

    
      
          
            
  
BrickSchema Documentation

The brickschema package makes it easy to get started with Brick and Python. Among the features it provides are:


	management and querying of Brick models


	simple OWL-RL, SHACL and other inference


	
	Haystack and VBIS integration:
	
	convert Haystack models to Brick


	add VBIS tags to a Brick model, or get Brick types from VBIS tags












import brickschema

# creates a new rdflib.Graph with a recent version of the Brick ontology
# preloaded.
g = brickschema.Graph(load_brick=True)
# OR use the absolute latest Brick:
# g = brickschema.Graph(load_brick_nightly=True)
# OR create from an existing model
# g = brickschema.Graph(load_brick=True).from_haystack(...)

# load in data files from your file system
g.load_file("mbuilding.ttl")
# ...or by URL (using rdflib)
g.parse("https://brickschema.org/ttl/soda_brick.ttl", format="ttl")

# perform reasoning on the graph (edits in-place)
g.expand(profile="owlrl")
g.expand(profile="tag") # infers Brick classes from Brick tags

# validate your Brick graph against built-in shapes (or add your own)
valid, _, resultsText = g.validate()
if not valid:
    print("Graph is not valid!")
    print(resultsText)

# perform SPARQL queries on the graph
res = g.query("""SELECT ?afs ?afsp ?vav WHERE  {
    ?afs    a       brick:Air_Flow_Sensor .
    ?afsp   a       brick:Air_Flow_Setpoint .
    ?afs    brick:isPointOf ?vav .
    ?afsp   brick:isPointOf ?vav .
    ?vav    a   brick:VAV
}""")
for row in res:
    print(row)

# start a blocking web server with an interface for performing
# reasoning + querying functions
g.serve("localhost:8080")
# now visit in http://localhost:8080






Installation

The brickschema package requires Python >= 3.6. It can be installed with pip:

pip install brickschema
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Quick Feature Reference


Web Interface

brickschema incorporates a simple web server that makes it easy to apply inference and execute queries on Brick models. Call .serve() on a Graph object to start the webserver:

from brickschema import Graph
g = Graph(load_brick=True)
# load example Brick model
g.parse("https://brickschema.org/ttl/soda_brick.ttl")
g.serve("http://localhost:8080") # optional address argument





[image: _images/brickschema-web.png]


Brick Inference

Inference is the process of materializing all of the facts implied about a Brick model given the definitions in the Brick ontology. This process performs, among other things:


	
	adding in “inverse” edges:
	
	Example: for all brick:feeds, add the corresponding brick:isFedby










	
	annotating instances of classes with their Brick tags:
	
	Example: for all instances of brick:Air_Temperature_Sensor, add the mapped tags: tag:Air, tag:Temperature, tag:Sensor and tag:Point










	
	annotating instances of classes with their measured substances and quantities:
	
	Example: for all instances of brick:Air_Temperature_Sensor, associate the brick:Air substance and brick:Temperature quantity










	
	inferring which classes are implied by the available tags:
	
	Example: all entities with the tag:Air, tag:Temperature, tag:Sensor and tag:Point tags will be instantiated as members of the brick:Air_Temperature_Sensor class












The set of rules applied to the Brick model are defined formally here [https://www.w3.org/TR/owl2-profiles/#Reasoning_in_OWL_2_RL_and_RDF_Graphs_using_Rules].

To apply the default inference process to your Brick model, use the .expand() method on the Graph.

from brickschema import Graph
bldg = Graph(load_brick=True)
bldg.load_file('mybuilding.ttl')
print(f"Before: {len(bldg)} triples")
bldg.expand("owlrl")
print(f"After: {len(bldg)} triples")







Haystack Inference

Requires a JSON export of a Haystack model
First, export your Haystack model as JSON; we are using the public reference model carytown.json.
Then you can use this package as follows:

import json
from brickschema import Graph
model = json.load(open("haystack-export.json"))
g = Graph(load_brick=True).from_haystack("http://project-haystack.org/carytown#", model)
points = g.query("""SELECT ?point ?type WHERE {
    ?point rdf:type/rdfs:subClassOf* brick:Point .
    ?point rdf:type ?type
}""")
print(points)







SQL ORM

from brickschema.graph import Graph
from brickschema.namespaces import BRICK
from brickschema.orm import SQLORM, Location, Equipment, Point
# loads in default Brick ontology
g = Graph(load_brick=True)
# load in our model
g.load_file("test.ttl")
# put the ORM in a SQLite database file called "brick_test.db"
orm = SQLORM(g, connection_string="sqlite:///brick_test.db")
# get the points for each equipment
for equip in orm.session.query(Equipment):
    print(f"Equpiment {equip.name} is a {equip.type} with {len(equip.points)} points")
    for point in equip.points:
        print(f"    Point {point.name} has type {point.type}")
# filter for a given name or type
hvac_zones = orm.session.query(Location)\
                        .filter(Location.type==BRICK.HVAC_Zone)\
                        .all()
print(f"Model has {len(hvac_zones)} HVAC Zones")









          

      

      

    

  

    
      
          
            
  
Inference

brickschema makes it easier to employ reasoning on your graphs. Simply call the expand method on the Graph object with one of the following profiles:


	"rdfs": RDFS reasoning


	"owlrl": OWL-RL reasoning (using 1 of 3 implementations below)


	"vbis": add VBIS tags to Brick entities


	"shacl": perform advanced SHACL reasoning




By default, expand will simplify the graph. Simplification is the process by which axiomatic, redundant or other “stray” triples are removed from the graph that may be added by a reasoner. This includes items like the following:
- triples that assert an entity to be an instance of owl:Thing or owl:Nothing
- triples that assert an entity to be a blank node
- triples that assert an entity to be the same as itself

To turn simplification off, simply add simplify=False when calling expand.

from brickschema import Graph

g = Graph(load_brick=True)
g.load_file("test.ttl")
g.expand(profile="owlrl")
print(f"Inferred graph has {len(g)} triples")





Brickschema also supports inference “schedules”, where different inference regimes can be applied to a graph one after another. Specify a schedule by using + to join the profiles in the call to expand.

from brickschema import Graph

g = Graph(load_brick=True)
g.load_file("test.ttl")
# apply owlrl, shacl, vbis, then shacl again
g.expand(profile="owlrl+shacl+vbis+shacl")
print(f"Inferred graph has {len(g)} triples")





The package will automatically use the fastest available reasoning implementation for your system:


	reasonable (fastest, Linux-only for now): pip install brickschema[reasonable]


	Allegro (next-fastest, requires Docker): pip install brickschema[allegro]


	OWLRL (default, native Python implementation): pip install brickschema




To use a specific reasoner, specify "reasonable", "allegrograph" or "owlrl" as the value for the backend argument to graph.expand.




          

      

      

    

  

    
      
          
            
  
Validate

The module utilizes the pySHACL [https://github.com/RDFLib/pySHACL] package to validate a building ontology against the Brick Schema, its default constraints (shapes) and user provided shapes.

Please read Shapes Contraint Language (SHACL) [https://www.w3.org/TR/shacl]
to see how it is used to validate RDF graphs against a set of constraints.


Example

from brickschema import Graph

g = Graph(load_brick=True)
g.load_file('myBuilding.ttl')
valid, _, report = g.validate()
print(f"Graph is valid? {valid}")
if not valid:
  print(report)

# validating using externally-defined shapes
external = Graph()
external.load_file("other_shapes.ttl")
valid, _, report = g.validate(shape_graphs=[external])
print(f"Graph is valid? {valid}")
if not valid:
  print(report)







Sample default shapes (in BrickShape.ttl)

# brick:hasLocation's object must be of brick:Location type
bsh:hasLocationRangeShape a sh:NodeShape ;
    sh:property [ sh:class brick:Location ;
        sh:message "Property hasLocation has object with incorrect type" ;
        sh:path brick:hasLocation ] ;
    sh:targetSubjectsOf brick:hasLocation .

# brick:isLocationOf's subject must be of brick:Location type
bsh:isLocationOfDomainShape a sh:NodeShape ;
    sh:class brick:Location ;
    sh:message "Property isLocationOf has subject with incorrect type" ;
    sh:targetSubjectsOf brick:isLocationOf .









          

      

      

    

  

    
      
          
            
  
Extensions and Alignments

The module makes it simple to list and load in extensions to the Brick schema, in addition to the alignments between Brick and other ontologies. These extensions are distributed as Turtle files on the Brick GitHub repository [https://github.com/BrickSchema/Brick/], but they are also pre-loaded into the brickschema module.


Listing and Loading Extensions

Extensions provide additional class definitions, rules and other augmentations to the Brick ontology.

from brickschema import Graph

g = Graph()
# returns a list of extensions
g.get_extensions()
# => ['shacl_tag_inference']

# loads the contents of the extension into the graph
g.load_extension('shacl_tag_inference')
# with this particular extension, you can now infer Brick
# classes from the tags associated with entities
g.expand("shacl")







Listing and Loading Alignments

Alignments define the nature of Brick’s relationship to other RDF-based ontologies. For example, the Building Topology Ontology defines several location classes that are similar to Brick’s; the alignment between BOT and Brick allows graphs defined in one language to be understood in the other.

Several Brick alignments are packaged with the brickschema module. These can be listed and dynamically loaded into a graph

from brickschema import Graph

g = Graph()
# returns a list of alignments
g.get_alignments()
# => ['VBIS', 'REC', 'BOT']

# loads the contents of the alignment file into the graph
g.load_alignment('BOT')
# good idea to run a reasoner after loading in the extension
# so that the implied information is filled out
g.expand("owlrl")









          

      

      

    

  

    
      
          
            
  
Brick ORM

Currently, the ORM models Locations, Points and Equipment and the
basic relationships between them.

Please see the SQLAlchemy docs [https://docs.sqlalchemy.org/en/13/] for detailed information on how to interact with the ORM. use the
orm.session instance variable to interact with the ORM connection.

See querying docs [https://docs.sqlalchemy.org/en/13/orm/tutorial.html#querying] for how to use the SQLalchemy querying mechanisms


Example

from brickschema.graph import Graph
from brickschema.namespaces import BRICK
from brickschema.orm import SQLORM, Location, Equipment, Point
# loads in default Brick ontology
g = Graph(load_brick=True)
# load in our model
g.load_file("test.ttl")
# put the ORM in a SQLite database file called "brick_test.db"
orm = SQLORM(g, connection_string="sqlite:///brick_test.db")
# get the points for each equipment
for equip in orm.session.query(Equipment):
    print(f"Equpiment {equip.name} is a {equip.type} with {len(equip.points)} points")
    for point in equip.points:
        print(f"    Point {point.name} has type {point.type}")
# filter for a given name or type
hvac_zones = orm.session.query(Location)\
                        .filter(Location.type==BRICK.HVAC_Zone)\
                        .all()
print(f"Model has {len(hvac_zones)} HVAC Zones")









          

      

      

    

  

    
      
          
            
  
brick_validate Command

The brick_validate command is similar to the pyshacl [https://github.com/RDFLib/pySHACL] command with simplied command
line arguments to validate a building ontology against the Brick Schema and
Shapes Contraint Language (SHACL) [https://www.w3.org/TR/shacl] contraints made for it.

When the validation results show contraint violations, the brick_validate command provides
extra information associated with the violations in addition to the violation report by pyshacl.  The extra infomation may be the offending triple or violation hint.

If no extra information is given for a reported violation,
it means there is no appropriate handler for the perticular violation yet.
If you think extra info is needed for the particular case,
please open an issue with the brickschema [https://github.com/BrickSchema/py-brickschema/issues] module.


Example

# validate a building against the default shapes and extra shapes created by the uer
brick_validate myBuilding.ttl -s extraShapes.ttl







Sample output

Constraint violation:
[] a sh:ValidationResult ;
    sh:focusNode bldg:VAV2-3 ;
    sh:resultMessage "Must have at least 1 hasPoint property" ;
    sh:resultPath brick:hasPoint ;
    sh:resultSeverity sh:Violation ;
    sh:sourceConstraintComponent sh:MinCountConstraintComponent ;
    sh:sourceShape [ sh:message "Must have at least 1 hasPoint property" ;
         sh:minCount 1 ;
         sh:path brick:hasPoint ] .
 Violation hint (subject predicate cause):
 bldg:VAV2-3 brick:hasPoint "sh:minCount 1" .

