http://openworm.org/entities/Entity/1> <http://openworm.org/entities/Entity/interactsWith> <http://openworm.org/entities/Entity_interactsWith/2> .
<http://openworm.org/entities/Entity_interactsWith/2> <http://openworm.org/entities/SimpleProperty/value> <http://openworm.org/entities/Entity/3> .

<http://openworm.org/entities/Entity/4> <http://openworm.org/entities/Entity/modulates> <http://openworm.org/entities/Entity_modulates/5> .
<http://openworm.org/entities/Entity_modulates/5> <http://openworm.org/entities/SimpleProperty/value> <http://openworm.org/entities/Entity_interactsWith/2>








RDF structure for PyOpenWorm

For most use cases, it is (hopefully) not necessary to write custom queries over the RDF graph in order to work with PyOpenWorm. However, if it does become necessary, it will be helpful to have an understanding of the structure of the RDF graph. Thus, a summary is given below.

For all DataObjects which are not Properties, there is an identifier of the form

<http://openworm.org/entities/Object_type/md5sum>





stored in the graph. This identifier will be associated with type data:

<http://openworm.org/entities/Object_type/md5sum> rdf:type <http://openworm.org/entities/Object_type> .
<http://openworm.org/entities/Object_type/md5sum> rdf:type <http://openworm.org/entities/parent_of_Object_type> .
<http://openworm.org/entities/Object_type/md5sum> rdf:type <http://openworm.org/entities/parent_of_parent_of_Object_type> .
...





Properties have a slightly different form. They also have an identifier, which for SimpleProperties will look like this:

<http://openworm.org/entities/OwnerType_propertyName/md5sum>





OwnerType is the type of the Property’s owner and propertyName is the name by which the property is accessed from an object of the owner’s type. Other Properties will not necessarily have this form, but all of the standard Properties are implemented in terms of SimpleProperties and have no direct representation in the graph. For other Properties it is necessary to refer to their documentation or to examine the triples released by the Property of interest.

A DataObject’s identifier is connected to a property in a triple like:

<http://openworm.org/entities/OwnerType/md5sum> <http://openworm.org/entities/OwnerType/propertyName> <http://openworm.org/entities/OwnerType_propertyName/md5sum>





and the property is connected to its values like:

<http://openworm.org/entities/OwnerType_propertyName/md5sum> <http://openworm.org/entities/SimpleProperty/value> "A literal value"
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  The following API calls do not yet exist, but would be excellent next functions
to implement


Population()

A collection of cells. Constructor creates an empty population.


Population.filterCells(filters : ListOf(PairOf(unboundMethod, methodArgument))) : Population

Allows for groups of cells to be created based on shared properties including neurotransmitter, anatomical location or region, cell type.

Example:

p = Worm.cells()
p1 = p.filterCells([(Cell.lineageName, "AB")]) # A population of cells with AB as the blast cell










NeuroML()

A utility for generating NeuroML files from other objects. The semantics described above do not apply here.


NeuroML.generate(object : {Network, Neuron, IonChannel}, type : {0,1,2}) : neuroml.NeuroMLDocument

Get a NeuroML object that represents the given object. The type determines what content is included in the NeuroML object:


	0=full morphology+biophysics

	1=cell body only+biophysics

	2=full morphology only






NeuroML.write(document : neuroml.NeuroMLDocument, filename : String)

Write out a NeuroMLDocument
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  Source code for PyOpenWorm.neuron

import sqlite3
import sys
import PyOpenWorm as P
from PyOpenWorm import Cell


# XXX: Should we specify somewhere whether we have NetworkX or something else?

[docs]class Neuron(Cell):
    """
    A neuron.

    See what neurons express some neuropeptide

    Example::

        # Grabs the representation of the neuronal network
        >>> net = P.Worm().get_neuron_network()

        # Grab a specific neuron
        >>> aval = net.aneuron('AVAL')

        >>> aval.type()
        set([u'interneuron'])

        #show how many connections go out of AVAL
        >>> aval.connection.count('pre')
        77

        >>> aval.name()
        u'AVAL'

        #list all known receptors
        >>> sorted(aval.receptors())
        [u'GGR-3', u'GLR-1', u'GLR-2', u'GLR-4', u'GLR-5', u'NMR-1', u'NMR-2', u'UNC-8']

        #show how many chemical synapses go in and out of AVAL
        >>> aval.Syn_degree()
        90

    Parameters
    ----------
    name : string
        The name of the neuron.

    Attributes
    ----------
    type : DatatypeProperty
        The neuron type (i.e., sensory, interneuron, motor)
    receptor : DatatypeProperty
        The receptor types associated with this neuron
    innexin : DatatypeProperty
        Innexin types associated with this neuron
    neurotransmitter : DatatypeProperty
        Neurotransmitters associated with this neuron
    neuropeptide : DatatypeProperty
        Name of the gene corresponding to the neuropeptide produced by this neuron
    neighbor : Property
        Get neurons connected to this neuron if called with no arguments, or
        with arguments, state that neuronName is a neighbor of this Neuron
    connection : Property
        Get a set of Connection objects describing chemical synapses or gap
        junctions between this neuron and others

    """
    def __init__(self, name=False, **kwargs):
        Cell.__init__(self,name=name,**kwargs)
        # Get neurons connected to this neuron
        Neighbor(owner=self)
        # Get connections from this neuron
        Connection(owner=self)

        Neuron.DatatypeProperty("type",self, multiple=True)
        Neuron.DatatypeProperty("receptor", self, multiple=True)
        Neuron.DatatypeProperty("innexin", self, multiple=True)
        Neuron.DatatypeProperty("neurotransmitter", self, multiple=True)
        Neuron.DatatypeProperty("neuropeptide", self, multiple=True)
        ### Aliases ###
        self.get_neighbors = self.neighbor
        self.receptors = self.receptor

[docs]    def GJ_degree(self):
        """Get the degree of this neuron for gap junction edges only

        :returns: total number of incoming and outgoing gap junctions
        :rtype: int
        """
        count = 0
        for c in self.connection():
            if c.syntype.one() == 'gapJunction':
                count += 1
        return count


[docs]    def Syn_degree(self):
        """Get the degree of a this neuron for chemical synapse edges only

        :returns: total number of incoming and outgoing chemical synapses
        :rtype: int
        """
        count = 0
        for c in self.connection.get('either'):
            if c.syntype.one() == 'send':
                count += 1
        return count


    def _type_networkX(self):
        """Get type of this neuron (motor, interneuron, sensory)

        Use the networkX representation as the source

        :returns: the type
        :rtype: str
        """
        return self['nx'].node[self.name.one()]['ntype']


[docs]    def get_incidents(self, type=0):
        """ Get neurons which synapse at this neuron """
        # Directed graph. Getting accessible _from_ this node
        for item in self['nx'].in_edges_iter(self.name(),data=True):
            if 'GapJunction' in item[2]['synapse']:
                yield item[0]


    def _as_neuroml(self):
       """Return this neuron as a NeuroML representation

          :rtype: libNeuroML.Neuron
       """

    def __str__(self):
        n = self.name()
        if n is not None:
            return n
        else:
            return ""



class Neighbor(P.Property):
    multiple=True
    def __init__(self,**kwargs):
        P.Property.__init__(self,'neighbor',**kwargs)
        self._conns = []

    def get(self,**kwargs):
        """Get a list of neighboring neurons.

           Parameters
           ----------
           See parameters for PyOpenWorm.connection.Connection

           Returns
           -------
           list of Neuron
        """
        if len(self._conns) > 0:
            for c in self._conns:
                yield c.post_cell()
        else:
            c = P.Connection(pre_cell=self.owner,**kwargs)
            for r in c.load():
                yield r.post_cell()

    def set(self, other, **kwargs):
        c = P.Connection(pre_cell=self.owner,post_cell=other,**kwargs)
        self._conns.append(c)
        return c

    def triples(self,**kwargs):
        for c in self._conns:
            for x in c.triples(**kwargs):
                yield x

class Connection(P.Property):
    """A representation of the connection between neurons. Either a gap junction
    or a chemical synapse

    TODO: Add neurotransmitter type.
    TODO: Add connection strength
    """

    multiple=True
    def __init__(self,**kwargs):
        P.Property.__init__(self,'connection',**kwargs)
        self._conns = []

    def get(self,pre_post_or_either='pre',**kwargs):
        """Get a list of connections associated with the owning neuron.

           Parameters
           ----------
           type: What kind of junction to look for.
                        0=all, 1=gap junctions only, 2=all chemical synapses
                        3=incoming chemical synapses, 4=outgoing chemical synapses
           Returns
           -------
           list of Connection
        """
        c = []
        if pre_post_or_either == 'pre':
            c.append(P.Connection(pre_cell=self.owner,**kwargs))
        elif pre_post_or_either == 'post':
            c.append(P.Connection(post_cell=self.owner,**kwargs))
        elif pre_post_or_either == 'either':
            c.append(P.Connection(pre_cell=self.owner,**kwargs))
            c.append(P.Connection(post_cell=self.owner,**kwargs))
        for x in c:
            for r in x.load():
                yield r

    def count(self,pre_post_or_either='pre',syntype=None, *args,**kwargs):
        """Get a list of connections associated with the owning neuron.

           Parameters
           ----------
           See parameters for PyOpenWorm.connection.Connection

           Returns
           -------
           int
               The number of connections matching the paramters given
        """
        options = dict()
        options["pre"] = """
                     ?x c:pre_cell ?z .
                     ?z sp:value <%s> .
                     """ % self.owner.identifier()
        options["post"] = """
                      ?x c:post_cell ?z .
                      ?z sp:value <%s> .
                      """ % self.owner.identifier()
        options["either"] = " { %s } UNION { %s } . " % (options['post'], options['pre'])

        if syntype is not None:
            if syntype.lower() == 'gapjunction':
                syntype='gapJunction'
            syntype_pattern = "FILTER( EXISTS { ?x c:syntype ?v . ?v sp:value \"%s\" . }) ." % syntype
        else:
            syntype_pattern = ''

        q = """
        prefix ow: <http://openworm.org/entities/>
        prefix c: <http://openworm.org/entities/Connection/>
        prefix sp: <http://openworm.org/entities/SimpleProperty/>
        prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
        SELECT (COUNT(?x) as ?count) WHERE {
         %s
         %s
        }
        """ % (options[pre_post_or_either], syntype_pattern)

        res = 0
        for x in self.conf['rdf.graph'].query(q):
            res = x['count']
        return int(res)

    def set(self, conn, **kwargs):
        """Add a connection associated with the owner Neuron

           Parameters
           ----------
           conn : PyOpenWorm.connection.Connection
               connection associated with the owner neuron

           Returns
           -------
           A PyOpenWorm.neuron.Connection
        """
        #XXX: Should this create a Connection here instead?
        assert(isinstance(conn, P.Connection))
        self._conns.append(conn)

    def triples(self,**kwargs):
        for c in self._conns:
            for x in c.triples(**kwargs):
                yield x
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  Source code for PyOpenWorm.worm

# -*- coding: utf-8 -*-
from .dataObject import DataObject
from .muscle import Muscle
from .cell import Cell
from .network import Network


[docs]class Worm(DataObject):
    """
    A representation of the whole worm.