 Constraint violation:
 [] a sh:ValidationResult ;
     sh:focusNode bldg:VAV2-4.DPR ;
     sh:resultMessage "Property hasPoint has object with incorrect type" ;
     sh:resultPath brick:hasPoint ;
     sh:resultSeverity sh:Violation ;
     sh:sourceConstraintComponent sh:ClassConstraintComponent ;
     sh:sourceShape [ sh:class brick:Point ;
          sh:message "Property hasPoint has object with incorrect type" ;
          sh:path brick:hasPoint ] ;
 sh:value bldg:Room-410 .
 Offending triple:
 bldg:VAV2-4.DPR brick:hasPoint bldg:Room-410 .









          

      

      

    

  

    
      
          
            
  
brickschema package


Subpackages






Submodules



brickschema.graph module

The graph module provides a wrapper class + convenience methods for
building and querying a Brick graph


	
class brickschema.graph.Graph(*args, load_brick=False, load_brick_nightly=False, brick_version='1.2', **kwargs)

	Bases: rdflib.graph.Graph


	
add(*triples)

	Adds triples to the graph. Triples should be 3-tuples of rdflib.Nodes

If the last item of a triple is a list/tuple of length-2 lists/tuples,
then this method will substitute a blank node as the object of the original
triple, add the new triples, and add as many triples as length-2 items in the
list with the blank node as the subject and the item[0] and item[1] as the predicate
and object, respectively.

For example, calling add((X, Y, [(A,B), (C,D)])) produces the following triples:


X Y _b1 .
_b1 A B .
_b1 C D .




or, in turtle:



	X Y [
	A B ;
C D ;





] .









	
expand(profile=None, backend=None, simplify=True)

	Expands the current graph with the inferred triples under the given entailment regime
and with the given backend. Possible profiles are:
- ‘rdfs’: runs RDFS rules
- ‘owlrl’: runs full OWLRL reasoning
- ‘vbis’: adds VBIS tags
- ‘shacl’: does SHACL-AF reasoning (including tag inference, if the extension is loaded)

Possible backends are:
- ‘reasonable’: default, fastest backend
- ‘allegrograph’: uses Docker to interface with allegrograph
- ‘owlrl’: native-Python implementation

Not all backend work with all profiles. In that case, brickschema will use the fastest appropriate
backend in order to perform the requested inference.

To perform more than one kind of inference in sequence, use ‘+’ to join the profiles:


import brickschema
g = brickschema.Graph()
g.expand(profile=’rdfs+shacl’) # performs RDFS inference, then SHACL-AF inference
g.expand(profile=’shacl+rdfs’) # performs SHACL-AF inference, then RDFS inference




# TODO: currently nothing is cached between expansions






	
from_haystack(namespace, model)

	Adds to the graph the Brick triples inferred from the given Haystack model.
The model should be a Python dictionary produced from the Haystack JSON export


	Parameters

	model (dict) – a Haystack model










	
from_triples(triples)

	Creates a graph from the given list of triples


	Parameters

	triples (list of rdflib.Node) – triples to add to the graph










	
get_alignments()

	Returns a list of Brick alignments

This currently just lists the alignments already loaded into brickschema,
but may in the future pull a list of alignments off of an online resolver






	
get_extensions()

	Returns a list of Brick extensions

This currently just lists the extensions already loaded into brickschema,
but may in the future pull a list of extensions off of an online resolver






	
get_most_specific_class(classlist)

	Given a list of classes (rdflib.URIRefs), return the ‘most specific’ classes
This is a subset of the provided list, containing classes that are not subclasses
of anything else in the list. Uses the class definitions in the graph to perform
this task


	Parameters

	classlist (list of rdflib.URIRef) – list of classes



	Returns

	list of specific classes



	Return type

	classlist (list of rdflib.URIRef)










	
load_alignment(alignment_name)

	Loads the given alignment into the current graph by name.
Use get_alignments() to get a list of alignments






	
load_extension(extension_name)

	Loads the given extension into the current graph by name.
Use get_extensions() to get a list of extensions






	
load_file(filename=None, source=None)

	Imports the triples contained in the indicated file into the graph


	Parameters

	
	filename (str) – relative or absolute path to the file


	source (file) – file-like object













	
property nodes

	Returns all nodes in the graph


	Returns

	nodes in the graph



	Return type

	nodes (list of rdflib.URIRef)










	
rebuild_tag_lookup(brick_file=None)

	Rebuilds the internal tag lookup dictionary used for Brick tag->class inference.
This is broken out as its own method because it is potentially an expensive operation.






	
serve(address='127.0.0.1:8080')

	Start web server offering SPARQL queries and 1-click reasoning capabilities


	Parameters

	address (str) – <host>:<port> of the web server










	
simplify()

	Removes redundant and axiomatic triples and other detritus that is produced as a side effect of reasoning.
Simplification consists of the following steps:
- remove all “a owl:Thing”, “a owl:Nothing” triples
- remove all “a <blank node” triples
- remove all “X owl:sameAs Y” triples






	
validate(shape_graphs=None, default_brick_shapes=True)

	Validates the graph using the shapes embedded w/n the graph. Optionally loads in normative Brick shapes
and externally defined shapes


	Parameters

	
	shape_graphs (list of rdflib.Graph or brickschema.graph.Graph) – merges these graphs and includes them in
the validation


	default_brick_shapes (bool) – if True, loads in the default Brick shapes packaged with brickschema






	Returns

	(conforms, resultsGraph, resultsText) from pyshacl















brickschema.inference module


	
class brickschema.inference.HaystackInferenceSession(namespace)

	Bases: brickschema.inference.TagInferenceSession

Wraps TagInferenceSession to provide inference of a Brick model
from a Haystack model. The haystack model is expected to be encoded
as a dictionary with the keys “cols” and “rows”; I believe this is
a standard Haystack JSON export.


	
infer_entity(tagset, identifier=None, equip_ref=None)

	Produces the Brick triples representing the given Haystack tag set


	Parameters

	
	tagset (list of str) – a list of tags representing a Haystack entity


	equip_ref (str) – reference to an equipment if one exists






	Keyword Arguments

	
	identifier (str) – if provided, use this identifier for the entity,


	generate a random string. (otherwise,) – 













	
infer_model(model)

	Produces the inferred Brick model from the given Haystack model
:param model: a Haystack model
:type model: dict


	Returns

	
	a Graph object containing the
	inferred triples in addition to the regular graph









	Return type

	graph (brickschema.graph.Graph)














	
class brickschema.inference.OWLRLAllegroInferenceSession

	Bases: object

Provides methods and an inferface for producing the deductive closure
of a graph under OWL-RL semantics. WARNING this may take a long time

Uses the Allegrograph reasoning implementation


	
expand(graph)

	Applies OWLRL reasoning from the Python owlrl library to the graph


	Parameters

	graph (brickschema.graph.Graph) – a Graph object containing triples














	
class brickschema.inference.OWLRLNaiveInferenceSession

	Bases: object

Provides methods and an inferface for producing the deductive closure
of a graph under OWL-RL semantics. WARNING this may take a long time


	
expand(graph)

	Applies OWLRL reasoning from the Python owlrl library to the graph


	Parameters

	graph (brickschema.graph.Graph) – a Graph object containing triples














	
class brickschema.inference.OWLRLReasonableInferenceSession

	Bases: object

Provides methods and an inferface for producing the deductive closure
of a graph under OWL-RL semantics. WARNING this may take a long time


	
expand(graph)

	Applies OWLRL reasoning from the Python reasonable library to the graph


	Parameters

	graph (brickschema.graph.Graph) – a Graph object containing triples














	
class brickschema.inference.TagInferenceSession(load_brick=True, brick_version='1.2', rebuild_tag_lookup=False, approximate=False, brick_file=None)

	Bases: object

Provides methods and an interface for inferring Brick classes from
sets of Brick tags. If you want to work with non-Brick tags, you
will need to use a wrapper class (see HaystackInferenceSession)


	
expand(graph)

	Infers the Brick class for entities with tags; tags are indicated
by the brick:hasTag relationship.
:param graph: a Graph object containing triples
:type graph: brickschema.graph.Graph






	
lookup_tagset(tagset)

	Returns the Brick classes and tagsets that are supersets OR
subsets of the given tagsets


	Parameters

	tagset (list of str) – a list of tags










	
most_likely_tagsets(orig_s, num=-1)

	Returns the list of likely classes for a given set of tags,
as well as the list of tags that were ‘leftover’, i.e. not
used in the inference of a class


	Parameters

	
	tagset (list of str) – a list of tags


	num (int) – number of likely tagsets to be returned; -1 returns all






	Returns

	a 2-element tuple containing (1)
most_likely_classes (list of str): list of Brick classes
and (2) leftover (set of str): list of tags not used



	Return type

	results (tuple)














	
class brickschema.inference.VBISTagInferenceSession(alignment_file=None, master_list_file=None, brick_version='1.2')

	Bases: object

Add appropriate VBIS tag annotations to the entities inside the provided Brick model

Algorithm:
- get all Equipment entities in the Brick model (VBIs currently only deals w/ equip)


	Parameters

	
	alignment_file (str) – use the given Brick/VBIS alignment file. Defaults to a
pre-packaged version.


	master_list_file (str) – use the given VBIS tag master list. Defaults to a
pre-packaged version.


	brick_version (string) – the MAJOR.MINOR version of the Brick ontology
to load into the graph. Only takes effect for the load_brick argument






	Returns

	A VBISTagInferenceSession object






	
expand(graph)

	
	Parameters

	graph (brickschema.graph.Graph) – a Graph object containing triples










	
lookup_brick_class(vbistag)

	Returns all Brick classes that are appropriate for the given VBIS tag


	Parameters

	vbistag (str) – the VBIS tag  that we want to retrieve Brick classes for. Pattern search
is not supported yet



	Returns

	list of the Brick classes that match the VBIS tag



	Return type

	brick_classes (list of rdflib.URIRef)















brickschema.namespaces module

The namespaces module provides pointers to standard Brick namespaces
and related ontology namespaces
wrapper class and convenience methods for a Brick graph


	
brickschema.namespaces.bind_prefixes(graph, brick_version='1.2')

	Associate common prefixes with the graph







brickschema.orm module

ORM for Brick


	
class brickschema.orm.Equipment(**kwargs)

	Bases: sqlalchemy.orm.decl_api.Base

SQLAlchemy ORM class for BRICK.Equipment; see SQLORM class for usage


	
location

	




	
location_id

	




	
name

	




	
points

	




	
type

	








	
class brickschema.orm.Location(**kwargs)

	Bases: sqlalchemy.orm.decl_api.Base

SQLAlchemy ORM class for BRICK.Location; see SQLORM class for usage


	
equipment

	




	
name

	




	
points

	




	
type

	








	
class brickschema.orm.Point(**kwargs)

	Bases: sqlalchemy.orm.decl_api.Base

SQLAlchemy ORM class for BRICK.Point; see SQLORM class for usage


	
equipment

	




	
equipment_id

	




	
location

	




	
location_id

	




	
name

	




	
type

	








	
class brickschema.orm.SQLORM(graph, connection_string='sqlite://brick_orm.db')

	Bases: object

A SQLAlchemy-based ORM for Brick models.

Currently, the ORM models Locations, Points and Equipment and the
basic relationships between them.







brickschema.tagmap module


	
brickschema.tagmap.tagmap = {'active': ['real'], 'ahu': ['AHU'], 'airhandlingequip': ['AHU'], 'airterminalunit': ['terminal', 'unit'], 'apparent': ['power'], 'atmospheric': ['pressure'], 'avg': ['average'], 'barometric': ['pressure'], 'chillermechanismtype': ['chiller'], 'cmd': ['command'], 'co': ['CO'], 'co2': ['CO2'], 'condenserlooptype': ['condenser'], 'cooling': ['cool'], 'coolingcoil': ['cool', 'coil', 'equip'], 'coolingonly': ['cool'], 'coolingtower': ['cool', 'tower', 'equip'], 'delta': ['differential'], 'device': ['equip'], 'economizing': ['economizer'], 'elec': ['electrical'], 'elecheat': ['heat'], 'equip': ['equipment'], 'evaporator': ['evaporative'], 'fcu': ['FCU'], 'freq': ['frequency'], 'fueloil': ['fuel', 'oil'], 'fueloilheating': ['heat'], 'fumehood': ['fume', 'hood'], 'heatexchanger': ['heat', 'exchanger', 'equip'], 'heating': ['heat'], 'heatingcoil': ['heat', 'coil', 'equip'], 'heatpump': ['heat', 'exchanger', 'equip'], 'heatwheel': ['heat', 'wheel'], 'hvac': ['HVAC'], 'lighting': ['lighting', 'equip'], 'lights': ['lighting'], 'lightsgroup': ['lighting'], 'luminous': ['luminance'], 'meterscopetype': ['meter', 'equip'], 'mixing': ['mixed'], 'naturalgas': ['natural', 'gas'], 'occ': ['occupied'], 'precipitation': ['rain'], 'roof': ['rooftop'], 'rooftop': ['rooftop'], 'rotaryscrew': ['compressor'], 'rtu': ['RTU'], 'sitemeter': ['meter', 'equip'], 'sp': ['setpoint'], 'state': ['status'], 'steamheating': ['heat'], 'submeter': ['meter', 'equip'], 'temp': ['temperature'], 'unocc': ['unoccupied'], 'variableairvolume': ['vav'], 'vav': ['VAV'], 'volt': ['voltage']}

	# get values for:

ahuZoneDeliveryType AHU
airCooling Air
airVolumeAdjustabilityType Air
chilledBeam Chilled
chilledBeamZone Chilled
chilledWaterCooling Chilled
chillerMechanismType Chiller
condenserClosedLoop Condenser
condenserCooling Condenser
condenserLoopType Condenser
condenserOpenLoop Condenser
diverting Direction







brickschema.validate module

The validate module implements a wrapper of pySHACL [https://github.com/RDFLib/pySHACL] to
validate an ontology graph against the default Brick Schema constraints (called shapes) and user-defined shapes.


	
class brickschema.validate.Validator(useBrickSchema=True, useDefaultShapes=True, brick_version='1.2')

	Bases: object

Validates a data graph against Brick Schema and basic SHACL constraints for Brick.  Allows extra
constraints specific to the user’s ontology.


	
class Result(conforms, violationGraphs, textOutput)

	Bases: object

The type of returned object by validate() method






	
validate(data_graph, shacl_graphs=[], ont_graphs=[], inference='rdfs', abort_on_error=False, advanced=True, meta_shacl=True, debug=False)

	Validates data_graph against shacl_graph and ont_graph.


	Parameters

	
	shacl_graphs – extra shape graphs in additon to BrickShape.ttl


	ont_graphs – extra ontology graphs in addtion to Brick.ttl






	Returns

	object of Result class (conforms, violationGraphs, textOutput)















brickschema.web module

Brickschema web module. This embeds a Flask webserver which provides a local web server with:
- SPARQL interpreter + query result visualization
- buttons to perform inference

TODO:
- implement https://www.w3.org/TR/sparql11-protocol/ on /query


	
class brickschema.web.Server(graph)

	Bases: object


	
apply_reasoning(profile)

	




	
home()

	




	
query()

	




	
start(address='localhost:8080')

	









Module contents

Python package brickschema provides a set of tools, utilities and interfaces
for working with, developing and interacting with Brick models.
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  Source code for brickschema.graph

"""
The `graph` module provides a wrapper class + convenience methods for
building and querying a Brick graph
"""
import io
import os
import sys
import glob
import functools
import pkgutil
import rdflib
import owlrl
import pyshacl
import logging
from .inference import (
    OWLRLNaiveInferenceSession,
    OWLRLReasonableInferenceSession,
    OWLRLAllegroInferenceSession,
    TagInferenceSession,
    HaystackInferenceSession,
    VBISTagInferenceSession,
)
from . import namespaces as ns
from . import web

logger = logging.getLogger(__name__)
logger.setLevel(logging.INFO)


[docs]class Graph(rdflib.Graph):
    def __init__(
        self,
        *args,
        load_brick=False,
        load_brick_nightly=False,
        brick_version="1.2",
        **kwargs,
    ):
        """Wrapper class and convenience methods for handling Brick models
        and graphs. Accepts the same arguments as RDFlib.Graph

        Args:
            load_brick (bool): if True, loads packaged Brick ontology
                into graph
            load_brick_nightly (bool): if True, loads latest nightly Brick build
                into graph (requires internet connection)
            brick_version (string): the MAJOR.MINOR version of the Brick ontology
                to load into the graph. Only takes effect for the load_brick argument

        Returns:
            A Graph object
        """
        super().__init__(*args, **kwargs)
        ns.bind_prefixes(self, brick_version=brick_version)
        self._brick_version = brick_version

        if load_brick_nightly:
            self.parse(
                "https://github.com/BrickSchema/Brick/releases/download/nightly/Brick.ttl",
                format="turtle",
            )
        elif load_brick:
            # get ontology data from package
            data = pkgutil.get_data(
                __name__, f"ontologies/{brick_version}/Brick.ttl"
            ).decode()
            # wrap in StringIO to make it file-like
            self.parse(source=io.StringIO(data), format="turtle")

        self._tagbackend = None

[docs]    def load_file(self, filename=None, source=None):
        """
        Imports the triples contained in the indicated file into the graph

        Args:
            filename (str): relative or absolute path to the file
            source (file): file-like object
        """
        if filename is not None:
            self.parse(filename, format=rdflib.util.guess_format(filename))
        elif source is not None:
            for fmt in ["ttl", "n3", "xml"]:
                try:
                    self.parse(source=source, format=fmt)
                    return
                except Exception as e:
                    print(f"could not load {filename} as {fmt}: {e}")
            raise Exception(f"unknown file format for {filename}")
        else:
            raise Exception(
                "Must provide either a filename or file-like\
source to load_file"
            )
        return self


[docs]    def add(self, *triples):
        """
        Adds triples to the graph. Triples should be 3-tuples of rdflib.Nodes

        If the last item of a triple is a list/tuple of length-2 lists/tuples,
        then this method will substitute a blank node as the object of the original
        triple, add the new triples, and add as many triples as length-2 items in the
        list with the blank node as the subject and the item[0] and item[1] as the predicate
        and object, respectively.

        For example, calling add((X, Y, [(A,B), (C,D)])) produces the following triples:

            X Y _b1 .
            _b1 A B .
            _b1 C D .

        or, in turtle:

            X Y [
              A B ;
              C D ;
            ] .
        """
        for triple in triples:
            assert len(triple) == 3
            obj = triple[2]
            if isinstance(obj, (list, tuple)):
                for suffix in obj:
                    assert len(suffix) == 2
                bnode = rdflib.BNode()
                self.add((triple[0], triple[1], bnode))
                for (nested_pred, nested_obj) in obj:
                    self.add((bnode, nested_pred, nested_obj))
            else:
                super().add(triple)


    @property
    def nodes(self):
        """
        Returns all nodes in the graph

        Returns:
            nodes (list of rdflib.URIRef): nodes in the graph
        """
        return self.all_nodes()

[docs]    def rebuild_tag_lookup(self, brick_file=None):
        """
        Rebuilds the internal tag lookup dictionary used for Brick tag->class inference.
        This is broken out as its own method because it is potentially an expensive operation.
        """
        self._tagbackend = TagInferenceSession(
            rebuild_tag_lookup=True, brick_file=brick_file, approximate=False
        )


[docs]    def get_most_specific_class(self, classlist):
        """
        Given a list of classes (rdflib.URIRefs), return the 'most specific' classes
        This is a subset of the provided list, containing classes that are not subclasses
        of anything else in the list. Uses the class definitions in the graph to perform
        this task

        Args:
            classlist (list of rdflib.URIRef): list of classes

        Returns:
            classlist (list of rdflib.URIRef): list of specific classes
        """

        specific = []
        for c in classlist:
            # get subclasses of this class
            subc = set(
                [
                    r[0]
                    for r in self.query(
                        f"SELECT ?sc WHERE {{ ?sc rdfs:subClassOf+ <{c}> }}"
                    )
                ]
            )
            equiv = set(
                [
                    r[0]
                    for r in self.query(
                        f"SELECT ?eq WHERE {{ {{?eq owl:equivalentClass <{c}>}} UNION {{ <{c}> owl:equivalentClass ?eq }} }}"
                    )
                ]
            )
            if len(subc) == 0:
                # this class has no subclasses and is thus specific
                specific.append(c)
                continue
            subc.difference_update(equiv)
            overlap = len(subc.intersection(set(classlist)))
            if overlap > 0:
                continue
            specific.append(c)
        return specific


[docs]    def simplify(self):
        """
        Removes redundant and axiomatic triples and other detritus that is produced as a side effect of reasoning.
        Simplification consists of the following steps:
        - remove all "a owl:Thing", "a owl:Nothing" triples
        - remove all "a <blank node" triples
        - remove all "X owl:sameAs Y" triples
        """
        for entity, etype in self.subject_objects(ns.RDF.type):
            if etype in [ns.OWL.Thing, ns.OWL.Nothing]:
                self.remove((entity, ns.A, etype))
            elif isinstance(etype, rdflib.BNode):
                self.remove((entity, ns.A, etype))

        for a, b in self.subject_objects(ns.OWL.sameAs):
            if a == b:
                self.remove((a, ns.OWL.sameAs, b))


[docs]    def expand(self, profile=None, backend=None, simplify=True):
        """
        Expands the current graph with the inferred triples under the given entailment regime
        and with the given backend. Possible profiles are:
        - 'rdfs': runs RDFS rules
        - 'owlrl': runs full OWLRL reasoning
        - 'vbis': adds VBIS tags
        - 'shacl': does SHACL-AF reasoning (including tag inference, if the extension is loaded)

        Possible backends are:
        - 'reasonable': default, fastest backend
        - 'allegrograph': uses Docker to interface with allegrograph
        - 'owlrl': native-Python implementation

        Not all backend work with all profiles. In that case, brickschema will use the fastest appropriate
        backend in order to perform the requested inference.

        To perform more than one kind of inference in sequence, use '+' to join the profiles:

            import brickschema
            g = brickschema.Graph()
            g.expand(profile='rdfs+shacl') # performs RDFS inference, then SHACL-AF inference
            g.expand(profile='shacl+rdfs') # performs SHACL-AF inference, then RDFS inference


        # TODO: currently nothing is cached between expansions
        """

        if "+" in profile:
            for prf in profile.split("+"):
                self.expand(prf, backend=backend, simplify=simplify)
            return

        if profile == "brick":
            return self.expand("owlrl+shacl+owlrl", backend=backend, simplify=simplify)
        elif profile == "rdfs":
            owlrl.DeductiveClosure(owlrl.RDFS_Semantics).expand(self)
            return
        elif profile == "shacl":
            pyshacl.validate(self, advanced=True, abort_on_error=False)
            return self
        elif profile == "owlrl":
            self._inferbackend = OWLRLNaiveInferenceSession()
            try:
                if backend is None or backend == "reasonable":
                    self._inferbackend = OWLRLReasonableInferenceSession()
                    backend = "reasonable"
            except ImportError:
                logger.info("Could not load Reasonable reasoner")
                self._inferbackend = OWLRLNaiveInferenceSession()

            try:
                if backend is None or backend == "allegrograph":
                    self._inferbackend = OWLRLAllegroInferenceSession()
                    backend = "allegrograph"
            except (ImportError, ConnectionError):
                logger.info("Could not load Allegro reasoner")
                self._inferbackend = OWLRLNaiveInferenceSession()
        elif profile == "vbis":
            self._inferbackend = VBISTagInferenceSession(
                brick_version=self._brick_version
            )
        else:
            raise Exception(f"Invalid profile '{profile}'")
        self._inferbackend.expand(self)

        if simplify:
            self.simplify()
        return self


[docs]    def from_haystack(self, namespace, model):
        """
        Adds to the graph the Brick triples inferred from the given Haystack model.
        The model should be a Python dictionary produced from the Haystack JSON export

        Args:
            model (dict): a Haystack model
        """
        sess = HaystackInferenceSession(namespace)
        self.add(*sess.infer_model(model))
        return self


[docs]    def from_triples(self, triples):
        """
        Creates a graph from the given list of triples

        Args:
            triples (list of rdflib.Node): triples to add to the graph
        """
        self.add(*triples)
        return self


[docs]    def get_alignments(self):
        """
        Returns a list of Brick alignments