    All worms with the same name are considered to be the same object.



    Attributes
    ----------
    neuron_network : ObjectProperty
        The neuron network of the worm
    muscle : ObjectProperty
        Muscles of the worm

    """

    def __init__(self,scientific_name=False,**kwargs):
        DataObject.__init__(self,**kwargs)
        self.name = Worm.DatatypeProperty("scientific_name", owner=self)
        Worm.ObjectProperty("neuron_network", owner=self, value_type=Network)
        Worm.ObjectProperty("muscle", owner=self, value_type=Muscle, multiple=True)
        Worm.ObjectProperty("cell", owner=self, value_type=Cell)

        if scientific_name:
            self.scientific_name(scientific_name)
        else:
            self.scientific_name("C. elegans")

[docs]    def get_neuron_network(self):
        """
        Return the neuron network of the worm.

        Example::

            # Grabs the representation of the neuronal network
            >>> net = P.Worm().get_neuron_network()

            # Grab a specific neuron
            >>> aval = net.aneuron('AVAL')

            >>> aval.type()
            set([u'interneuron'])

            #show how many connections go out of AVAL
            >>> aval.connection.count('pre')
            77

        :returns: An object to work with the network of the worm
        :rtype: PyOpenWorm.Network
        """
        return self.neuron_network()


[docs]    def muscles(self):
        """
        Get all Muscle objects attached to the Worm

        Returns a set of all muscles::

        Example::

            >>> muscles = P.Worm().muscles()
            >>> len(muscles)
            96

        :returns: A set of all muscles
        :rtype: set
         """
        return set(x for x in self._muscles_helper())


    def _muscles_helper(self):
        for x in self.muscle.get():
            yield x

[docs]    def get_semantic_net(self):
        """
         Get the underlying semantic network as an RDFLib Graph

        :returns: A semantic network containing information about the worm
        :rtype: rdflib.ConjunctiveGraph
         """

        return self.rdf


    def identifier(self, *args, **kwargs):
        # If the DataObject identifier isn't variable, then self is a specific
        # object and this identifier should be returned. Otherwise, if our name
        # attribute is _already_ set, then we can get the identifier from it and
        # return that. Otherwise, there's no telling from here what our identifier
        # should be, so the variable identifier (from DataObject.identifier() must
        # be returned
        ident = DataObject.identifier(self, *args, **kwargs)
        if 'query' in kwargs and kwargs['query'] == True:
            if not DataObject._is_variable(ident):
                return ident

        if self.name.hasValue():
            # name is already set, so we can make an identifier from it
            n = next(self.name._get())
            return self.make_identifier(n)
        else:
            return ident
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  Source code for PyOpenWorm.connection

import PyOpenWorm as P
from PyOpenWorm import *

__all__ = ['Connection']

class SynapseType:
    Chemical = "send"
    GapJunction = "gapJunction"

[docs]class Connection(Relationship):
    """Connection between neurons

    Parameters
    ----------
    pre_cell : string or Neuron, optional
        The pre-synaptic cell
    post_cell : string or Neuron, optional
        The post-synaptic cell
    number : int, optional
        The weight of the connection
    syntype : {'gapJunction', 'send'}, optional
        The kind of synaptic connection. 'gapJunction' indicates
        a gap junction and 'send' a chemical synapse
    synclass : string, optional
        The kind of Neurotransmitter (if any) sent between `pre_cell` and `post_cell`
    """
    def __init__(self,
                 pre_cell=None,
                 post_cell=None,
                 number=None,
                 syntype=None,
                 synclass=None,
                 **kwargs):
        Relationship.__init__(self,**kwargs)

        Connection.DatatypeProperty('syntype',owner=self)
        Connection.ObjectProperty('pre_cell',owner=self, value_type=Neuron)
        Connection.ObjectProperty('post_cell',owner=self, value_type=Neuron)

        Connection.DatatypeProperty('synclass',owner=self)
        Connection.DatatypeProperty('number',owner=self)

        if isinstance(pre_cell, P.Neuron):
            self.pre_cell(pre_cell)
        elif pre_cell is not None:
            self.pre_cell(P.Neuron(name=pre_cell, conf=self.conf))

        if (isinstance(post_cell, P.Neuron)):
            self.post_cell(post_cell)
        elif post_cell is not None:
            self.post_cell(P.Neuron(name=post_cell, conf=self.conf))

        if isinstance(number,int):
            self.number(int(number))
        elif number is not None:
            raise Exception("Connection number must be an int, given %s" % number)

        if isinstance(syntype,basestring):
            syntype=syntype.lower()
            if syntype in ('send', SynapseType.Chemical):
                self.syntype(SynapseType.Chemical)
            elif syntype in ('gapjunction', SynapseType.GapJunction):
                self.syntype(SynapseType.GapJunction)
        if isinstance(synclass,basestring):
            self.synclass(synclass)

    def identifier(self, *args, **kwargs):
        ident = DataObject.identifier(self, *args, **kwargs)
        if 'query' in kwargs and kwargs['query'] == True:
            if not DataObject._is_variable(ident):
                return ident

        if self.pre_cell.hasValue()\
            and self.post_cell.hasValue()\
            and self.syntype.hasValue():
            data = [next(self.pre_cell._get()).identifier(query=False),
                    next(self.post_cell._get()).identifier(query=False),
                    next(self.syntype._get())]
            for i in range(len(data)):
                if DataObject._is_variable(data[i]):
                    data[i] = ""
            if (self.synclass.hasValue()):
                data.append(next(self.synclass._get()))
            else:
                data.append("")

            if (self.number.hasValue()):
                data.append(next(self.number._get()))
            else:
                data.append("")

            return self.make_identifier(data)
        else:
            return ident
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  Source code for PyOpenWorm.muscle

import PyOpenWorm as P
from PyOpenWorm import Cell

[docs]class Muscle(Cell):
    """A single muscle cell.

    See what neurons innervate a muscle:

    Example::

        >>> mdr21 = P.Muscle('MDR21')
        >>> innervates_mdr21 = mdr21.innervatedBy()
        >>> len(innervates_mdr21)
        4

    Attributes
    ----------
    neurons : ObjectProperty
        Neurons synapsing with this muscle
    receptors : DatatypeProperty
        Get a list of receptors for this muscle if called with no arguments,
        or state that this muscle has the given receptor type if called with
        an argument
    """

    def __init__(self, name=False, **kwargs):
        Cell.__init__(self, name=name, **kwargs)
        self.innervatedBy = Muscle.ObjectProperty("neurons",owner=self,value_type=P.Neuron, multiple=True)
        Muscle.DatatypeProperty("receptors",owner=self,multiple=True)

    def __str__(self):
        return self.name()
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  Source code for PyOpenWorm.network

# -*- coding: utf-8 -*-
import PyOpenWorm as P
import rdflib as R
from PyOpenWorm import DataObject

[docs]class Network(DataObject):
    """A network of neurons

    Attributes
    -----------
    neuron
        Representation of neurons in the network
    synapse
        Representation of synapses in the network
    """
    def __init__(self, **kwargs):
        DataObject.__init__(self,**kwargs)

        self.synapses = Network.ObjectProperty('synapse', owner=self, value_type=P.Connection, multiple=True)
        Network.ObjectProperty('neuron',owner=self,value_type=P.Neuron, multiple=True)

[docs]    def neurons(self):
        """
        Gets the complete set of neurons in this network.

        Example::

            # Grabs the representation of the neuronal network
            >>> net = P.Worm().get_neuron_network()

            #NOTE: This is a VERY slow operation right now
            >>> len(set(net.neurons()))
            302
            >>> set(net.neurons())
            set(['VB4', 'PDEL', 'HSNL', 'SIBDR', ... 'RIAL', 'MCR', 'LUAL'])

        """
        for x in self.neuron():
            yield x.name()


[docs]    def aneuron(self, name):
        """
        Get a neuron by name.

        Example::

            # Grabs the representation of the neuronal network
            >>> net = P.Worm().get_neuron_network()

            # Grab a specific neuron
            >>> aval = net.aneuron('AVAL')

            >>> aval.type()
            set([u'interneuron'])


        :param name: Name of a c. elegans neuron
        :returns: Neuron corresponding to the name given
        :rtype: PyOpenWorm.Neuron
        """
        n = P.Neuron(name=name,conf=self.conf)
        return n


    def _synapses_csv(self):
        """
        Get all synapses into CSV

        :returns: A generator of Connection objects
        :rtype: generator
        """
        for n,nbrs in self['nx'].adjacency_iter():
            for nbr,eattr in nbrs.items():
                yield P.Connection(n,nbr,int(eattr['weight']),eattr['synapse'],eattr['neurotransmitter'],conf=self.conf)

[docs]    def as_networkx(self):
        return self['nx']


[docs]    def sensory(self):
        """
        Get all sensory neurons

        :returns: A iterable of all sensory neurons
        :rtype: iter(Neuron)
        """

        # TODO: make sure these belong to *this* Network
        n = P.Neuron()
        n.type('sensory')

        for x in n.load():
            yield x


[docs]    def interneurons(self):
        """
        Get all interneurons

        :returns: A iterable of all interneurons
        :rtype: iter(Neuron)
        """

        # TODO: make sure these belong to *this* Network
        n = P.Neuron()
        n.type('interneuron')

        for x in n.load():
            yield x


[docs]    def motor(self):
        """
        Get all motor

        :returns: A iterable of all motor neurons
        :rtype: iter(Neuron)
        """