        This currently just lists the alignments already loaded into brickschema,
        but may in the future pull a list of alignments off of an online resolver
        """
        d = os.path.dirname(sys.modules[__name__].__file__)
        alignment_path = os.path.join(
            d, "ontologies", self._brick_version, "alignments"
        )
        alignments = glob.glob(os.path.join(alignment_path, "*.ttl"))
        return [
            os.path.basename(x)[len("Brick-") : -len("-alignment.ttl")]
            for x in alignments
        ]


[docs]    def load_alignment(self, alignment_name):
        """
        Loads the given alignment into the current graph by name.
        Use get_alignments() to get a list of alignments
        """
        alignment_name = f"Brick-{alignment_name}-alignment.ttl"
        alignment_path = os.path.join(
            "ontologies", self._brick_version, "alignments", alignment_name
        )
        data = pkgutil.get_data(__name__, alignment_path).decode()
        # wrap in StringIO to make it file-like
        self.parse(source=io.StringIO(data), format="turtle")


[docs]    def get_extensions(self):
        """
        Returns a list of Brick extensions

        This currently just lists the extensions already loaded into brickschema,
        but may in the future pull a list of extensions off of an online resolver
        """
        d = os.path.dirname(sys.modules[__name__].__file__)
        extension_path = os.path.join(
            d, "ontologies", self._brick_version, "extensions"
        )
        extensions = glob.glob(os.path.join(extension_path, "*.ttl"))
        return [
            os.path.basename(x).strip(".ttl")[len("brick_extension_") :]
            for x in extensions
        ]


[docs]    def load_extension(self, extension_name):
        """
        Loads the given extension into the current graph by name.
        Use get_extensions() to get a list of extensions
        """
        extension_name = f"brick_extension_{extension_name}.ttl"
        extension_path = os.path.join(
            "ontologies", self._brick_version, "extensions", extension_name
        )
        data = pkgutil.get_data(__name__, extension_path).decode()
        # wrap in StringIO to make it file-like
        self.parse(source=io.StringIO(data), format="turtle")


[docs]    def validate(self, shape_graphs=None, default_brick_shapes=True):
        """
        Validates the graph using the shapes embedded w/n the graph. Optionally loads in normative Brick shapes
        and externally defined shapes

        Args:
          shape_graphs (list of rdflib.Graph or brickschema.graph.Graph): merges these graphs and includes them in
                the validation
          default_brick_shapes (bool): if True, loads in the default Brick shapes packaged with brickschema

        Returns:
          (conforms, resultsGraph, resultsText) from pyshacl
        """
        shapes = None
        if shape_graphs is not None and isinstance(shape_graphs, list):
            shapes = functools.reduce(lambda x, y: x + y, shape_graphs)
        return pyshacl.validate(self, shacl_graph=shapes)


[docs]    def serve(self, address="127.0.0.1:8080"):
        """
        Start web server offering SPARQL queries and 1-click reasoning capabilities

        Args:
          address (str): <host>:<port> of the web server
        """
        srv = web.Server(self)
        srv.start(address)






          

      

      

    

  

    
      
          
            
  Source code for brickschema.inference

import logging
import itertools
import csv
import re
import os
import pkgutil
import io
import pickle
from collections import defaultdict
from .namespaces import BRICK, A, RDFS
import rdflib
from .tagmap import tagmap
import owlrl
import tarfile


[docs]class OWLRLNaiveInferenceSession:
    """
    Provides methods and an inferface for producing the deductive closure
    of a graph under OWL-RL semantics. WARNING this may take a long time
    """

[docs]    def expand(self, graph):
        """
        Applies OWLRL reasoning from the Python owlrl library to the graph

        Args:
            graph (brickschema.graph.Graph): a Graph object containing triples
        """
        owlrl.DeductiveClosure(owlrl.OWLRL_Semantics).expand(graph)




[docs]class OWLRLReasonableInferenceSession:
    """
    Provides methods and an inferface for producing the deductive closure
    of a graph under OWL-RL semantics. WARNING this may take a long time
    """

    def __init__(self):
        """
        Creates a new OWLRL Inference session
        """
        try:
            from reasonable import PyReasoner
        except ImportError:
            raise ImportError(
                "'reasonable' package not found. Install\
support for the reasonable Reasoner with 'pip install brickschema[reasonable].\
Currently only works on Linux and MacOS"
            )
        self.r = PyReasoner()

[docs]    def expand(self, graph):
        """
        Applies OWLRL reasoning from the Python reasonable library to the graph

        Args:
            graph (brickschema.graph.Graph): a Graph object containing triples
        """
        self.r.from_graph(graph)
        triples = self.r.reason()
        graph.add(*triples)




[docs]class OWLRLAllegroInferenceSession:
    """
    Provides methods and an inferface for producing the deductive closure
    of a graph under OWL-RL semantics. WARNING this may take a long time

    Uses the Allegrograph reasoning implementation
    """

    def __init__(self):
        """
        Creates a new OWLRL Inference session backed by the Allegrograph
        reasoner (https://franz.com/agraph/support/documentation/current/materializer.html).
        Requires the docker package to work; recommended method of installing
        is to use the 'allegro' option with pip:
            pip install brickschema[allegro]
        """

        try:
            import docker
        except ImportError:
            raise ImportError(
                "'docker' package not found. Install support \
for Allegro with 'pip install brickschema[allegro]"
            )

        try:
            self._client = docker.from_env(version="auto")
        except Exception as e:
            logging.error(
                f"Could not connect to docker ({e}); defaulting to naive evaluation"
            )
            raise ConnectionError(e)

        containers = self._client.containers.list(all=True)
        print(f"Checking {len(containers)} containers")
        for c in containers:
            if c.name != "agraph":
                continue
            print("Allegro container has status", c.status)
            if c.status == "running":
                print("Killing running agraph")
                c.kill()
            print("Removing old agraph", c.status)
            c.remove(v=True)
            break

    def _setup_input(self, g):
        """
        Add our serialized graph to an in-memory tar file
        that we can send to Docker
        """
        g.serialize("input.ttl", format="turtle")
        tarbytes = io.BytesIO()
        tar = tarfile.open(name="out.tar", mode="w", fileobj=tarbytes)
        tar.add("input.ttl", arcname="input.ttl")
        tar.close()
        # seek to beginning so our file is not empty when docker sees it
        tarbytes.seek(0)
        return tarbytes

[docs]    def expand(self, graph):
        """
        Applies OWLRL reasoning from the Python owlrl library to the graph

        Args:
            graph (brickschema.graph.Graph): a Graph object containing triples
        """

        def check_error(res):
            exit_code, message = res
            if exit_code > 0:
                print(f"Non-zero exit code {exit_code} with message {message}")

        # setup connection to docker
        tar = self._setup_input(graph)
        # TODO: temporary name so we can have more than one running?
        agraph = self._client.containers.run(
            "franzinc/agraph:v7.1.0", name="agraph", detach=True, shm_size="1G"
        )
        if not agraph.put_archive("/tmp", tar):
            print("Could not add input.ttl to docker container")
        check_error(agraph.exec_run("chown -R agraph /tmp", user="root"))
        check_error(
            agraph.exec_run(
                "/agraph/bin/agraph-control --config /agraph/etc/agraph.cfg start",
                user="agraph",
            )
        )
        check_error(
            agraph.exec_run(
                "/agraph/bin/agload test \
/tmp/input.ttl",
                user="agraph",
            )
        )
        check_error(
            agraph.exec_run(
                "/agraph/bin/agmaterialize test \
--rule all",
                user="agraph",
            )
        )
        check_error(
            agraph.exec_run(
                "/agraph/bin/agexport -o turtle test\
 /tmp/output.ttl",
                user="agraph",
            )
        )
        bits, stat = agraph.get_archive("/tmp/output.ttl")
        with open("output.ttl.tar", "wb") as f:
            for chunk in bits:
                f.write(chunk)
        tar = tarfile.open("output.ttl.tar")
        tar.extractall()
        tar.close()

        agraph.stop()
        agraph.remove(v=True)
        graph.load_file("output.ttl")

        # cleanup
        os.remove("output.ttl")
        os.remove("output.ttl.tar")
        os.remove("input.ttl")




[docs]class VBISTagInferenceSession:
    """
    Add appropriate VBIS tag annotations to the entities inside the provided Brick model

    Algorithm:
    - get all Equipment entities in the Brick model (VBIs currently only deals w/ equip)

    Args:
        alignment_file (str): use the given Brick/VBIS alignment file. Defaults to a
                pre-packaged version.
        master_list_file (str): use the given VBIS tag master list. Defaults to a
                pre-packaged version.
        brick_version (string): the MAJOR.MINOR version of the Brick ontology
            to load into the graph. Only takes effect for the load_brick argument

    Returns:
        A VBISTagInferenceSession object
    """

    def __init__(self, alignment_file=None, master_list_file=None, brick_version="1.2"):
        self._alignment_file = alignment_file
        self._master_list_file = master_list_file

        from .graph import Graph

        self._graph = Graph()
        if self._alignment_file is None:
            self._graph.load_alignment("VBIS")
        else:
            self._graph.load_file(self._alignment_file)

        if self._master_list_file is None:
            data = pkgutil.get_data(
                __name__, f"ontologies/{brick_version}/vbis-masterlist.csv"
            ).decode()
            master_list_file = io.StringIO(data)
        else:
            master_list_file = open(self._master_list_file)

        # query the graph for all VBIS patterns that are linked to Brick classes
        # Build a lookup table from the results
        self._pattern2class = defaultdict(list)
        self._class2pattern = {}
        res = self._graph.query(
            """SELECT ?class ?vbispat WHERE {
            ?shape  a   sh:NodeShape .
            ?shape  sh:targetClass  ?class .
            { ?shape  sh:property/sh:pattern ?vbispat }
            UNION
            { ?shape  sh:or/rdf:rest*/rdf:first/sh:pattern ?vbispat }
        }"""
        )
        for row in res:
            brickclass, vbispattern = row
            self._pattern2class[vbispattern].append(brickclass)
            self._class2pattern[brickclass] = vbispattern

        # Build a lookup table of VBIS pattern -> VBIS tag. The VBIS patterns
        # used as keys are from the above lookup table, so they all correspond
        # to a Brick class
        self._pattern2vbistag = defaultdict(list)
        rdr = csv.DictReader(master_list_file)
        for row in rdr:
            for pattern in self._pattern2class.keys():
                if re.match(pattern, row["VBIS Tag"]):
                    self._pattern2vbistag[pattern].append(row["VBIS Tag"])
        master_list_file.close()

[docs]    def expand(self, graph):
        """
        Args:
            graph (brickschema.graph.Graph): a Graph object containing triples
        """

        ALIGN = rdflib.Namespace(
            f"https://brickschema.org/schema/{graph._brick_version}/Brick/alignments/vbis#"
        )
        graph += self._graph

        equip_and_shape = graph.query(
            """SELECT ?equip ?class ?shape WHERE {
             ?class rdfs:subClassOf* brick:Equipment .
             ?equip rdf:type ?class .
             ?shape sh:targetClass ?class .
        }"""
        )
        equips = set([row[0] for row in equip_and_shape])
        for equip in equips:
            rows = [row for row in equip_and_shape if row[0] == equip]
            classes = set([row[1] for row in rows])
            brickclass = self._filter_to_most_specific(graph, classes)
            applicable_vbis = self._pattern2vbistag[self._class2pattern[brickclass]]
            if len(applicable_vbis) == 1:
                graph.add((equip, ALIGN.hasVBISTag, rdflib.Literal(applicable_vbis[0])))
            elif len(applicable_vbis) > 1:
                common_pfx = _get_common_prefix(applicable_vbis)
                graph.add((equip, ALIGN.hasVBISTag, rdflib.Literal(common_pfx)))
            else:
                logging.info(f"No VBIS tags found for {equip} with type {brickclass}")


    def _filter_to_most_specific(self, graph, classlist):
        """
        Given a list of Brick classes (rdflib.URIRef), return the most specific one
        (the one that is not a superclass of the others)
        """
        candidates = {}
        for brickclass in classlist:
            sc_query = f"SELECT ?subclass WHERE {{ ?subclass rdfs:subClassOf+ <{brickclass}> }}"
            subclasses = set([x[0] for x in graph.query(sc_query)])
            # if there are NO subclasses of 'brickclass', then it is specific
            if len(subclasses) == 0:
                candidates[brickclass] = 0
                continue
            # 'subclasses' are the subclasses of 'brickclass'. If any of these appear in
            # 'classlist', then we know that 'brickclass' is not the most specific
            intersection = set(classlist).intersection(subclasses)
            if len(intersection) == 1 and brickclass in intersection:
                candidates[brickclass] = 1
            else:
                candidates[brickclass] = len(intersection)
        most_specific = None
        mincount = float("inf")
        for specific, score in candidates.items():
            if score < mincount:
                most_specific = specific
                mincount = score
        return most_specific