        # TODO: make sure these belong to *this* Network
        n = P.Neuron()
        n.type('motor')

        for x in n.load():
            yield x


    def identifier(self, *args, **kwargs):
        ident = DataObject.identifier(self, *args, **kwargs)
        if 'query' in kwargs and kwargs['query'] == True:
            if not DataObject._is_variable(ident):
                return ident
        owners = self.getOwners(P.Worm().neuron_network.link)
        data = []
        for x in owners:
            ident = x.identifier(query=True) # XXX: Query is set to true so a fixed identifier isn't generated randomly
            if not DataObject._is_variable(ident):
                data.append(ident)
        data = sorted(data)

        return self.make_identifier(data)
    #def neuroml(self):
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  Source code for PyOpenWorm.evidence

from PyOpenWorm import *



class EvidenceError(Exception):
    pass

def _pubmed_uri_to_pmid(uri):
    from urlparse import urlparse
    parsed = urlparse(uri)
    pmid = int(parsed.path.split("/")[2])
    return pmid

def _doi_uri_to_doi(uri):
    from urlparse import urlparse
    from urllib2 import unquote
    parsed = urlparse(uri)
    doi = parsed.path.split("/")[1]
    # the doi from a url needs to be decoded
    doi = unquote(doi)
    return doi

def _url_request(url,headers={}):
    import urllib2 as U
    try:
        r = U.Request(url, headers=headers)
        s = U.urlopen(r, timeout=1)
        return s
    except U.HTTPError:
        return ""
    except U.URLError:
        return ""

def _json_request(url):
    import json
    headers = {'Content-Type': 'application/json'}
    try:
        return json.load(_url_request(url,headers))
    except BaseException:
        return {}

class AssertsAllAbout(Property):
    # TODO: Needs tests!
    multiple=True
    def __init__(self, **kwargs):
        Property.__init__(self, 'asserts_all_about', **kwargs)

    def set(self, o, **kwargs):
        """Establish the "asserts" relationship for all of the properties of the given object"""
        self.owner.asserts(o)
        for p in o.properties:
            self.owner.asserts(p)

    def get(self, **kwargs):
        # traverse the hierarchy of ObjectProperties and return all of the asserts relationships...
        ns = { "ow": self.base_namespace,
               "ns1" : self.rdf_namespace,
               "ev": self.base_namespace["Evidence"] + "/",
               "ns2" : self.base_namespace["SimpleProperty"] + "/"
             }
        q = """
        SELECT ?DataObject ?x ?prop WHERE
        {
            ?DataObject rdf:type ow:DataObject .
            ?DataObject ?x ?DataObject_prop .
            ?DataObject_prop sp:value ?prop .
            ?Evidence ev:asserts ?Evidence_asserts .
            filter (EXISTS { ?DataObject_prop rdf:type ow:Property . })
        # object
        # asserts property pattern
        # general property pattern
        }
        """

    def triples(self, **kwargs):
        #XXX: All triples here are from ``asserts``
        return []

[docs]class Evidence(DataObject):
    """
    A representation of some document which provides evidence like scholarly
    references, for other objects.

    Possible keys include::

        pmid,pubmed: a pubmed id or url (e.g., 24098140)
        wbid,wormbase: a wormbase id or url (e.g., WBPaper00044287)
        doi: a Digitial Object id or url (e.g., s00454-010-9273-0)

    Attaching evidence
    -------------------
    Attaching evidence to an object is as easy as::

          e = Evidence(author='White et al.', date='1986')
          e.asserts(Connection(pre_cell="VA11", post_cell="VD12"))
          e.save()

    But what does this series of statements mean? For us it means that White et al.
    assert that "the cells VA11 and VD12 have a connection".
    In particular, it says nothing about the neurons themselves.

    Another example::

          e = Evidence(author='Sulston et al.', date='1983')
          e.asserts(Neuron(name="AVDL").lineageName("AB alaaapalr"))
          e.save()

    This would say that Sulston et al. claimed that neuron AVDL has lineage AB alaaapalr.

    Now a more ambiguous example::

          e = Evidence(author='Sulston et al.', date='1983')
          e.asserts(Neuron(name="AVDL"))
          e.save()

    What might this mean? There's no clear relationship being discussed as in the
    previous examples. There are two reasonable semantics for
    these statements. They could indicate that Sulston et al. assert everything
    about the AVDL (in this case, only its name). Or they could
    indicate that Sulston et al. state the existence of AVDL. We will assume the
    semantics of the latter for *most* objects. The second
    intention can be expressed as::

          e = Evidence(author='Sulston et al.', date='1983')
          e.asserts_all_about(Neuron(name="AVDL"))
          e.save()

    `asserts_all_about` individually asserts each of the properties of the Neuron
    including its existence. It does not recursively assert
    properties of values set on the AVDL Neuron. If, for instance, the Neuron had a
    *complex object* as the value for its receptor types with
    information about the receptor's name primary agonist, etc., `asserts_all_about`
      would say nothing about these. However, `asserts_all` (TODO)::

          e.asserts_all(Neuron(name="AVDL",receptor=complex_receptor_object))

    would make the aforementioned recursive statement.

    Retrieving evidence
    -------------------

    .. Not tested with the latest

    Retrieving evidence for an object is trivial as well ::

          e = Evidence()
          e.asserts(Connection(pre_cell="VA11", post_cell="VD12"))
          for x in e.load():
             print x

    This would print all of the evidence for the connection between VA11 and VD12

    It's important to note that the considerations of recursive evidence assertions
    above do not operate for retrieval. Only evidence for the
    particular object queried (the Connection in the example above), would be
    returned and not any evidence for anything otherwise about VA11
    or VD12.

    Attributes
    ----------
    asserts : ObjectProperty (value_type=DataObject)
       When used with an argument, state that this Evidence asserts that the
       relationship is true.

       Example::

           import bibtex
           bt = bibtex.parse("my.bib")
           n1 = Neuron("AVAL")
           n2 = Neuron("DA3")
           c = Connection(pre=n1,post=n2,class="synapse")
           e = Evidence(bibtex=bt['white86'])
           e.asserts(c)

       Other methods return objects which asserts accepts.

       Example::

           n1 = Neuron("AVAL")
           r = n1.neighbor("DA3")
           e = Evidence(bibtex=bt['white86'])
           e.asserts(r)

       When used without arguments, returns a sequence of statements asserted by
       this evidence

       Example::

           import bibtex
           bt = bibtex.parse("my.bib")
           n1 = Neuron("AVAL")
           n2 = Neuron("DA3")
           c = Connection(pre=n1,post=n2,class="synapse")
           e = Evidence(bibtex=bt['white86'])
           e.asserts(c)
           list(e.asserts()) # Returns a list [..., d, ...] such that d==c
    doi : DatatypeProperty
        A Digital Object Identifier (DOI) that provides evidence, optional
    pmid : DatatypeProperty
        A PubMed ID (PMID) that point to a paper that provides evidence, optional
    wormbaseid : DatatypeProperty
        An ID from WormBase that points to a record that provides evidence, optional
    author : DatatypeProperty
        The author of the evidence
    title : DatatypeProperty
        The title of the evidence
    year : DatatypeProperty
        The date (e.g., publication date) of the evidence
    uri : DatatypeProperty
        A URL that points to evidence

    Parameters
    ----------
    doi : string
        A Digital Object Identifier (DOI) that provides evidence, optional
    pmid : string
        A PubMed ID (PMID) that point to a paper that provides evidence, optional
    wormbaseid : string
        An ID from WormBase that points to a record that provides evidence, optional
    author : string
        The author of the evidence
    title : string
        The title of the evidence
    year : string or int
        The date (e.g., publication date) of the evidence
    uri : string
        A URL that points to evidence
    """
    def __init__(self, conf=False, **source):
        # The type of the evidence (a paper, a lab, a uri) is
        # determined by the `source` key
        # We keep track of a set of fields for the evidence.
        # Some of the fields are pulled from provided URIs and
        # some is provided by the user.
        #
        # Turns into a star graph
        #
        # Evidence field1 value1
        #        ; field2 value2
        #        ; field3 value3 .
        DataObject.__init__(self, conf=conf)
        self._fields = dict()
        Evidence.ObjectProperty('asserts', multiple=True, owner=self)
        AssertsAllAbout(owner=self)

        multivalued_fields = ('author', 'uri')

        for x in multivalued_fields:
            Evidence.DatatypeProperty(x, multiple=True, owner=self)

        other_fields = ('year',
                'title',
                'doi',
                'wbid',
                'pmid')
        fields = multivalued_fields + other_fields
        for x in other_fields:
            Evidence.DatatypeProperty(x, owner=self)

        #XXX: I really don't like putting these in two places
        for k in source:
            if k in ('pubmed', 'pmid'):
                self._fields['pmid'] = source[k]
                self._pubmed_extract()
                self.pmid(source[k])
            if k in ('wormbaseid','wormbase', 'wbid'):
                self._fields['wormbase'] = source[k]
                self._wormbase_extract()
                self.wbid(source[k])
            if k in ('doi',):
                self._fields['doi'] = source[k]
                self._crossref_doi_extract()
                self.doi(source[k])
            if k in ('bibtex',):
                self._fields['bibtex'] = source[k]

            if k in fields:
                getattr(self,k)(source[k])

[docs]    def add_data(self, k, v):
        """ Add a field

        Parameters
        ----------
        k : string
            Field name
        v : string
            Field value
        """
        self._fields[k] = v
        dp = Evidence.DatatypeProperty(k,owner=self)
        dp(v)

    # Each 'extract' method should attempt to fill in additional fields given which ones
    # are already set as well as correct fields that are wrong
    # TODO: Provide a way to override modification of already set values.

    def _wormbase_extract(self):
        #XXX: wormbase's REST API is pretty sparse in terms of data provided.
        #     Would be better off using AQL or the perl interface
        # _Very_ few of these have these fields filled in
        wbid = self._fields['wormbase']
        def wbRequest(ident,field):
            return _json_request("http://api.wormbase.org/rest/widget/paper/"+wbid+"/"+field)
        # get the author
        j = wbRequest(wbid, 'authors')
        if 'fields' in j:
            f = j['fields']
            if 'data' in f:
                self.author([x['label'] for x in f['data']])
            elif 'name' in f:
                self.author(f['name']['data']['label'])

        # get the publication date
        j = wbRequest(wbid, 'publication_date')
        if 'fields' in j:
            f = j['fields']
            if 'data' in f:
                self.year(f['data']['label'])
            elif 'name' in f:
                self.year(f['name']['data']['label'])

    def _crossref_doi_extract(self):
        # Extract data from crossref
        def crRequest(doi):
            import urllib as U
            data = {'q': doi}
            data_encoded = U.urlencode(data)
            return _json_request('http://search.labs.crossref.org/dois?%s' % data_encoded)

        doi = self._fields['doi']
        if doi[:4] == 'http':
            doi = _doi_uri_to_doi(doi)
        r = crRequest(doi)
        #XXX: I don't think coins is meant to be used, but it has structured data...
        if len(r)>0:
            extra_data = r[0]['coins'].split('&amp;')
            fields = (x.split("=") for x in extra_data)
            fields = [[y.replace('+', ' ').strip() for y in x] for x in fields]
            authors = [x[1] for x in fields if x[0] == 'rft.au']
            for a in authors:
                self.author(a)
            # no error for bad ids, just an empty list
            if len(r) > 0:
                # Crossref can process multiple doi's at one go and return the metadata. we just need the first one
                r = r[0]
                if 'title' in r:
                    self.title(r['title'])
                if 'year' in r:
                    self.year(r['year'])

    def _pubmed_extract(self):
        def pmRequest(pmid):
            import xml.etree.ElementTree as ET # Python 2.5 and up
            base = 'http://eutils.ncbi.nlm.nih.gov/entrez/eutils/'
            # XXX: There's more data in esummary.fcgi?, but I don't know how to parse it
            url = base + "esummary.fcgi?db=pubmed&id=%d" % pmid
            return ET.parse(_url_request(url))

        pmid = self._fields['pmid']
        if pmid[:4] == 'http':
            # Probably a uri, right?
            pmid = _pubmed_uri_to_pmid(pmid)
        pmid = int(pmid)
        tree = pmRequest(pmid)

        for x in tree.findall('./DocSum/Item[@Name="AuthorList"]/Item'):
            self.author(x.text)
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  Source code for PyOpenWorm.cell

from PyOpenWorm import *
from string import Template
import neuroml
__all__ = [ "Cell" ]

# XXX: Should we specify somewhere whether we have NetworkX or something else?
ns =  {'ns1': 'http://www.neuroml.org/schema/neuroml2/'}
segment_query = Template("""
SELECT ?seg_id ?seg_name ?x ?y ?z ?d ?par_id ?x_prox ?y_prox ?z_prox ?d_prox
WHERE {
  ?p ns1:id '$morph_name' .
  ?p ns1:segment ?segment .
  ?segment ns1:distal 	?loop
         ; ns1:id 	    ?seg_id
         ; ns1:name 	?seg_name .