[docs]    def lookup_brick_class(self, vbistag):
        """
        Returns all Brick classes that are appropriate for the given VBIS tag

        Args:
            vbistag (str): the VBIS tag  that we want to retrieve Brick classes for. Pattern search
                is not supported yet
        Returns:
            brick_classes (list of rdflib.URIRef): list of the Brick classes that match the VBIS tag
        """
        if "*" in vbistag:
            raise Exception("Pattern search not supported in current release")
        classes = set()
        for pattern, brickclasses in self._pattern2class.items():
            if re.match(pattern, vbistag):
                classes.update(brickclasses)
        return list(classes)




[docs]class TagInferenceSession:
    """
    Provides methods and an interface for inferring Brick classes from
    sets of Brick tags. If you want to work with non-Brick tags, you
    will need to use a wrapper class (see HaystackInferenceSession)
    """

    def __init__(
        self,
        load_brick=True,
        brick_version="1.2",
        rebuild_tag_lookup=False,
        approximate=False,
        brick_file=None,
    ):
        """
        Creates new Tag Inference session
        Args:
            load_brick (bool): if True, load Brick ontology into the graph
            brick_version (string): the MAJOR.MINOR version of the Brick ontology
                to load into the graph. Only takes effect for the load_brick argument
            brick_file (str): path to a Brick ttl file to use; will replace
                the internal version of Brick if provided and will treat
                'load_brick' as False
            rebuild_tag_lookup (bool): if True, rebuild the dictionary
                used for performing the inference of tags -> classes.
                By default, uses the dictionary for the packaged Brick
                version
            approximate (bool): if True, considers a more permissive set of
                possibly related classes. If False, performs exact tag mapping
        """
        from .graph import Graph

        if brick_file is not None:
            self.g = Graph(load_brick=False)
            self.g.load_file(brick_file)
        else:
            self.g = Graph(load_brick=load_brick, brick_version=brick_version)
        self._approximate = approximate
        if rebuild_tag_lookup:
            self._make_tag_lookup()
        else:
            # get ontology data from package
            data = pkgutil.get_data(
                __name__, f"ontologies/{brick_version}/taglookup.pickle"
            )
            # TODO: move on from moving pickle to something more secure?
            self.lookup = pickle.loads(data)

    def _make_tag_lookup(self):
        """
        Builds taglookup dictionary. You shouldn't need to do this unless
        the taglookup dictionary is out of date
        """
        self.lookup = defaultdict(set)
        res = self.g.query(
            """SELECT ?class ?tag WHERE {
          ?class rdfs:subClassOf+ brick:Class.
          ?class brick:hasAssociatedTag ?tag .
          ?tag rdf:type brick:Tag
        }"""
        )
        class2tag = defaultdict(set)
        for (cname, tag) in res:
            cname = cname.split("#")[1]
            tag = tag.split("#")[1]
            class2tag[cname].add(tag)
        for cname, tagset in class2tag.items():
            self.lookup[tuple(sorted(tagset))].add(cname)
        pickle.dump(self.lookup, open("taglookup.pickle", "wb"))

    def _is_point(self, classname):
        return (
            len(
                self.g.query(
                    f"SELECT ?x WHERE {{ \
            brick:{classname} rdfs:subClassOf* brick:Point . \
            brick:{classname} a ?x }}"
                )
            )
            > 0
        )

    def _is_equip(self, classname):
        return (
            len(
                self.g.query(
                    f"SELECT ?x WHERE {{ \
            brick:{classname} rdfs:subClassOf* brick:Equipment . \
            brick:{classname} a ?x }}"
                )
            )
            > 0
        )

    def _translate_tags(self, tags):
        """"""
        output_tags = []
        for tag in tags:
            tag = tag.lower()
            if tag not in tagmap:
                output_tags.append(tag)
                continue
            output_tags.extend(tagmap[tag])
        return set(output_tags)

[docs]    def lookup_tagset(self, tagset):
        """
        Returns the Brick classes and tagsets that are supersets OR
        subsets of the given tagsets

        Args:
            tagset (list of str): a list of tags
        """
        s = set(map(_to_tag_case, tagset))
        if self._approximate:
            s.add("Point")
            withpoint = [
                (klass, set(tagset))
                for tagset, klass in self.lookup.items()
                if s.issuperset(set(tagset)) or s.issubset(set(tagset))
            ]
            s.remove("Point")
            s.add("Equipment")
            withequip = [
                (klass, set(tagset))
                for tagset, klass in self.lookup.items()
                if s.issuperset(set(tagset)) or s.issubset(set(tagset))
            ]
            s.remove("Equipment")
            s.add("Location")
            withlocation = [
                (klass, set(tagset))
                for tagset, klass in self.lookup.items()
                if s.issuperset(set(tagset)) or s.issubset(set(tagset))
            ]
            return withpoint + withequip + withlocation

        return [
            (klass, set(tagset))
            for tagset, klass in self.lookup.items()
            if s == set(tagset)
        ]


[docs]    def most_likely_tagsets(self, orig_s, num=-1):
        """
        Returns the list of likely classes for a given set of tags,
        as well as the list of tags that were 'leftover', i.e. not
        used in the inference of a class

        Args:
            tagset (list of str): a list of tags
            num (int): number of likely tagsets to be returned; -1 returns all

        Returns:
            results (tuple): a 2-element tuple containing (1)
            most_likely_classes (list of str): list of Brick classes
            and (2) leftover (set of str): list of tags not used

        """
        s = set(map(_to_tag_case, orig_s))
        tagsets = self.lookup_tagset(s)
        if len(tagsets) == 0:
            # no tags
            return [], orig_s
        # find the highest number of tags that overlap
        most_overlap = max(map(lambda x: len(s.intersection(x[1])), tagsets))

        # return the class with the fewest tags >= the overlap size
        candidates = list(
            filter(lambda x: len(s.intersection(x[1])) == most_overlap, tagsets)
        )

        # When calculating the minimum difference, we calculate it form the
        # perspective of the candidate tagsets because they will have more tags
        # We want to find the tag set(s) who has the fewest tags over what was
        # provided
        min_difference = min(map(lambda x: len(x[1].difference(s)), candidates))
        most_likely = list(
            filter(lambda x: len(x[1].difference(s)) == min_difference, candidates)
        )

        leftover = s.difference(most_likely[0][1])
        most_likely_classes = list(set([list(x[0])[0] for x in most_likely]))
        # return most likely classes (list) and leftover tags
        # (what of 'orig_s' wasn't used)
        if num < 0:
            return most_likely_classes, leftover
        else:
            return most_likely_classes[:num], leftover


[docs]    def expand(self, graph):
        """
        Infers the Brick class for entities with tags; tags are indicated
        by the `brick:hasTag` relationship.
        Args:
            graph (brickschema.graph.Graph): a Graph object containing triples
        """
        for triple in self.g:
            graph.add(triple)
        entity_tags = defaultdict(set)
        res = graph.query(
            """SELECT ?ent ?tag WHERE {
            ?ent brick:hasTag ?tag
        }"""
        )
        for ent, tag in res:
            entity_tags[ent].add(tag)
        for entity, tagset in entity_tags.items():
            tagset = list(map(lambda x: x.split("#")[-1], tagset))
            lookup = self.lookup_tagset(tagset)
            if len(lookup) == 0:
                continue
            klasses = list(lookup[0][0])
            graph.add((entity, A, BRICK[klasses[0]]))




[docs]class HaystackInferenceSession(TagInferenceSession):
    """
    Wraps TagInferenceSession to provide inference of a Brick model
    from a Haystack model. The haystack model is expected to be encoded
    as a dictionary with the keys "cols" and "rows"; I believe this is
    a standard Haystack JSON export.
    """

    def __init__(self, namespace):
        """
        Creates a new HaystackInferenceSession that infers entities into
        the given namespace
        Args:
            namespace (str): namespace into which the inferred Brick entities
                             are deposited. Should be a valid URI
        """
        super(HaystackInferenceSession, self).__init__(
            approximate=True, load_brick=True
        )
        self._generated_triples = []
        self._BLDG = rdflib.Namespace(namespace)
        self._filters = [
            lambda x: not x.startswith("his"),
            lambda x: not x.endswith("Ref"),
            lambda x: not x.startswith("cur"),
            lambda x: x != ("disMacro"),
            lambda x: x != "navName",
            lambda x: x != "tz",
            lambda x: x != "mod",
            lambda x: x != "id",
        ]
        self._point_tags = [
            "point",
            "sensor",
            "command",
            "setpoint",
            "alarm",
            "status",
            "parameter",
            "limit",
        ]

[docs]    def infer_entity(self, tagset, identifier=None, equip_ref=None):
        """
        Produces the Brick triples representing the given Haystack tag set

        Args:
            tagset (list of str): a list of tags representing a Haystack entity
            equip_ref (str): reference to an equipment if one exists

        Keyword Args:
            identifier (str): if provided, use this identifier for the entity,
            otherwise, generate a random string.
        """
        triples = []
        infer_results = []
        if identifier is None:
            raise Exception("PROVIDE IDENTIFIER")

        # handle Site
        if "site" in tagset and "equip" not in tagset and "point" not in tagset:
            triples.append((self._BLDG[identifier.replace(" ", "_")], A, BRICK.Site))
            return triples, [(identifier, list(tagset), [BRICK.Site])]

        # take into account 'equipref' to avoid unnecessarily inventing equips
        if equip_ref is not None:
            equip_entity_id = equip_ref
            inferred_equip_classes = []
        else:
            non_point_tags = set(tagset).difference(self._point_tags)
            non_point_tags.add("equip")
            inferred_equip_classes, leftover_equip = self.most_likely_tagsets(
                non_point_tags
            )
            inferred_equip_classes = [
                c for c in inferred_equip_classes if self._is_equip(c)
            ]
            equip_entity_id = identifier.replace(" ", "_") + "_equip"

        # choose first class for now
        point_entity_id = identifier.replace(" ", "_") + "_point"

        # check if this is a point; if so, infer what it is
        if set(tagset).intersection(self._point_tags):
            tagset = set(tagset).difference(set(["equip"]))
            inferred_point_classes, leftover_points = self.most_likely_tagsets(tagset)
            inferred_point_classes = [
                c for c in inferred_point_classes if self._is_point(c)
            ]
            if len(inferred_point_classes) > 0:
                triples.append(
                    (self._BLDG[point_entity_id], A, BRICK[inferred_point_classes[0]])
                )
                triples.append(
                    (
                        self._BLDG[point_entity_id],
                        RDFS.label,
                        rdflib.Literal(identifier),
                    )
                )
                infer_results.append((identifier, list(tagset), inferred_point_classes))

        if len(inferred_equip_classes) > 0:
            triples.append(
                (self._BLDG[equip_entity_id], A, BRICK[inferred_equip_classes[0]])
            )
            triples.append(
                (
                    self._BLDG[equip_entity_id],
                    BRICK.hasPoint,
                    self._BLDG[point_entity_id],
                )
            )
            triples.append(
                (
                    self._BLDG[equip_entity_id],
                    RDFS.label,
                    rdflib.Literal(identifier + " equip"),
                )
            )
            triples.append(
                (
                    self._BLDG[point_entity_id],
                    RDFS.label,
                    rdflib.Literal(identifier + " point"),
                )
            )
            infer_results.append((identifier, list(tagset), inferred_equip_classes))
        return triples, infer_results


    def _translate_tags(self, haystack_tags):
        """"""
        output_tags = []
        for tag in haystack_tags:
            tag = tag.lower()
            if tag not in tagmap:
                output_tags.append(tag)
                continue
            output_tags.extend(tagmap[tag])
        return set(output_tags)

[docs]    def infer_model(self, model):
        """
        Produces the inferred Brick model from the given Haystack model
        Args:
            model (dict): a Haystack model
        Returns:
            graph (brickschema.graph.Graph): a Graph object containing the
                inferred triples in addition to the regular graph
        """

        from .graph import Graph

        entities = model["rows"]
        # index the entities by their ID field
        entities = {e["id"].replace('"', ""): {"tags": e} for e in entities}
        # TODO: add e['dis'] for a descriptive label?
        brickgraph = Graph(load_brick=False)

        # marker tag pass
        for entity_id, entity in entities.items():
            marker_tags = {
                k for k, v in entity["tags"].items() if v == "m:" or v == "M"
            }
            for f in self._filters:
                marker_tags = list(filter(f, marker_tags))
            # translate tags
            entity_tagset = list(self._translate_tags(marker_tags))

            equip_ref = entity["tags"].get("equipRef")
            # infer tags for single entity
            triples, _ = self.infer_entity(
                entity_tagset, identifier=entity_id, equip_ref=equip_ref
            )
            brickgraph.add(*triples)
            self._generated_triples.extend(triples)

        # take a pass through for relationships
        for entity_id, entity in entities.items():
            relships = {k: v for k, v in entity["tags"].items() if k.endswith("Ref")}
            # equip_entity_id = entity_id.replace(' ', '_') + '_equip'
            point_entity_id = entity_id.replace(" ", "_") + "_point"
            if "equipRef" not in relships:
                continue
            reffed_equip = (
                relships["equipRef"].replace(" ", "_").replace('"', "") + "_equip"
            )
            if self._BLDG[point_entity_id] in brickgraph.nodes:
                triple = (
                    self._BLDG[reffed_equip],
                    BRICK.hasPoint,
                    self._BLDG[point_entity_id],
                )
                brickgraph.add(triple)
                self._generated_triples.append(triple)
        return brickgraph




def _get_common_prefix(list_of_strings):
    """
    Returns the longest common prefix among the set of strings.
    Helpful for finding a VBIS tag prefix.