  OPTIONAL {
      ?segment ns1:proximal	?loop_prox .
      ?loop_prox ns1:x ?x_prox
        ; ns1:y ?y_prox
        ; ns1:z ?z_prox
        ; ns1:diameter ?d_prox .
  }
  OPTIONAL {?segment ns1:parent ?par . ?par ns1:segment ?par_id  }.
  ?loop ns1:x ?x
    ; ns1:y ?y
    ; ns1:z ?z
    ; ns1:diameter ?d .
}
""")
segment_group_query = Template("""
SELECT ?gid ?member ?include
WHERE {
  ?p ns1:id '$morph_name' .
  ?p ns1:segmentGroup ?seg_group .
  ?seg_group ns1:id ?gid .
  OPTIONAL {
    ?seg_group ns1:include ?inc .
    ?inc ns1:segmentGroup ?include .
  }
  OPTIONAL {
    ?seg_group ns1:member ?inc .
    ?inc ns1:segment ?member .
  }
}
""")
def _dict_merge(d1,d2):
    from itertools import chain
    dict(chain(d1.items(), d2.items()))

[docs]class Cell(DataObject):
    """
    A biological cell.

    All cells with the same name are considered to be the same object.

    Parameters
    -----------
    name : string
        The name of the cell
    lineageName : string
        The lineageName of the cell
        Example::

            >>> c = Cell(name="ADAL")
            >>> c.lineageName() # Returns ["AB plapaaaapp"]

    Attributes
    ----------
    name : DatatypeProperty
        The 'adult' name of the cell typically used by biologists when discussing C. elegans
    lineageName : DatatypeProperty
        The lineageName of the cell

    description : DatatypeProperty
        A description of the cell
    divisionVolume : DatatypeProperty
        When called with no argument, return the volume of the cell at division
        during development.

        When called with an argument, set the volume of the cell at division
        Example::

            >>> v = Quantity("600","(um)^3")
            >>> c = Cell(lineageName="AB plapaaaap")
            >>> c.divisionVolume(v)
    """
    def __init__(self, name=False, lineageName=False, **kwargs):
        DataObject.__init__(self,**kwargs)
        Cell.DatatypeProperty('lineageName',owner=self)
        Cell.DatatypeProperty('name',owner=self)
        Cell.DatatypeProperty('divisionVolume',owner=self)
        Cell.DatatypeProperty('description',owner=self)

        if name:
            self.name(name)

        if lineageName:
            self.lineageName(lineageName)


    def _morphology(self):
        """Return the morphology of the cell. Currently this is restricted to
           `Neuron <#neuron>`_ objects.
        """
        morph_name = "morphology_" + str(next(self.name()))

        # Query for segments
        query = segment_query.substitute(morph_name=morph_name)
        qres = self.rdf.query(query, initNs=ns)
        morph = neuroml.Morphology(id=morph_name)
        for r in qres:
            par = False

            if r['par_id']:
                par = neuroml.SegmentParent(segments=str(r['par_id']))
                s = neuroml.Segment(name=str(r['seg_name']), id=str(r['seg_id']), parent=par)
            else:
                s = neuroml.Segment(name=str(r['seg_name']), id=str(r['seg_id']))

            if r['x_prox']:
                loop_prox = neuroml.Point3DWithDiam(*(r[x] for x in ['x_prox','y_prox','z_prox','d_prox']))
                s.proximal = loop_prox

            loop = neuroml.Point3DWithDiam(*(r[x] for x in ['x','y','z','d']))
            s.distal = loop
            morph.segments.append(s)
        # Query for segment groups
        query = segment_group_query.substitute(morph_name=morph_name)
        qres = self.rdf.query(query,initNs=ns)
        for r in qres:
            s = neuroml.SegmentGroup(id=r['gid'])
            if r['member']:
                m = neuroml.Member()
                m.segments = str(r['member'])
                s.members.append(m)
            elif r['include']:
                i = neuroml.Include()
                i.segment_groups = str(r['include'])
                s.includes.append(i)
            morph.segment_groups.append(s)
        return morph

    def __eq__(self,other):
        return DataObject.__eq__(self,other) or (isinstance(other,Cell) and set(self.name()) == set(other.name()))

[docs]    def blast(self):
        """
        Return the blast name.

        Example::

            >>> c = Cell(name="ADAL")
            >>> c.blast() # Returns "AB"

        Note that this isn't a Property. It returns the blast extracted from the ''first''
        lineageName saved.
        """
        import re
        try:
            ln = self.lineageName()
            x = re.split("[. ]", ln)
            return x[0]
        except:
            return ""


[docs]    def daughterOf(self):
        """ Return the parent(s) of the cell in terms of developmental lineage.

        Example::

            >>> c = Cell(lineageName="AB plapaaaap")
            >>> c.daughterOf() # Returns [Cell(lineageName="AB plapaaaa")]"""
        ln = self.lineageName()
        parent_ln = ln[:-1]
        return Cell(lineageName=parent_ln)


[docs]    def parentOf(self):
        """ Return the direct daughters of the cell in terms of developmental lineage.

        Example::

            >>> c = Cell(lineageName="AB plapaaaap")
            >>> c.parentOf() # Returns [Cell(lineageName="AB plapaaaapp"),Cell(lineageName="AB plapaaaapa")] """
        # XXX: This is pretty icky. We sorely need a convenient way to plug-in
        #      custom patterns to the load query.
        # Alternatively, represent the daughterOf/parentOf relationship with
        # RDF statements rather than making it implicit in the lineageNames

        # hackish. just query for the possible children lineage names...
        ln = self.lineageName()
        possible_child_lns = [ln + "a", ln + "v",
                              ln + "p", ln + "r",
                              ln + "l", ln + "d"]
        for x in possible_child_lns:
            for z in Cell(lineageName=x).load():
                yield z


    def identifier(self, *args, **kwargs):
        # If the DataObject identifier isn't variable, then self is a specific
        # object and this identifier should be returned. Otherwise, if our name
        # attribute is _already_ set, then we can get the identifier from it and
        # return that. Otherwise, there's no telling from here what our identifier
        # should be, so the variable identifier (from DataObject.identifier() must
        # be returned
        ident = DataObject.identifier(self, *args, **kwargs)
        if 'query' in kwargs and kwargs['query'] == True:
            if not DataObject._is_variable(ident):
                return ident

        if self.name.hasValue():
            # name is already set, so we can make an identifier from it
            n = next(self.name._get())
            return self.make_identifier(n)
        else:
            return ident
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  Source code for PyOpenWorm.dataObject

import rdflib as R
from .data import DataUser
from .configure import BadConf
import itertools as IT
import traceback
import logging

__all__ = ["DataObject", "Property", "SimpleProperty", "values"]
L = logging.getLogger(__name__)

# in general it should be possible to recover the entire object from its identifier: the object should be representable as a connected graph.
# However, this need not be a connected *RDF* graph. Indeed, graph literals may hold information which can yield triples which are not
# connected by an actual node

def _bnode_to_var(x):
    return "?" + x

def _rdf_identifier_to_gp(x):
    if isinstance(x,R.BNode):
        return _bnode_to_var(x)
    elif isinstance(x,R.URIRef) and DataObject._is_variable(x):
        return DataObject._graph_variable_to_var(x).n3()
    else:
        return x.n3()

def _rdf_literal_to_python(x):
    if isinstance(x, R.Literal):
        x = x.toPython()
        if isinstance(x, R.Literal):
            x = str(x)
    return x

def _triples_to_bgp(trips):
    # XXX: Collisions could result between the variable names of different objects
    g = " .\n".join(" ".join(_rdf_identifier_to_gp(x) for x in y) for y in trips)
    return g

_DataObjects = dict()
_DataObjectsParents = dict()

class DataObject(DataUser):
    """ An object backed by the database

    Attributes
    -----------
    rdf_type : rdflib.term.URIRef
        The RDF type URI for objects of this type
    rdf_namespace : rdflib.namespace.Namespace
        The rdflib namespace (prefix for URIs) for objects from this class
    properties : list of Property
        Properties belonging to this object
    owner_properties : list of Property
        Properties belonging to parents of this object
    """
    _openSet = set()
    _closedSet = set()
    i = 0

    @classmethod
    def openSet(self):
        return self._openSet

    def __init__(self,ident=False,triples=False,**kwargs):
        try:
            DataUser.__init__(self,**kwargs)
        except BadConf, e:
            raise Exception("You may need to connect to a database before continuing.")

        if not triples:
            self._triples = []
        else:
            self._triples = triples
        self._is_releasing_triples = False
        self.properties = []
        self.owner_properties = []
        # Used in triples()
        self._id_is_set = False

        if ident:
            self._id = R.URIRef(ident)
            self._id_is_set = True
        else:
            # Randomly generate an identifier if the derived class can't
            # come up with one from the start. Ensures we always have something
            # that functions as an identifier
            import random
            import struct
            v = struct.pack("=2f",random.random(),random.random())
            cname = self.__class__.__name__
            self._id_variable = self._graph_variable(cname + v.encode('hex'))
            self._id = self.make_identifier(v)
        DataObject.addToOpenSet(self)

    def __eq__(self,other):
        return isinstance(other,DataObject) and (self.identifier() == other.identifier())

    def __str__(self):
        s = self.__class__.__name__ + "("
        s +=  ", ".join(str(x) for x in self.properties if x.hasValue())
        s += ")"
        return s

    def __repr__(self):
        return self.__str__()

    def _graph_variable(self,var_name):
        """ Make a variable for storage in the graph """
        return self.conf['rdf.namespace']["variable#"+var_name]

    @classmethod
    def addToOpenSet(cls,o):
        cls._openSet.add(o)

    @classmethod
    def removeFromOpenSet(cls,o):
        if o not in cls._closedSet:
            cls._openSet.remove(o)
            cls._closedSet.add(o)

    def id_is_variable(self):
        """ Is the uriref a graph variable? """
        return DataObject._is_variable(self.identifier(query=True))

    @classmethod
    def _is_variable(cls,uri):
        """ Is the uriref a graph variable? """
        # We should be able to extract the type from the identifier
        if not isinstance(uri,R.URIRef):
            return False
        cn = cls._extract_class_name(uri)
        #print 'cn = ', cn
        return (cn == 'variable')

    @classmethod
    def _graph_variable_to_var(cls,uri):

        from urlparse import urlparse
        u = urlparse(uri)
        x = u.path.split('/')
        #print uri
        if x[2] == 'variable':
            #print 'fragment = ', u.fragment
            return R.Variable(u.fragment)
        else:
            return uri

    @classmethod
    def _graph_variable_to_var0(cls,uri):

        from urlparse import urlparse
        u = urlparse(uri)
        x = u.path.split('/')
        #print uri
        if x[2] == 'variable':
            #print 'fragment = ', u.fragment
            return "?"+u.fragment

    def identifier(self,query=False):
        """
        The identifier for this object in the rdf graph.

        This identifier may be randomly generated, but an identifier returned from the
        graph can be used to retrieve the specific object that it refers to.
        """
        if query and not self._id_is_set:
            return self._id_variable
        else:
            return self._id

    def make_identifier(self, data):
        import hashlib
        return R.URIRef(self.rdf_namespace["a"+hashlib.md5(str(data)).hexdigest()])

    def triples(self, query=False, visited_list=False, **kwargs):
        """
        Should be overridden by derived classes to return appropriate triples

        Returns
        --------
        An iterable of triples
        """
        if visited_list == False:
            visited_list = set()

        if self in visited_list:
            return
        else:
            visited_list.add(self)

        ident = self.identifier(query=query)
        yield (ident, R.RDF['type'], self.rdf_type)

        # For objects that are defined by triples, we can just release these.
        # However, they are still data objects, so they must have the above
        # triples released as well.
        for x in self._triples:
            yield x

        # Properties (of type Property) can be attached to an object
        # However, we won't require that there even is a property list in this
        # case.
        if hasattr(self, 'properties'):
            for x in self.properties:
                if isinstance(x, SimpleProperty):
                    if x.hasValue():
                        yield (ident, x.link, x.identifier(query=query))
                        for y in x.triples(query=query, visited_list=visited_list, **kwargs):
                            yield y
                    elif x.hasVariable():
                        yield (ident, x.link, x.identifier(query=query))
                        for y in x.triples(query=query, visited_list=visited_list, **kwargs):
                            yield y
                else:
                    for y in x.triples(query=query, visited_list=visited_list, **kwargs):
                        yield y

    def graph_pattern(self,query=False):
        """ Get the graph pattern for this object.

        It should be as simple as converting the result of triples() into a BGP
        """
        visited_list = set()
        return _triples_to_bgp(self.triples(query=query, visited_list=visited_list))

    def save(self):
        """ Write in-memory data to the database. Derived classes should call this to update the store. """

        ss = set()
        self.add_statements(self.triples(visited_list=ss, saving=True))

    def object_from_id(self,identifier,rdf_type=False):
        """ Load an object from the database using its type and id

        Parameters
        ----------
        identifier : rdflib.term.URIRef
            the object's id
        rdf_type : rdflib.term.URIRef
            the object's type. Optional.
        """
        # XXX: This is a class method because we need to get the conf
        # We should be able to extract the type from the identifier
        if rdf_type:
            uri = rdf_type
        else:
            uri = identifier

        cn = self._extract_class_name(uri)
        # if its our class name, then make our own object
        # if there's a part after that, that's the property name
        o = _DataObjects[cn](ident=identifier)
        return o

    @classmethod
    def _extract_class_name(self,uri):
        from urlparse import urlparse
        u = urlparse(uri)
        x = u.path.split('/')
        if len(x) >= 3 and x[1] == 'entities':
            return x[2]

    @classmethod
    def _extract_property_name(self,uri):
        from urlparse import urlparse
        u = urlparse(uri)
        x = u.path.split('/')
        if len(x) >= 4 and x[1] == 'entities':
            return x[3]

    # Must resolve, somehow, to a set of triples that we can manipulate
    # For instance, one or more construct query could represent the object or
    # the triples might be stored in memory.
    @classmethod
    def DatatypeProperty(cls,*args,**kwargs):
        """ Create a SimpleProperty that has a simple type (string,number,etc) as its value

        Parameters
        ----------
        linkName : string
            The name of this Property.
        owner : PyOpenWorm.dataObject.DataObject
            The name of this Property.
        """
        return cls._create_property(*args,property_type='DatatypeProperty',**kwargs)

    @classmethod
    def ObjectProperty(cls, *args,**kwargs):
        """ Create a SimpleProperty that has a complex DataObject as its value

        Parameters
        ----------
        linkName : string
            The name of this Property.
        owner : PyOpenWorm.dataObject.DataObject
            The name of this Property.
        value_type : type
            The type of DataObject for values of this property
        """
        return cls._create_property(*args,property_type='ObjectProperty',**kwargs)

    @classmethod
    def _create_property(cls, linkName, owner, property_type, value_type=False, multiple=False):
        #XXX This should actually get called for all of the properties when their owner
        #    classes are defined.
        #    The initialization, however, must happen with the owner object's creation
        owner_class = cls
        owner_class_name = owner_class.__name__
        property_class_name = owner_class_name + "_" + linkName
        if value_type == False:
            value_type = DataObject

        c = None
        if property_class_name in _DataObjects:
            c = _DataObjects[property_class_name]
        else:
            if property_type == 'ObjectProperty':
                value_rdf_type = value_type.rdf_type
            else:
                value_rdf_type = False
            c = type(property_class_name,(SimpleProperty,),dict(linkName=linkName, property_type=property_type, value_rdf_type=value_rdf_type, owner_type=owner_class, multiple=multiple))
            _DataObjects[property_class_name] = c
            c.register()

        return c(owner=owner)

    @classmethod
    def register(cls):
        """ Registers the class as a DataObject to be included in the configured rdf graph.
            Puts this class under the control of the database for metadata.

        :return: None
        """
        # NOTE: This expects that configuration has been read in and that the database is available
        assert(issubclass(cls, DataObject))
        _DataObjects[cls.__name__] = cls
        _DataObjectsParents[cls.__name__] = [x for x in cls.__bases__ if issubclass(x, DataObject)]
        cls.parents = _DataObjectsParents[cls.__name__]
        cls.rdf_type = cls.conf['rdf.namespace'][cls.__name__]
        cls.rdf_namespace = R.Namespace(cls.rdf_type + "/")
        cls.conf['rdf.namespace_manager'].bind(cls.__name__, cls.rdf_namespace)

    def load(self):
        """ Load in data from the database. Derived classes should override this for their own data structures.

        ``load()`` returns an iterable object which yields DataObjects which have the same class as the object and have, for the Properties set, the same values

        :param self: An object which limits the set of objects which can be returned. Should have the configuration necessary to do the query
        """
        if not DataObject._is_variable(self.identifier(query=True)):
            yield self
        else:
            trips = list(self.triples(query=True))
            type_trip_check = lambda t: ((t[1] == R.RDF['type']) and (isinstance(t[0], R.Variable) or DataObject._is_variable(t[0])))
            non_type_trips = [t for t in trips if not type_trip_check(t)]
            type_trips = [t for t in trips if type_trip_check(t)]

            if len(non_type_trips) == 0:
                gp = _triples_to_bgp(type_trips)
            else:
                gp = _triples_to_bgp(non_type_trips)
                if type_trips:
                    gp = gp + " . FILTER (EXISTS { "+_triples_to_bgp(type_trips)+" })"


            ident = self.identifier(query=True)
            ident = self._graph_variable_to_var(ident) # XXX: Assuming that this object doesn't have a set identifier
            q = "SELECT DISTINCT {0} {0}_type where {{ {{ {1} }} . {0} rdf:type {0}_type }} ORDER BY {0}".format(ident.n3(), gp)
            qres = self.rdf.query(q)
            results = _QueryResultsTypeResolver(self, qres)()
            for x in results:
                yield x

    def retract(self):
        """ Remove this object from the data store. """
        self.retract_statements(self.graph_pattern(query=True))

    def __getitem__(self, x):
        try:
            return DataUser.__getitem__(self, x)
        except KeyError:
            raise Exception("You attempted to get the value `%s' from `%s'. It isn't here. Perhaps you misspelled the name of a Property?" % (x, self))

    def getOwners(self, property_name):
        """ Return the owners along a property pointing to this object """
        res = []
        for x in self.owner_properties:
            if isinstance(x, SimpleProperty):
                if str(x.link) == str(property_name):
                    res.append(x.owner)
        return res

class _QueryResultsTypeResolver(object):
    # Takes an iterable of (identifier, type) results in qres, sorted by the identifier
    # and adds the objects corresponding to the result list
    def __init__(self, ob, qres):
        self.ob = ob # The DataObject that created this QRTR
        self.qres = iter(qres) # The query results
        self.results = []

    def s(self):
        try:
            k = next(self.qres)
        except StopIteration as e:
            k = (None, None)
        return k

    def g0(self, ident, types):
        while ident is not None:
            k = self.s()
            n_ident = k[0]
            n_type = k[1]

            if n_ident != ident:
                o = self.ob.object_from_id(ident, get_most_specific_rdf_type(types))
                self.results.append(o)
                types = [n_type]
            else:
                types = [n_type] + types
            ident = n_ident

    def g(self):
        k = self.s()
        if k[0] is None:
            return
        else:
            self.g0(k[0], [k[1]])
    def __call__(self):
        self.g()
        return self.results

def get_most_specific_rdf_type(types):
    """ Gets the most specific rdf_type.

    Returns the URI corresponding to the lowest in the DataObject class hierarchy
    from among the given URIs.
    """
    most_specific_type = DataObject
    for x in types:
        cn = DataObject._extract_class_name(x) # TODO: Make a table to lookup by the class URI
        try:
            class_object = _DataObjects[cn]
            if issubclass(class_object, most_specific_type):
                most_specific_type = class_object
        except KeyError as e:
            L.warn("""A a Python class named "{}" corresponding to the type URI "{}" couldn't be found.
            You may want to import the module containing the class as well as add additional type
            annotations in order to resolve your objects to a more precise type than DataObject.""".format(cn, x))
    return most_specific_type.rdf_type

# Define a property by writing the get
class Property(DataObject):
    """ Store a value associated with a DataObject

    Properties can be be accessed like methods. A method call like::

        a.P()

    for a property ``P`` will return values appropriate to that property for ``a``,
    the `owner` of the property.