    Args:
        list_of_strings (list of str): list of strings
    Returns:
        pfx (str): longest common prefix
    """
    # https://stackoverflow.com/questions/6718196/determine-prefix-from-a-set-of-similar-strings
    def all_same(x):
        return all(x[0] == y for y in x)

    char_tuples = zip(*list_of_strings)
    prefix_tuples = itertools.takewhile(all_same, char_tuples)
    return "".join(x[0] for x in prefix_tuples).strip("-")


def _to_tag_case(x):
    """
    Returns the string in "tag case" where the first letter
    is capitalized

    Args:
        x (str): input string
    Returns:
        x (str): transformed string
    """
    return x[0].upper() + x[1:]




          

      

      

    

  

    
      
          
            
  Source code for brickschema.namespaces

"""
The `namespaces` module provides pointers to standard Brick namespaces
and related ontology namespaces
wrapper class and convenience methods for a Brick graph
"""
from rdflib import Namespace

BRICK11 = Namespace("https://brickschema.org/schema/1.1/Brick#")
TAG11 = Namespace("https://brickschema.org/schema/1.1/BrickTag#")
BSH11 = Namespace("https://brickschema.org/schema/1.1/BrickShape#")

# all versions of Brick > 1.1 have these namespaces
BRICK = Namespace("https://brickschema.org/schema/Brick#")
TAG = Namespace("https://brickschema.org/schema/BrickTag#")
BSH = Namespace("https://brickschema.org/schema/BrickShape#")

# defaults
OWL = Namespace("http://www.w3.org/2002/07/owl#")
RDF = Namespace("http://www.w3.org/1999/02/22-rdf-syntax-ns#")
RDFS = Namespace("http://www.w3.org/2000/01/rdf-schema#")
SKOS = Namespace("http://www.w3.org/2004/02/skos/core#")
SH = Namespace("http://www.w3.org/ns/shacl#")

# QUDT namespaces
QUDT = Namespace("http://qudt.org/schema/qudt/")
QUDTQK = Namespace("http://qudt.org/vocab/quantitykind/")
QUDTDV = Namespace("http://qudt.org/vocab/dimensionvector/")
UNIT = Namespace("http://qudt.org/vocab/unit/")

A = RDF.type


[docs]def bind_prefixes(graph, brick_version="1.2"):
    """
    Associate common prefixes with the graph
    """
    graph.bind("rdf", RDF)
    graph.bind("owl", OWL)
    graph.bind("rdfs", RDFS)
    graph.bind("skos", SKOS)
    graph.bind("sh", SH)
    graph.bind("qudtqk", QUDTQK)
    graph.bind("qudt", QUDT)
    graph.bind("unit", UNIT)

    if brick_version == "1.1":
        graph.bind("brick", BRICK11)
        graph.bind("tag", TAG11)
        graph.bind("bsh", BSH11)
    else:
        graph.bind("brick", BRICK)
        graph.bind("tag", TAG)
        graph.bind("bsh", BSH)





          

      

      

    

  

    
      
          
            
  Source code for brickschema.orm

"""
ORM for Brick
"""
from collections import defaultdict
from . import namespaces as ns
from sqlalchemy import Column, String, ForeignKey, create_engine
from sqlalchemy.orm import relationship, sessionmaker
from sqlalchemy.ext.declarative import declarative_base

Base = declarative_base()
# TODO: brick:feeds (many-to-many), brick:hasPart


[docs]class Equipment(Base):
    """
    SQLAlchemy ORM class for BRICK.Equipment; see SQLORM class for usage
    """

    __tablename__ = "equipment"

    name = Column(String, primary_key=True)
    type = Column(String)

    points = relationship("Point", back_populates="equipment")

    location_id = Column(ForeignKey("location.name"))
    location = relationship("Location", back_populates="equipment")



[docs]class Point(Base):
    """
    SQLAlchemy ORM class for BRICK.Point; see SQLORM class for usage
    """

    __tablename__ = "point"

    name = Column(String, primary_key=True)
    type = Column(String)
    equipment_id = Column(ForeignKey("equipment.name"))
    equipment = relationship("Equipment", back_populates="points")

    location_id = Column(ForeignKey("location.name"))
    location = relationship("Location", back_populates="points")



[docs]class Location(Base):
    """
    SQLAlchemy ORM class for BRICK.Location; see SQLORM class for usage
    """

    __tablename__ = "location"

    name = Column(String, primary_key=True)
    type = Column(String)
    equipment = relationship("Equipment", back_populates="location")
    points = relationship("Point", back_populates="location")



[docs]class SQLORM:
    """
    A SQLAlchemy-based ORM for Brick models.

    Currently, the ORM models Locations, Points and Equipment and the
    basic relationships between them.
    """

    def __init__(self, graph, connection_string="sqlite://brick_orm.db"):
        """
        Creates a new ORM instance over the given Graph using SQLAlchemy.
        The ORM does not capture *all* information expressed in a Brick model,
        but can be easily extended over time to capture more information.

        Args:
            graph (brickschema.Graph): a Brick schema graph containing
                instances we want to interact with. **Note**: this graph
                should not have any inference applied to it (RDFS or otherwise)
            connection_string (str): a database URL telling SQLAlchemy how to
                connect to the database that is backing the ORM. See
                [SQLAlchemy's documentation on database URLs](https://docs.sqlalchemy.org/en/13/core/engines.html#database-urls)
        """
        self._graph = graph
        self._engine = create_engine(connection_string)
        Base.metadata.create_all(self._engine)

        # the SQLAlchemy session; use for queries, etc
        self.session = sessionmaker(bind=self._engine)()

        # populate the database

        # get all equipment
        res = self._graph.query(
            """SELECT ?equip ?type WHERE {
            ?equip  rdf:type/rdfs:subClassOf* brick:Equipment .
            ?equip  rdf:type ?type
        }"""
        )
        for (equip_name, equip_type) in res:
            equip = Equipment(name=equip_name, type=equip_type)
            self.session.merge(equip)

        # get all points of equipment
        res = self._graph.query(
            """SELECT ?point ?type ?equip WHERE {
            ?point  rdf:type/rdfs:subClassOf* brick:Point .
            ?point  rdf:type ?type .
            {
                ?point  brick:isPointOf ?equip .
            } UNION {
                ?equip  brick:hasPoint ?point .
            }
        }"""
        )
        for (point_name, point_type, equip_name) in res:
            point = Point(name=point_name, type=point_type, equipment_id=equip_name)
            self.session.merge(point)

        # get all locations
        res = self._graph.query(
            """SELECT ?location ?type WHERE {
            ?location  rdf:type/rdfs:subClassOf* brick:Location .
            ?location  rdf:type ?type .
        }"""
        )
        for (loc_name, loc_type) in res:
            loc = Location(name=loc_name, type=loc_type)
            self.session.merge(loc)

        # get all locations of equipment
        res = self._graph.query(
            """SELECT ?location ?type ?equip WHERE {
            ?equip  rdf:type/rdfs:subClassOf* brick:Equipment .
            ?location  rdf:type/rdfs:subClassOf* brick:Location .
            ?location  rdf:type ?type .
            {
                ?location  brick:isLocationOf ?equip .
            } UNION {
                ?equip  brick:hasLocation ?location .
            }
        }"""
        )
        for (loc_name, loc_type, equip_name) in res:
            # get existing equip object
            equip = (
                self.session.query(Equipment).filter(Equipment.name == equip_name).one()
            )
            # get existing Location
            loc = self.session.query(Location).filter(Location.name == loc_name).one()
            self.session.merge(loc)
            loc.equipment.append(equip)
            self.session.merge(loc)

        self.session.commit()



class _DynamicORM:
    """
    TODO: under construction
    Object-oriented interface to Brick models. We turn triples into objects
    as follows:

    1. Equipment with points: all instances of equipment
    """

    def __init__(self, graph):
        """
        Creates a new ORM instance over the given Graph

        Args:
            graph (brickschema.Graph): a Brick schema graph containing
                instances we want to interact with. **Note**: this graph
                should not have any inference applied to it (RDFS or otherwise)
        """
        self.graph = graph

        # construct initial Equipment class
        self.equipment_classes = {
            "Equipment": type(
                "Equipment",
                (),
                {
                    "URI": ns.BRICK["Equipment"],
                    "classname": "Equipment",
                    "name": None,
                    "__repr__": _brick_repr,
                    "points": [],
                },
            ),
        }
        # construct subclasses recursively
        self._build_subclasses(
            self.equipment_classes["Equipment"], self.equipment_classes, set()
        )

        self.point_classes = {
            "Point": type(
                "Point",
                (),
                {"URI": ns.BRICK["Point"], "classname": "Point", "name": None},
            ),
        }
        self._build_subclasses(self.point_classes["Point"], self.point_classes, set())

        # get equipment instances
        self.instances = {}
        for name, klass in self.equipment_classes.items():
            res = self.graph.query(
                f"""SELECT ?inst ?point ?pointtype WHERE {{
                ?inst a <{klass.URI}> .
                ?inst brick:hasPoint ?point .
                ?point a ?pointtype
            }}"""
            )
            for (inst, point, pointtype) in res:
                inst_name = inst.split("#")[-1]
                class_inst = self.instances.get(inst_name, klass())
                pointtype = pointtype.split("#")[-1]
                if pointtype not in self.point_classes:
                    print(f"No instances of {pointtype} for {klass}")
                    continue
                point_class = self.point_classes[pointtype]
                point_inst = point_class()
                point_inst.name = point
                class_inst.name = inst_name
                class_inst.points.append(point_inst)
                self.instances[inst_name] = class_inst

    def _build_subclasses(self, rootclass, dest, visited=None):
        if rootclass.URI in visited:
            return
        visited.add(rootclass.URI)
        res = self.graph.query(
            f"""SELECT ?class WHERE {{
            ?class rdfs:subClassOf <{rootclass.URI}>
        }}"""
        )
        for row in res:
            class_uri = row[0]
            name = class_uri.split("#")[-1]
            klass = type(
                name,
                (rootclass,),
                {
                    "URI": class_uri,
                    "classname": name,
                    "__repr__": _brick_repr,
                    "name": None,
                    "points": [],
                },
            )
            dest[name] = klass
            self._build_subclasses(klass, dest, visited=visited)


def _brick_repr(self):
    return f"<BRICK {self.classname}: {self.name}>"




          

      

      

    

  

    
      
          
            
  Source code for brickschema.validate

"""
The `validate` module implements a wrapper of `pySHACL`_ to
validate an ontology graph against the default Brick Schema constraints (called *shapes*) and user-defined shapes.