    Parameters
    ----------
    owner : PyOpenWorm.dataObject.DataObject
        The owner of this property
    name : string
        The name of this property. Can be accessed as an attribute like::

            owner.name

    """

    # Indicates whether the Property is multivalued
    multiple = False

    def __init__(self, name=False, owner=False, **kwargs):
        DataObject.__init__(self, **kwargs)
        self.owner = owner
        if self.owner:
            self.owner.properties.append(self)
            if name:
                setattr(self.owner, name, self)
            DataObject.removeFromOpenSet(self)
        # XXX: Default implementation is a box for a value
        self._value = False

    def get(self,*args):
        """ Get the things which are on the other side of this property

        The return value must be iterable. For a ``get`` that just returns
        a single value, an easy way to make an iterable is to wrap the
        value in a tuple like ``(value,)``.

        Derived classes must override.
        """
        # This should run a query or return a cached value
        raise NotImplementedError()
    def set(self,*args,**kwargs):
        """ Set the value of this property

        Derived classes must override.
        """
        # This should set some values and call DataObject.save()
        raise NotImplementedError()

    def one(self):
        """ Returns a single value for the ``Property`` whether or not it is multivalued.
        """

        try:
            r = self.get()
            return next(iter(r))
        except StopIteration:
            return None

    def hasValue(self):
        """ Returns true if the Property has any values set on it.

        This may be defined differently for each property
        """
        return True

    def __call__(self,*args,**kwargs):
        """ If arguments are passed to the ``Property``, its ``set`` method
        is called. Otherwise, the ``get`` method is called. If the ``multiple``
        member for the ``Property`` is set to ``True``, then a Python set containing
        the associated values is returned. Otherwise, a single bare value is returned.
        """

        if len(args) > 0 or len(kwargs) > 0:
            self.set(*args,**kwargs)
            return self
        else:
            r = self.get(*args,**kwargs)
            if isinstance(self, SimpleProperty): #XXX: _get is defined only for SimpleProperty objects
                r = IT.chain(r, self._get(*args, **kwargs))
            if self.multiple:
                return set(r)
            else:
                try:
                    return next(iter(r))
                except StopIteration:
                    return None

    # Get the property (a relationship) itself

class SimpleProperty(Property):
    """ A property that has one or more links to a literals or DataObjects """

    def __init__(self,**kwargs):
        if not hasattr(self,'linkName'):
            self.__class__.linkName = self.__class__.__name__ + "property"
        Property.__init__(self, name=self.linkName, **kwargs)
        self.value_property = SimpleProperty.rdf_namespace['value']

        # Values set on this property
        self._v = []

        # The variable to be used for querying this property
        self._var = None
        if (self.owner==False) and hasattr(self,'owner_type'):
            self.owner = self.owner_type()

        if self.owner != False:
            # XXX: Shouldn't be recreating this here...
            self.link = self.owner_type.rdf_namespace[self.linkName]

    def hasVariable(self):
        return (self._var is not None)

    def hasValue(self):
        """ Returns true if the ``Property`` has had ``load`` called previously and some value was available or if
        ``set`` has been called previously

        :return: True if this data object has a value, False if not.
        """
        return len(self._v) > 0

    def _get(self):
        for x in self._v:
            yield x

    def get(self):
        """ If the ``Property`` has had ``load`` or ``set`` called previously, returns
        the resulting values. Otherwise, queries the configured rdf graph for values
        which are set for the ``Property``'s owner.
        """
        import random as RND
        if self.id_is_variable():
            try:
                self._var = R.Variable("V"+str(int(RND.random() * 1E10)))
                gp = self.owner.graph_pattern(query=True)
                if self.property_type == 'DatatypeProperty':
                    q = u"SELECT DISTINCT {0} where {{ {1} . }}".format(self._var.n3(), gp)
                elif self.property_type == 'ObjectProperty':
                    q = "SELECT DISTINCT {0} {0}_type where {{ {{ {1} }} . {0} rdf:type {0}_type }} ORDER BY {0}".format(self._var.n3(), gp)
                else:
                    raise Exception("Inappropriate property type "+self.property_type+" in SimpleProperty::get")
            finally:
                self._var = None
            qres = self.rdf.query(q)
            if self.property_type == 'DatatypeProperty':
                for x in qres:
                    if x[0] is not None and not DataObject._is_variable(x[0]):
                        yield _rdf_literal_to_python(x[0])
            elif self.property_type == 'ObjectProperty':
                for x in _QueryResultsTypeResolver(self, qres)():
                    yield x
        else:
            for value in self.rdf.objects(self.identifier(query=False), self.value_property):
                if self.property_type == 'DatatypeProperty':
                    if value is not None and not DataObject._is_variable(value):
                        yield _rdf_literal_to_python(value)
                elif self.property_type == 'ObjectProperty':
                    constructed_qres = set()
                    for rdf_type in self.rdf.objects(value, R.RDF['type']):
                        constructed_qres.add((value, rdf_type))

                    for ob in _QueryResultsTypeResolver(self, constructed_qres)():
                        yield ob

    def set(self,v):
        import bisect
        bisect.insort(self._v, v)
        if self.property_type == 'ObjectProperty':
            v.owner_properties.append(self)

        if isinstance(v,DataObject):
            DataObject.removeFromOpenSet(v)
        self.add_statements([])

    def triples(self,*args,**kwargs):
        query=kwargs.get('query',False)
        visited_list = kwargs.get('visited_list', False)

        if visited_list == False:
            visited_list = set()

        if self in visited_list:
            return
        else:
            visited_list.add(self)

        ident = self.identifier(query=query)

        if kwargs.get('saving', False):
            yield (self.identifier(), R.RDF['type'], self.rdf_type)

        if len(self._v) > 0:
            for x in Property.triples(self,*args,**kwargs):
                yield x
            for x in self._v:
                try:
                    if self.property_type == 'DatatypeProperty':
                        if isinstance(x, R.term.Identifier):
                            yield (ident, self.value_property, x)
                        else:
                            yield (ident, self.value_property, R.Literal(x))
                    elif self.property_type == 'ObjectProperty':
                        yield (ident, self.value_property, x.identifier(query=query))
                        for t in x.triples(*args,**kwargs):
                            yield t
                except Exception:
                    traceback.print_exc()
        elif query==True:
            if self.hasVariable():
                yield (ident, self.value_property, self._var)

    def triples0(self,*args,**kwargs):
        query=kwargs.get('query',False)
        owner_id = self.owner.identifier(query=query)
        ident = self.identifier(query=query)


        if len(self._v) > 0:
            for x in Property.triples(self,*args,**kwargs):
                yield x
            yield (owner_id, self.link, ident)
            for x in self._v:
                try:
                    if self.property_type == 'DatatypeProperty':
                        yield (ident, self.value_property, R.Literal(x))
                    elif self.property_type == 'ObjectProperty':
                        yield (ident, self.value_property, x.identifier(query=query))
                        for t in x.triples(*args,**kwargs):
                            yield t
                except Exception:
                    traceback.print_exc()
        elif query==True:
            # XXX: Remove this and require that we have a variable in `self._v` before
            #      we release triples that contain variables of any kind
            gv = self._graph_variable(self.linkName)
            yield (owner_id, self.link, ident)
            yield (ident, self.value_property, gv)

    def load(self):
        """ Loads in values to this ``Property`` which have been set for the associated owner,
        or if the owner refers to an unspecified member of its class, loads values which could
        be set based on the constraints on the owner.
        """
        # This load is way simpler since we just need the values for this property
        gp = self.graph_pattern(query=True)
        q = "SELECT DISTINCT ?"+self.linkName+"  where { "+ gp +" . }"
        L.debug('load_query='+q)
        qres = self.conf['rdf.graph'].query(q)
        for k in qres:
            k = k[0]
            value = False
            if not self._is_variable(k):
                if self.property_type == 'ObjectProperty':
                    value = self.object_from_id(k)
                elif self.property_type == 'DatatypeProperty':
                    value = str(k)

                if value:
                    self._v.append(value)
        yield self

    def identifier(self,query=False):
        """ Return the URI for this object

        Parameters
        ----------
        query: bool
            Indicates whether the identifier is to be used in a query or not
        """
        ident = DataObject.identifier(self,query=query)
        if self._id_is_set:
            return ident

        if query:
            # If we're querying then our identifier should be a variable if either our value is empty
            # or our owner's identifier is a variable
            owner_id = self.owner.identifier(query=query)
            vlen = len(self._v)
            if vlen == 0 or DataObject._is_variable(owner_id):
                return ident

        # Intentional fall through from if statement ...
        value_data = ""
        if self.property_type == 'DatatypeProperty':
            value_data = "".join(str(x) for x in self._v)
        elif self.property_type == 'ObjectProperty':
            for value in self._v:
                if not isinstance(value, DataObject):
                    raise Exception("Values for an ObjectProperty ({}) must be DataObjects. Given '{}'.".format(self, value))
            value_data = "".join(str(x.identifier()) for x in self._v if self is not x)

        return self.make_identifier((str(self.owner.identifier(query=False)), self.link, value_data))

    def __str__(self):
        return unicode(self.linkName + "=" + unicode(";".join(u"`{}'".format(unicode(x)) for x in set(self._v))))


class values(DataObject):
    """
    A convenience class for working with a collection of objects

    Example::

        v = values('unc-13 neurons and muscles')
        n = P.Neuron()
        m = P.Muscle()
        n.receptor('UNC-13')
        m.receptor('UNC-13')
        for x in n.load():
            v.value(x)
        for x in m.load():
            v.value(x)
        # Save the group for later use
        v.save()
        ...
        # get the list back
        u = values('unc-13 neurons and muscles')
        nm = list(u.value())


    Parameters
    ----------
    group_name : string
        A name of the group of objects

    Attributes
    ----------
    name : DatatypeProperty
        The name of the group of objects
    value : ObjectProperty
        An object in the group
    add : ObjectProperty
        an alias for ``value``

    """
    def __init__(self,group_name,**kwargs):
        DataObject.__init__(self,**kwargs)
        self.add = values.ObjectProperty('value', owner=self)
        self.group_name = values.DatatypeProperty('name', owner=self)
        self.name(group_name)

    def identifier(self, query=False):
        return self.make_identifier(self.group_name)
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  Source code for PyOpenWorm.channel

from PyOpenWorm import *

class References(Property):
    multiple=True
    def __init__(self, **kwargs):
        Property.__init__(self, 'references', **kwargs)
        self._refs = []

    def set(self, e=False, **kwargs):
        """
        Add a reference to the list.
        This method will also take care of mapping the Evidence's assertion to
        this ChannelModel

        Parameters
        ----------
        e : Evidence or Experiment
            The Experiment or Evidence that supports this ChannelModel

        Returns
        -------
        None
        """
        if isinstance(e, Evidence):
            e.asserts(self.owner)
            self._refs.append(e)
        elif isinstance(e, Experiment):
            e = e.reference()
            e.asserts(self.owner)
            self._refs.append(e)

    def get(self, **kwargs):
        """
        Retrieve the reference list for this ChannelModel

        Parameters
        ----------
        None

        Returns
        -------
        Set of Evidence and Experiment objects
        """
        if len(self._refs) == 0:
            #Make dummy Evidence to load from db
            ev = Evidence()
            ev.asserts(self.owner)
            #Make dummy Experiment with this Evidence
            ex = Experiment(reference=ev)
            #load from db
            for e in ev.load():
                self._refs.append(e)
            for e in ex.load():
                self._refs.append(e)
        #now return the iterable set
        for r in self._refs:
            yield r

class ChannelModelType:
    patchClamp = "Patch clamp experiment"
    homologyEstimate = "Estimation based on homology"

class ChannelModel(DataObject):
    """
    A model for an ion channel.

    There may be multiple models for a single channel.

    Parameters
    ----------
    modelType : DatatypeProperty
        What this model is based on (either "homology" or "patch-clamp")

    Attributes
    ----------
    modelType : DatatypeProperty
        Passed in on construction
    ion : DatatypeProperty
        The type of ion this channel selects for
    gating : DatatypeProperty
        The gating mechanism for this channel ("voltage" or name of ligand(s) )
    references : Property
        Evidence for this model. May be either Experiment or Evidence object(s).
    conductance : DatatypeProperty
        The conductance of this ion channel. This is the initial value, and
        should be entered as a Quantity object.
    """

    def __init__(self, modelType=False, *args, **kwargs):
        DataObject.__init__(self, **kwargs)
        ChannelModel.DatatypeProperty('modelType', self)
        ChannelModel.DatatypeProperty('ion', self, multiple=True)
        ChannelModel.DatatypeProperty('gating', self, multiple=True)
        ChannelModel.DatatypeProperty('conductance', self)
        References(owner=self)

        #Change modelType value to something from ChannelModelType class on init
        if (isinstance(modelType, basestring)):
            modelType = modelType.lower()
            if modelType in ('homology', ChannelModelType.homologyEstimate):
                self.modelType(ChannelModelType.homologyEstimate)
            elif modelType in ('patch-clamp', ChannelModelType.patchClamp):
                self.modelType(ChannelModelType.patchClamp)

class Models(Property):
    multiple=True
    def __init__(self, **kwargs):
        Property.__init__(self, 'models', **kwargs)
        self._models = []

    def get(self, **kwargs):
        """
        Get a list of models for this channel

        Parameters
        ----------
        None

        Returns
        -------
        set of ChannelModel
        """

        if len(self._models) > 0:
            for m in self._models:
                yield m
        else:
            #make a dummy ChannelModel so we can load from db to memory
            c = ChannelModel()
            for m in c.load():
                self._models.append(m)
            #call `get()` again to yield ChannelModels the user asked for
            self.get()

    def set(self, m, **kwargs):
        """
        Add a model to this Channel

        Parameters
        ----------
        m : ChannelModel
            The model to be added (instance of ChannelModel class)

        Returns
        -------
        The ChannelModel being inserted (this is a side-effect)
        """

        self._models.append(m)
        return m

    def triples(self,**kwargs):
        for c in self._models:
            for x in c.triples(**kwargs):
                yield x

[docs]class Channel(DataObject):
    """
    An ion channel.

    Channels are identified by subtype name.

    Parameters
    ----------
    subfamily : string
        The subfamily to which the ion channel belongs

    Attributes
    ----------
    subfamily : DatatypeProperty
        The subfamily to which the ion channel belongs
    Models : Property
        Get experimental models of this ion channel
    """

    def __init__(self, subfamily=False, **kwargs):
        DataObject.__init__(self, **kwargs)
        # Get Models of this Channel
        Models(owner=self)
        Channel.DatatypeProperty('subfamily', owner=self)

        if isinstance(subfamily, basestring):
            self.subfamily = subfamily
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  Source code for PyOpenWorm.data

# A consolidation of the data sources for the project
# includes:
# NetworkX!
# RDFlib!
# Other things!
#
# Works like Configure:
# Inherit from the DataUser class to access data of all kinds (listed above)

import sqlite3
import networkx as nx
import PyOpenWorm
from PyOpenWorm import Configureable, Configure, ConfigValue, BadConf
import hashlib
import csv
import urllib2
from rdflib import URIRef, Literal, Graph, Namespace, ConjunctiveGraph
from rdflib.namespace import RDFS, RDF, NamespaceManager
from datetime import datetime as DT
import datetime
import transaction
import os
import traceback
import logging as L

__all__ = ["Data", "DataUser", "RDFSource", "SerializationSource", "TrixSource", "SPARQLSource", "SleepyCatSource", "DefaultSource", "ZODBSource"]

class _B(ConfigValue):
    def __init__(self, f):
        self.v = False
        self.f = f

    def get(self):
        if not self.v:
            self.v = self.f()

        return self.v
    def invalidate(self):
        self.v = False

ZERO = datetime.timedelta(0)
class _UTC(datetime.tzinfo):
    """UTC"""

    def utcoffset(self, dt):
        return ZERO

    def tzname(self, dt):
        return "UTC"

    def dst(self, dt):
        return ZERO
utc = _UTC()

propertyTypes = {"send" : 'http://openworm.org/entities/356',
        "Neuropeptide" : 'http://openworm.org/entities/354',
        "Receptor" : 'http://openworm.org/entities/361',
        "is a" : 'http://openworm.org/entities/1515',
        "neuromuscular junction" : 'http://openworm.org/entities/1516',
        "Innexin" : 'http://openworm.org/entities/355',
        "Neurotransmitter" : 'http://openworm.org/entities/313',
        "gap junction" : 'http://openworm.org/entities/357'}

def grouper(iterable, n, fillvalue=None):
    "Collect data into fixed-length chunks or blocks"
    # grouper('ABCDEFG', 3, 'x') --> ABC DEF Gxx
    args = [iter(iterable)] * n
    while True:
        l = []
        try:
            for x in args:
                l.append(next(x))
        except:
            pass
        yield l
        if len(l) < n:
            break

class DataUser(Configureable):
    """ A convenience wrapper for users of the database

    Classes which use the database should inherit from DataUser.
    """
    def __init__(self, **kwargs):
        Configureable.__init__(self, **kwargs)
        if not isinstance(self.conf, Data):
            raise BadConf("Not a Data instance: "+ str(self.conf))

    @property
    def base_namespace(self):
        return self.conf['rdf.namespace']

    @base_namespace.setter
    def base_namespace_set(self, value):
        self.conf['rdf.namespace'] = value

    @property
    def rdf(self):
        return self.conf['rdf.graph']

    @rdf.setter
    def rdf(self, value):
        self.conf['rdf.graph'] = value

    def _remove_from_store(self, g):
        # Note the assymetry with _add_to_store. You must add actual elements, but deletes
        # can be performed as a query
        for group in grouper(g, 1000):
            temp_graph = Graph()
            for x in group:
                if x is not None:
                    temp_graph.add(x)
                else:
                    break
            s = " DELETE DATA {" + temp_graph.serialize(format="nt") + " } "
            L.debug("deleting. s = " + s)
            self.conf['rdf.graph'].update(s)

    def _add_to_store(self, g, graph_name=False):
        if self.conf['rdf.store'] == 'SPARQLUpdateStore':
            # XXX With Sesame, for instance, it is probably faster to do a PUT over
            #     the endpoint's rest interface. Just need to do it for some common endpoints

            try:
                gs = g.serialize(format="nt")
            except:
                gs = _triples_to_bgp(g)

            if graph_name:
                s = " INSERT DATA { GRAPH "+graph_name.n3()+" {" + gs + " } } "
            else:
                s = " INSERT DATA { " + gs + " } "
                L.debug("update query = " + s)
                self.conf['rdf.graph'].update(s)
        else:
            gr = self.conf['rdf.graph']
            for x in g:
                gr.add(x)

        if self.conf['rdf.source'] == 'ZODB':
            # Commit the current transaction
            transaction.commit()
            # Fire off a new one
            transaction.begin()

        #infer from the added statements
        #self.infer()

    def infer(self):
        """ Fire FuXi rule engine to infer triples """

        from FuXi.Rete.RuleStore import SetupRuleStore
        from FuXi.Rete.Util import generateTokenSet
        from FuXi.Horn.HornRules import HornFromN3
        #fetch the derived object's graph
        semnet = self.rdf
        rule_store, rule_graph, network = SetupRuleStore(makeNetwork=True)
        closureDeltaGraph = R.Graph()
        network.inferredFacts = closureDeltaGraph
        #build a network of rules
        for rule in HornFromN3('testrules.n3'):
            network.buildNetworkFromClause(rule)
        # apply rules to original facts to infer new facts
        network.feedFactsToAdd(generateTokenSet(semnet))
        # combine original facts with inferred facts
        for x in closureDeltaGraph:
            self.rdf.add(x)

    def add_reference(self, g, reference_iri):
        """
        Add a citation to a set of statements in the database

        :param triples: A set of triples to annotate
        """
        new_statements = Graph()
        ns = self.conf['rdf.namespace']
        for statement in g:
            statement_node = self._reify(new_statements,statement)
            new_statements.add((URIRef(reference_iri), ns['asserts'], statement_node))

        self.add_statements(g + new_statements)

    #def _add_unannotated_statements(self, graph):
    # A UTC class.

    def retract_statements(self, graph):
        """
        Remove a set of statements from the database.

        :param graph: An iterable of triples
        """
        self._remove_from_store_by_query(graph)
    def _remove_from_store_by_query(self, q):
        import logging as L
        s = " DELETE WHERE {" + q + " } "
        L.debug("deleting. s = " + s)
        self.conf['rdf.graph'].update(s)

    def add_statements(self, graph):
        """
        Add a set of statements to the database.
        Annotates the addition with uploader name, etc

        :param graph: An iterable of triples
        """
        self._add_to_store(graph)

    def _reify(self,g,s):
        """
        Add a statement object to g that binds to s
        """
        n = self.conf['new_graph_uri'](s)
        g.add((n, RDF['type'], RDF['Statement']))
        g.add((n, RDF['subject'], s[0]))
        g.add((n, RDF['predicate'], s[1]))
        g.add((n, RDF['object'], s[2]))
        return n



class Data(Configure, Configureable):
    """
    Provides configuration for access to the database.