.. _`pySHACL`: https://github.com/RDFLib/pySHACL
"""
import os
import logging
from rdflib import Graph, Namespace, URIRef, BNode, Literal
from rdflib.plugins.sparql import prepareQuery
from .namespaces import A, RDF, RDFS, BRICK, BSH, SH, SKOS
import pyshacl
import io
import pkgutil


[docs]class Validator:
    """
    Validates a data graph against Brick Schema and basic SHACL constraints for Brick.  Allows extra
    constraints specific to the user's ontology.
    """

    # build accumulative namespace index from participating files
    # build list of violations, each is a graph
    def __init__(self, useBrickSchema=True, useDefaultShapes=True, brick_version="1.2"):
        # see __init__.py for logging.basicConfig settings
        self.log = logging.getLogger("validate")
        self.log.setLevel(
            logging.DEBUG if "PYTEST_CURRENT_TEST" in os.environ else logging.WARNING
        )

        self.namespaceDict = {}
        self.defaultNamespaceDict = {}
        self.brickG = Graph()
        self.brickShapeG = Graph()

        if useBrickSchema:
            data = pkgutil.get_data(
                __name__, f"ontologies/{brick_version}/Brick.ttl"
            ).decode()
            self.brickG.parse(source=io.StringIO(data), format="turtle")
            self.__buildNamespaceDict(self.brickG)

            # Remove rdfs:domain and rdfs:range.  The modified
            # ontology will be used for pySHACL reasoning.
            # See DESIGN.md for more discussion.

            self.brickG.update(
                "DELETE { ?s rdfs:domain ?o .} WHERE { ?s rdfs:domain ?o . }",
                initNs=self.namespaceDict,
            )
            self.brickG.update(
                "DELETE { ?s rdfs:range ?o .} WHERE { ?s rdfs:range ?o . }",
                initNs=self.namespaceDict,
            )

        if useDefaultShapes:
            data = pkgutil.get_data(
                __name__, f"ontologies/{brick_version}/BrickShape.ttl"
            ).decode()
            self.brickShapeG.parse(source=io.StringIO(data), format="turtle")
            self.__buildNamespaceDict(self.brickShapeG)

        # preserve namespaces used in Brick.ttl and BrickShape.ttl
        self.defaultNamespaceDict = self.namespaceDict.copy()

        self.log.debug("Validate __init__ done")

[docs]    class Result:
        """
        The type of returned object by validate() method
        """

        def __init__(self, conforms, violationGraphs, textOutput):
            self.conforms = conforms
            self.violationGraphs = violationGraphs
            self.textOutput = textOutput


[docs]    def validate(
        self,
        data_graph,
        shacl_graphs=[],
        ont_graphs=[],
        inference="rdfs",
        abort_on_error=False,
        advanced=True,
        meta_shacl=True,
        debug=False,
    ):
        """
        Validates data_graph against shacl_graph and ont_graph.

        Args:
            shacl_graphs: extra shape graphs in additon to BrickShape.ttl
            ont_graphs: extra ontology graphs in addtion to Brick.ttl

        Returns:
            object of Result class (conforms, violationGraphs, textOutput)
        """

        self.log.info("wrapper function for pySHACL validate()")

        # combine shape graphs and combine ontology graphs
        sg = Graph() + self.brickShapeG
        for g in shacl_graphs:
            sg = sg + g

        og = Graph() + self.brickG
        for g in ont_graphs:
            og = og + g

        self.data_graph = data_graph

        # copy default namespace pool into working pool (a shallow copy will do)
        self.namespaceDict = self.defaultNamespaceDict.copy()
        self.__buildNamespaceDict(data_graph)
        self.__buildNamespaceDict(og)
        self.__buildNamespaceDict(sg)

        (self.conforms, self.results_graph, self.results_text) = pyshacl.validate(
            data_graph,
            shacl_graph=sg,
            ont_graph=og,
            inference=inference,
            abort_on_error=abort_on_error,
            meta_shacl=meta_shacl,
            debug=debug,
        )

        if self.conforms:
            return self.Result(self.conforms, [], self.results_text)

        self.violationList = self.__attachOffendingTriples()
        self.__getExtraOutput()

        return self.Result(
            self.conforms, self.violationList, self.results_text + self.extraOutput
        )


    # Post process after calling pySHACL.validate to find offending
    # triple(s) for each violation.
    def __attachOffendingTriples(self):
        self.log.info("find offending triple(s) for each violation")

        self.__buildNamespaceDict(self.results_graph)

        # results_graph from pyshacl.validate() contains all violations.
        # Sort the triples into individual violations, using the per
        # violation sh:result predicate.  The constraint may have layers
        # of BNodes which are searched depth-first.  Note: We do not use
        # sparql queries here because it doesn't guarantee the consistency
        # of BNode naming in query results and in graph.

        self.violationDict = {}

        # Find triples (bn ?p ?obj) and put them into violationDict[k].
        # Continue to follow obj if it's a BNode again.
        def followBNode(k, bn):
            for (s, p, obj) in self.results_graph:
                if s == bn:
                    self.violationDict[k].add((s, p, obj))
                    if isinstance(obj, BNode):
                        followBNode(k, obj)

        for (s, p, obj) in self.results_graph:
            if p == SH.result:  # SH.result's obj must be a BNode
                # New graph for the violation and bind namespaces
                self.violationDict[obj] = Graph()
                for n in self.namespaceDict:
                    self.violationDict[obj].bind(n, self.namespaceDict[n])
                # Follow the BNode
                followBNode(obj, obj)

        # find the offending triple(s) for each violation graph and add into it
        for k, violation in self.violationDict.items():
            self.__triplesForOneViolation(violation)

        return list(self.violationDict.values())

    # end of __attachOffendingTriples()

    # Load namespaces into a dictionary which is accumulative with
    # the shape graph and data graph.
    def __buildNamespaceDict(self, g):
        for (prefix, path) in g.namespaces():
            assert (prefix not in self.namespaceDict) or (
                Namespace(path) == self.namespaceDict[prefix]
            ), f"Same prefix {prefix} used for {self.namespaceDict[prefix]} and {path}"

            if prefix not in self.namespaceDict:
                self.namespaceDict[prefix] = Namespace(path)

    # Query data graph and return the list of resulting triples
    def __queryDataGraph(self, s, p, o):
        q = prepareQuery(
            "SELECT ?s ?p ?o WHERE {%s %s %s .}"
            % (s if s else "?s", p if p else "?p", o if o else "?o"),
            initNs=self.namespaceDict,
        )
        res = self.data_graph.query(q)
        assert len(res), f"Must have at lease one triple like '{s} {p} {o}'"
        return res

    # Take one contraint violation (a graph) and a sh: predicate,
    # find the object which is a node in the data graph.
    # Return the object found or None.
    def __violationPredicateObj(self, violation, predicate, mustFind=True):
        q = prepareQuery(
            f"SELECT ?s ?p ?o WHERE {{ ?s {predicate} ?o . }}",
            initNs=self.namespaceDict,
        )
        res = violation.query(q)
        if mustFind:
            assert len(res) == 1, f"Must have predicate '{predicate}'"
        if len(res):
            for (s, p, o) in res:
                return o
        return None  # Ok to miss certain predicate, such as sh:resultPath

    # Take one contraint violation (a graph) and find the potential offending
    # triples.  Return the triples in a list.
    def __triplesForOneViolation(self, violation):
        resultPath = self.__violationPredicateObj(
            violation, "sh:resultPath", mustFind=False
        )
        if resultPath:
            focusNode = self.__violationPredicateObj(violation, "sh:focusNode")
            valueNode = self.__violationPredicateObj(
                violation, "sh:value", mustFind=False
            )

            # TODO: Although we haven't seen a violation with sh:resultPath where
            # focusNode and valueNode are the same, the case should be considered.
            # The triple probably should be queried using queryDataGraph() instead
            # of assuming focusNode is the subject here.

            if valueNode:
                g = Graph()
                g.add((focusNode, resultPath, valueNode))
                violation.add((BNode(), BSH["offendingTriple"], g))
                return
            else:
                # Without valueNode, we look for constraint, such as
                # sh:class <class> and sh:minCount <number>
                cComp = self.__violationPredicateObj(
                    violation, "sh:sourceConstraintComponent"
                )
                c = cComp.split("#")[1].replace("ConstraintComponent", "")
                cPred = "sh:" + c[0].lower() + c[1:]
                cObj = f"<{self.__violationPredicateObj(violation, cPred)}>"

                g = Graph()
                g.add((focusNode, resultPath, Literal(f"{cPred} {cObj}")))
                violation.add((BNode(), BSH["offenderHint"], g))

            return
        # end of if resultPath:

        # Without sh:resultPath or sh:value in the violation. We are currently only
        # concerned with the RDFS.domain shape.
        sourceShape = self.__violationPredicateObj(violation, "sh:sourceShape")
        if sourceShape.endswith("DomainShape"):
            (bsh, shapeName) = sourceShape.split("#")

            # For a brick property xyz with RDFS.domain predicate, the shape's name
            # is bsh:xyzDomainShape.  Here we tease out brick:xyz to make the query.
            brickProp = shapeName[: -len("DomainShape")]
            path = "brick:" + brickProp
            fullPath = self.namespaceDict["brick"] + brickProp

            # The full name (http...) of the focusNode doesn't seem to work
            # in the query.  Therefore make a prefixed version for the query.
            focusNode = self.__violationPredicateObj(violation, "sh:focusNode")
            res = self.__queryDataGraph(f"<{focusNode}>", path, None)

            # Due to inherent ambiguity of this kind of shape,
            # multiple triples may be found.
            for (s, p, o) in res:
                g = Graph()
                g.add((focusNode, URIRef(fullPath), o))
                violation.add((BNode(), BSH["offendingTriple"], g))
            return
        # end of if sourceShape.endswith('DomainShape'):

        # When control reaches here, a handler is missing for the violation.

        self.log.error(
            "no triple finder for violation %s"
            % violation.serialize(format="ttl").decode("utf-8")
        )
        return

    # end of triplesForOneViolation()

    # Serialize and streamline (remove @prefix lines) a grpah and append to output
    def __appendGraph(self, msg, g):
        if msg:
            self.extraOutput += msg
        for n in self.namespaceDict:
            g.bind(n, self.namespaceDict[n])

        for b_line in g.serialize(format="ttl").splitlines():
            line = b_line.decode("utf-8")
            # skip prefix, offendingTriple and blank line
            if (
                (not line.startswith("@prefix"))
                and ("offenderHint" not in line)
                and ("offendingTriple" not in line)
                and line.strip()
            ):
                self.extraOutput += line
                self.extraOutput += "\n"

    def __appendViolation(self, msg, g):
        # first print the violation body
        self.__appendGraph(msg, g)

        # tease out the triples with offendingTriple as predicate
        tripleGraphs = []
        tripleType = None
        for (s, p, o) in g:
            if p == BSH["offendingTriple"] or p == BSH["offenderHint"]:
                tripleType = p
                tripleG = Graph()
                for (s1, p1, o1) in o:
                    tripleG.add((s1, p1, o1))
                tripleGraphs.append(tripleG)

        if len(tripleGraphs) == 0:
            self.extraOutput += "Please let us know if the contraint violation information is insufficient.\n"
            return

        if tripleType == BSH["offenderHint"]:
            self.extraOutput += "Violation hint (subject predicate cause):\n"
        elif len(tripleGraphs) == 1:
            self.extraOutput += "Offending triple:\n"
        else:
            self.extraOutput += "Potential offending triples:\n"
        for tripleG in tripleGraphs:
            self.__appendGraph(None, tripleG)

    def __getExtraOutput(self):
        self.extraOutput = f"\nAdditional info ({len(self.violationList)} constraint violations with offender hint):\n"

        # Print each violation graph, find and print the offending triple(s), too
        for g in self.violationList:
            self.__appendViolation("\nConstraint violation:\n", g)



# end of class Validator()




          

      

      

    

  

    
      
          
            
  Source code for brickschema.web

"""
Brickschema web module. This embeds a Flask webserver which provides a local web server with:
- SPARQL interpreter + query result visualization
- buttons to perform inference

TODO:
- implement https://www.w3.org/TR/sparql11-protocol/ on /query
"""
from flask import Flask, request, json, jsonify, redirect
from rdflib.plugins.sparql.results.jsonresults import JSONResultSerializer
import pkgutil
import io


[docs]class Server:
    def __init__(self, graph):
        self.graph = graph
        self.app = Flask(__name__, static_url_path="/static")

        self.app.route("/query", methods=["GET", "POST"])(self.query)
        self.app.route("/reason/<profile>", methods=["POST"])(self.apply_reasoning)
        self.app.route("/", methods=["GET"])(self.home)

[docs]    def query(self):
        if request.method == "GET":
            query = request.args.get("query")
        elif (
            request.method == "POST"
            and request.content_type == "application/x-www-form-urlencoded"
        ):
            query = request.form.get("query")
        elif (
            request.method == "POST"
            and request.content_type == "application/sparql-query"
        ):
            print("SPARQL", request.form.keys())
            query = request.get_data()
        print(query)
        results = self.graph.query(query)
        json_results = io.StringIO()
        JSONResultSerializer(results).serialize(json_results)
        return jsonify(json.loads(json_results.getvalue()))


[docs]    def home(self):
        return pkgutil.get_data(__name__, "web/index.html").decode()


[docs]    def apply_reasoning(self, profile):
        self.graph.expand(profile)
        return jsonify(len(self.graph))


[docs]    def start(self, address="localhost:8080"):
        assert len(address.split(":")) == 2
        host, port = address.split(":")
        self.app.run(host=host, port=port)






          

      

      

    

  

    
      
          
            
  Source code for sqlalchemy.orm.attributes

# orm/attributes.py
# Copyright (C) 2005-2021 the SQLAlchemy authors and contributors
# <see AUTHORS file>
#
# This module is part of SQLAlchemy and is released under
# the MIT License: http://www.opensource.org/licenses/mit-license.php

"""Defines instrumentation for class attributes and their interaction
with instances.