    Usally doesn't need to be accessed directly
    """
    def __init__(self, conf=False):
        Configure.__init__(self)
        Configureable.__init__(self)
        # We copy over all of the configuration that we were given
        if conf:
            self.copy(conf)
        else:
            self.copy(Configureable.conf)
        self.namespace = Namespace("http://openworm.org/entities/")
        self.molecule_namespace = Namespace("http://openworm.org/entities/molecules/")
        self['nx'] = _B(self._init_networkX)
        self['rdf.namespace'] = self.namespace
        self['molecule_name'] = self._molecule_hash
        self['new_graph_uri'] = self._molecule_hash

    @classmethod
    def open(cls,file_name):
        """ Open a file storing configuration in a JSON format """
        Configureable.conf = Configure.open(file_name)
        return cls()

    def openDatabase(self):
        """ Open a the configured database """
        self._init_rdf_graph()
        L.debug("opening " + str(self.source))
        self.source.open()
        nm = NamespaceManager(self['rdf.graph'])
        self['rdf.namespace_manager'] = nm
        self['rdf.graph'].namespace_manager = nm

        nm.bind("", self['rdf.namespace'])

    def closeDatabase(self):
        """ Close a the configured database """
        self.source.close()

    def _init_rdf_graph(self):
        # Set these in case they were left out
        c = self.conf
        self['rdf.source'] = c['rdf.source'] = c.get('rdf.source', 'default')
        self['rdf.store'] = c['rdf.store'] = c.get('rdf.store', 'default')
        self['rdf.store_conf'] = c['rdf.store_conf'] = c.get('rdf.store_conf', 'default')

        # XXX:The conf=self can probably be removed
        self.sources = {'sqlite' : SQLiteSource,
                'sparql_endpoint' : SPARQLSource,
                'sleepycat' : SleepyCatSource,
                'default' : DefaultSource,
                'trix' : TrixSource,
                'serialization' : SerializationSource,
                'zodb' : ZODBSource
                }
        i = self.sources[self['rdf.source'].lower()]()
        self.source = i
        self.link('semantic_net_new', 'semantic_net', 'rdf.graph')
        self['rdf.graph'] = i
        return i

    def _molecule_hash(self, data):
        return URIRef(self.molecule_namespace[hashlib.sha224(str(data)).hexdigest()])

    def _init_networkX(self):
        g = nx.DiGraph()

        # Neuron table
        csvfile = urllib2.urlopen(self.conf['neuronscsv'])

        reader = csv.reader(csvfile, delimiter=';', quotechar='|')
        for row in reader:
            neurontype = ""
            # Detects neuron function
            if "sensory" in row[1].lower():
                neurontype += "sensory"
            if "motor" in row[1].lower():
                neurontype += "motor"
            if "interneuron" in row[1].lower():
                neurontype += "interneuron"
            if len(neurontype) == 0:
                neurontype = "unknown"

            if len(row[0]) > 0: # Only saves valid neuron names
                g.add_node(row[0], ntype = neurontype)

        # Connectome table
        csvfile = urllib2.urlopen(self.conf['connectomecsv'])

        reader = csv.reader(csvfile, delimiter=';', quotechar='|')
        for row in reader:
            g.add_edge(row[0], row[1], weight = row[3])
            g[row[0]][row[1]]['synapse'] = row[2]
            g[row[0]][row[1]]['neurotransmitter'] = row[4]
        return g

def modification_date(filename):
    t = os.path.getmtime(filename)
    return datetime.datetime.fromtimestamp(t)

class RDFSource(Configureable,PyOpenWorm.ConfigValue):
    """ Base class for data sources.

    Alternative sources should dervie from this class
    """
    i = 0
    def __init__(self, **kwargs):
        if self.i == 1:
            raise Exception(self.i)
        self.i+=1
        Configureable.__init__(self, **kwargs)
        self.graph = False

    def get(self):
        if self.graph == False:
            raise Exception("Must call openDatabase on Data object before using the database")
        return self.graph

    def close(self):
        if self.graph == False:
            return
        self.graph.close()
        self.graph = False

    def open(self):
        """ Called on ``PyOpenWorm.connect()`` to set up and return the rdflib graph.
        Must be overridden by sub-classes.
        """
        raise NotImplementedError()

class SerializationSource(RDFSource):
    """ Reads from an RDF serialization or, if the configured database is more recent, then from that.

        The database store is configured with::

            "rdf.source" = "serialization"
            "rdf.store" = <your rdflib store name here>
            "rdf.serialization" = <your RDF serialization>
            "rdf.serialization_format" = <your rdflib serialization format used>
            "rdf.store_conf" = <your rdflib store configuration here>

    """

    def open(self):
        if not self.graph:
            self.graph = True
            import glob
            # Check the ages of the files. Read the more recent one.
            g0 = ConjunctiveGraph(store=self.conf['rdf.store'])
            database_store = self.conf['rdf.store_conf']
            source_file = self.conf['rdf.serialization']
            file_format = self.conf['rdf.serialization_format']
            # store_time only works for stores that are on the local
            # machine.
            try:
                store_time = modification_date(database_store)
                # If the store is newer than the serialization
                # get the newest file in the store
                for x in glob.glob(database_store +"/*"):
                    mod = modification_date(x)
                    if store_time < mod:
                        store_time = mod
            except:
                store_time = DT.min

            trix_time = modification_date(source_file)

            g0.open(database_store, create=True)

            if store_time > trix_time:
                # just use the store
                pass
            else:
                # delete the database and read in the new one
                # read in the serialized format
                g0.parse(source_file,format=file_format)

            self.graph = g0

        return self.graph

class TrixSource(SerializationSource):
    """ A SerializationSource specialized for TriX

        The database store is configured with::

            "rdf.source" = "trix"
            "rdf.trix_location" = <location of the TriX file>
            "rdf.store" = <your rdflib store name here>
            "rdf.store_conf" = <your rdflib store configuration here>

    """
    def __init__(self,**kwargs):
        SerializationSource.__init__(self,**kwargs)
        h = self.conf.get('trix_location','UNSET')
        self.conf.link('rdf.serialization','trix_location')
        self.conf['rdf.serialization'] = h
        self.conf['rdf.serialization_format'] = 'trix'

def _rdf_literal_to_gp(x):
    return x.n3()

def _triples_to_bgp(trips):
    # XXX: Collisions could result between the variable names of different objects
    g = " .\n".join(" ".join(_rdf_literal_to_gp(x) for x in y) for y in trips)
    return g

class SPARQLSource(RDFSource):
    """ Reads from and queries against a remote data store

        ::

            "rdf.source" = "sparql_endpoint"
    """
    def open(self):
        # XXX: If we have a source that's read only, should we need to set the store separately??
        g0 = ConjunctiveGraph('SPARQLUpdateStore')
        g0.open(tuple(self.conf['rdf.store_conf']))
        self.graph = g0
        return self.graph

class SleepyCatSource(RDFSource):
    """ Reads from and queries against a local Sleepycat database

        The database can be configured like::

            "rdf.source" = "Sleepycat"
            "rdf.store_conf" = <your database location here>
    """
    def open(self):
        import logging
        # XXX: If we have a source that's read only, should we need to set the store separately??
        g0 = ConjunctiveGraph('Sleepycat')
        self.conf['rdf.store'] = 'Sleepycat'
        g0.open(self.conf['rdf.store_conf'],create=True)
        self.graph = g0
        logging.debug("Opened SleepyCatSource")


class SQLiteSource(RDFSource):
    """ Reads from and queries against a SQLite database

    See see the SQLite database :file:`db/celegans.db` for the format

    The database store is configured with::

        "rdf.source" = "Sleepycat"
        "sqldb" = "/home/USER/openworm/PyOpenWorm/db/celegans.db",
        "rdf.store" = <your rdflib store name here>
        "rdf.store_conf" = <your rdflib store configuration here>

    Leaving ``rdf.store`` unconfigured simply gives an in-memory data store.
    """
    def open(self):
        conn = sqlite3.connect(self.conf['sqldb'])
        cur = conn.cursor()

        #first step, grab all entities and add them to the graph
        n = self.conf['rdf.namespace']

        cur.execute("SELECT DISTINCT ID, Entity FROM tblentity")
        g0 = ConjunctiveGraph(self.conf['rdf.store'])
        g0.open(self.conf['rdf.store_conf'], create=True)

        for r in cur.fetchall():
            #first item is a number -- needs to be converted to a string
           first = str(r[0])
           #second item is text
           second = str(r[1])

           # This is the backbone of any RDF graph.  The unique
           # ID for each entity is encoded as a URI and every other piece of
           # knowledge about that entity is connected via triples to that URI
           # In this case, we connect the common name of that entity to the
           # root URI via the RDFS label property.
           g0.add( (n[first], RDFS.label, Literal(second)) )


        #second step, get the relationships between them and add them to the graph
        cur.execute("SELECT DISTINCT EnID1, Relation, EnID2, Citations FROM tblrelationship")

        gi = ''

        i = 0
        for r in cur.fetchall():
           #all items are numbers -- need to be converted to a string
           first = str(r[0])
           second = str(r[1])
           third = str(r[2])
           prov = str(r[3])

           ui = self.conf['molecule_name'](prov)
           gi = Graph(g0.store, ui)

           gi.add( (n[first], n[second], n[third]) )

           g0.add([ui, RDFS.label, Literal(str(i))])
           if (prov != ''):
               g0.add([ui, n[u'text_reference'], Literal(prov)])

           i = i + 1

        cur.close()
        conn.close()
        self.graph = g0

class DefaultSource(RDFSource):
    """ Reads from and queries against a configured database.

        The default configuration.

        The database store is configured with::

            "rdf.source" = "default"
            "rdf.store" = <your rdflib store name here>
            "rdf.store_conf" = <your rdflib store configuration here>

        Leaving unconfigured simply gives an in-memory data store.
    """
    def open(self):
        self.graph = ConjunctiveGraph(self.conf['rdf.store'])
        self.graph.open(self.conf['rdf.store_conf'],create=True)

class ZODBSource(RDFSource):
    """ Reads from and queries against a configured Zope Object Database.

        If the configured database does not exist, it is created.

        The database store is configured with::

            "rdf.source" = "ZODB"
            "rdf.store_conf" = <location of your ZODB database>

        Leaving unconfigured simply gives an in-memory data store.
    """
    def __init__(self,*args,**kwargs):
        RDFSource.__init__(self,*args,**kwargs)
        self.conf['rdf.store'] = "ZODB"

    def open(self):
        import ZODB
        from ZODB.FileStorage import FileStorage
        self.path = self.conf['rdf.store_conf']
        openstr = os.path.abspath(self.path)

        fs=FileStorage(openstr)
        self.zdb=ZODB.DB(fs)
        self.conn=self.zdb.open()
        root=self.conn.root()
        if 'rdflib' not in root:
            root['rdflib'] = ConjunctiveGraph('ZODB')
        self.graph = root['rdflib']
        try:
            transaction.commit()
        except Exception as e:
            # catch commit exception and close db.
            # otherwise db would stay open and follow up tests
            # will detect the db in error state
            L.warning('Forced to abort transaction on ZODB store opening')
            traceback.print_exc()
            transaction.abort()
        transaction.begin()
        self.graph.open(self.path)


    def close(self):
        if self.graph == False:
            return

        self.graph.close()

        try:
            transaction.commit()
        except Exception as e:
            # catch commit exception and close db.
            # otherwise db would stay open and follow up tests
            # will detect the db in error state
            traceback.print_exc()
            L.warning('Forced to abort transaction on ZODB store closing')
            transaction.abort()
        self.conn.close()
        self.zdb.close()
        self.graph = False
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