This module is usually not directly visible to user applications, but
defines a large part of the ORM's interactivity.


"""

import operator

from . import collections
from . import exc as orm_exc
from . import interfaces
from .base import ATTR_EMPTY
from .base import ATTR_WAS_SET
from .base import CALLABLES_OK
from .base import INIT_OK
from .base import instance_dict
from .base import instance_state
from .base import instance_str
from .base import LOAD_AGAINST_COMMITTED
from .base import manager_of_class
from .base import NEVER_SET  # noqa
from .base import NO_AUTOFLUSH
from .base import NO_CHANGE  # noqa
from .base import NO_RAISE
from .base import NO_VALUE
from .base import NON_PERSISTENT_OK  # noqa
from .base import PASSIVE_CLASS_MISMATCH  # noqa
from .base import PASSIVE_NO_FETCH
from .base import PASSIVE_NO_FETCH_RELATED  # noqa
from .base import PASSIVE_NO_INITIALIZE
from .base import PASSIVE_NO_RESULT
from .base import PASSIVE_OFF
from .base import PASSIVE_ONLY_PERSISTENT
from .base import PASSIVE_RETURN_NO_VALUE
from .base import RELATED_OBJECT_OK  # noqa
from .base import SQL_OK  # noqa
from .base import state_str
from .. import event
from .. import exc
from .. import inspection
from .. import util
from ..sql import base as sql_base
from ..sql import roles
from ..sql import traversals
from ..sql import visitors


class NoKey(str):
    pass


NO_KEY = NoKey("no name")


@inspection._self_inspects
class QueryableAttribute(
    interfaces._MappedAttribute,
    interfaces.InspectionAttr,
    interfaces.PropComparator,
    traversals.HasCopyInternals,
    roles.JoinTargetRole,
    roles.OnClauseRole,
    sql_base.Immutable,
    sql_base.MemoizedHasCacheKey,
):
    """Base class for :term:`descriptor` objects that intercept
    attribute events on behalf of a :class:`.MapperProperty`
    object.  The actual :class:`.MapperProperty` is accessible
    via the :attr:`.QueryableAttribute.property`
    attribute.


    .. seealso::

        :class:`.InstrumentedAttribute`

        :class:`.MapperProperty`

        :attr:`_orm.Mapper.all_orm_descriptors`

        :attr:`_orm.Mapper.attrs`
    """

    is_attribute = True

    # PropComparator has a __visit_name__ to participate within
    # traversals.   Disambiguate the attribute vs. a comparator.
    __visit_name__ = "orm_instrumented_attribute"

    def __init__(
        self,
        class_,
        key,
        parententity,
        impl=None,
        comparator=None,
        of_type=None,
        extra_criteria=(),
    ):
        self.class_ = class_
        self.key = key
        self._parententity = parententity
        self.impl = impl
        self.comparator = comparator
        self._of_type = of_type
        self._extra_criteria = extra_criteria

        manager = manager_of_class(class_)
        # manager is None in the case of AliasedClass
        if manager:
            # propagate existing event listeners from
            # immediate superclass
            for base in manager._bases:
                if key in base:
                    self.dispatch._update(base[key].dispatch)
                    if base[key].dispatch._active_history:
                        self.dispatch._active_history = True

    _cache_key_traversal = [
        ("key", visitors.ExtendedInternalTraversal.dp_string),
        ("_parententity", visitors.ExtendedInternalTraversal.dp_multi),
        ("_of_type", visitors.ExtendedInternalTraversal.dp_multi),
        ("_extra_criteria", visitors.InternalTraversal.dp_clauseelement_list),
    ]

    def __reduce__(self):
        # this method is only used in terms of the
        # sqlalchemy.ext.serializer extension
        return (
            _queryable_attribute_unreduce,
            (
                self.key,
                self._parententity.mapper.class_,
                self._parententity,
                self._parententity.entity,
            ),
        )

    @util.memoized_property
    def _supports_population(self):
        return self.impl.supports_population

    @property
    def _impl_uses_objects(self):
        return self.impl.uses_objects

    def get_history(self, instance, passive=PASSIVE_OFF):
        return self.impl.get_history(
            instance_state(instance), instance_dict(instance), passive
        )

    @util.memoized_property
    def info(self):
        """Return the 'info' dictionary for the underlying SQL element.

        The behavior here is as follows:

        * If the attribute is a column-mapped property, i.e.
          :class:`.ColumnProperty`, which is mapped directly
          to a schema-level :class:`_schema.Column` object, this attribute
          will return the :attr:`.SchemaItem.info` dictionary associated
          with the core-level :class:`_schema.Column` object.

        * If the attribute is a :class:`.ColumnProperty` but is mapped to
          any other kind of SQL expression other than a
          :class:`_schema.Column`,
          the attribute will refer to the :attr:`.MapperProperty.info`
          dictionary associated directly with the :class:`.ColumnProperty`,
          assuming the SQL expression itself does not have its own ``.info``
          attribute (which should be the case, unless a user-defined SQL
          construct has defined one).

        * If the attribute refers to any other kind of
          :class:`.MapperProperty`, including :class:`.RelationshipProperty`,
          the attribute will refer to the :attr:`.MapperProperty.info`
          dictionary associated with that :class:`.MapperProperty`.

        * To access the :attr:`.MapperProperty.info` dictionary of the
          :class:`.MapperProperty` unconditionally, including for a
          :class:`.ColumnProperty` that's associated directly with a
          :class:`_schema.Column`, the attribute can be referred to using
          :attr:`.QueryableAttribute.property` attribute, as
          ``MyClass.someattribute.property.info``.

        .. seealso::

            :attr:`.SchemaItem.info`

            :attr:`.MapperProperty.info`

        """
        return self.comparator.info

    @util.memoized_property
    def parent(self):
        """Return an inspection instance representing the parent.

        This will be either an instance of :class:`_orm.Mapper`
        or :class:`.AliasedInsp`, depending upon the nature
        of the parent entity which this attribute is associated
        with.

        """
        return inspection.inspect(self._parententity)

    @util.memoized_property
    def expression(self):
        """The SQL expression object represented by this
        :class:`.QueryableAttribute`.

        This will typically be an instance of a :class:`_sql.ColumnElement`
        subclass representing a column expression.

        """
        if self.key is NO_KEY:
            annotations = {"entity_namespace": self._entity_namespace}
        else:
            annotations = {
                "proxy_key": self.key,
                "proxy_owner": self._parententity,
                "entity_namespace": self._entity_namespace,
            }

        ce = self.comparator.__clause_element__()
        try:
            anno = ce._annotate
        except AttributeError as ae:
            util.raise_(
                exc.InvalidRequestError(
                    'When interpreting attribute "%s" as a SQL expression, '
                    "expected __clause_element__() to return "
                    "a ClauseElement object, got: %r" % (self, ce)
                ),
                from_=ae,
            )
        else:
            return anno(annotations)

    @property
    def _entity_namespace(self):
        return self._parententity

    @property
    def _annotations(self):
        return self.__clause_element__()._annotations

    def __clause_element__(self):
        return self.expression

    @property
    def _from_objects(self):
        return self.expression._from_objects

    def _bulk_update_tuples(self, value):
        """Return setter tuples for a bulk UPDATE."""

        return self.comparator._bulk_update_tuples(value)

    def adapt_to_entity(self, adapt_to_entity):
        assert not self._of_type
        return self.__class__(
            adapt_to_entity.entity,
            self.key,
            impl=self.impl,
            comparator=self.comparator.adapt_to_entity(adapt_to_entity),
            parententity=adapt_to_entity,
        )

    def of_type(self, entity):
        return QueryableAttribute(
            self.class_,
            self.key,
            self._parententity,
            impl=self.impl,
            comparator=self.comparator.of_type(entity),
            of_type=inspection.inspect(entity),
            extra_criteria=self._extra_criteria,
        )

    def and_(self, *other):
        return QueryableAttribute(
            self.class_,
            self.key,
            self._parententity,
            impl=self.impl,
            comparator=self.comparator.and_(*other),
            of_type=self._of_type,
            extra_criteria=self._extra_criteria + other,
        )

    def _clone(self, **kw):
        return QueryableAttribute(
            self.class_,
            self.key,
            self._parententity,
            impl=self.impl,
            comparator=self.comparator,
            of_type=self._of_type,
            extra_criteria=self._extra_criteria,
        )

    def label(self, name):
        return self.__clause_element__().label(name)

    def operate(self, op, *other, **kwargs):
        return op(self.comparator, *other, **kwargs)

    def reverse_operate(self, op, other, **kwargs):
        return op(other, self.comparator, **kwargs)

    def hasparent(self, state, optimistic=False):
        return self.impl.hasparent(state, optimistic=optimistic) is not False

    def __getattr__(self, key):
        try:
            return getattr(self.comparator, key)
        except AttributeError as err:
            util.raise_(
                AttributeError(
                    "Neither %r object nor %r object associated with %s "
                    "has an attribute %r"
                    % (
                        type(self).__name__,
                        type(self.comparator).__name__,
                        self,
                        key,
                    )
                ),
                replace_context=err,
            )

    def __str__(self):
        return "%s.%s" % (self.class_.__name__, self.key)

    @util.memoized_property
    def property(self):
        """Return the :class:`.MapperProperty` associated with this
        :class:`.QueryableAttribute`.


        Return values here will commonly be instances of
        :class:`.ColumnProperty` or :class:`.RelationshipProperty`.


        """
        return self.comparator.property


def _queryable_attribute_unreduce(key, mapped_class, parententity, entity):
    # this method is only used in terms of the
    # sqlalchemy.ext.serializer extension
    if parententity.is_aliased_class:
        return entity._get_from_serialized(key, mapped_class, parententity)
    else:
        return getattr(entity, key)


if util.py3k:
    from typing import TypeVar, Generic

    _T = TypeVar("_T")
    _Generic_T = Generic[_T]
else:
    _Generic_T = type("_Generic_T", (), {})


class Mapped(QueryableAttribute, _Generic_T):
    """Represent an ORM mapped :term:`descriptor` attribute for typing purposes.

    This class represents the complete descriptor interface for any class
    attribute that will have been :term:`instrumented` by the ORM
    :class:`_orm.Mapper` class. When used with typing stubs, it is the final
    type that would be used by a type checker such as mypy to provide the full
    behavioral contract for the attribute.

    .. tip::

        The :class:`_orm.Mapped` class represents attributes that are handled
        directly by the :class:`_orm.Mapper` class. It does not include other
        Python descriptor classes that are provided as extensions, including
        :ref:`hybrids_toplevel` and the :ref:`associationproxy_toplevel`.
        While these systems still make use of ORM-specific superclasses
        and structures, they are not :term:`instrumented` by the
        :class:`_orm.Mapper` and instead provide their own functionality
        when they are accessed on a class.

    When using the :ref:`SQLAlchemy Mypy plugin <mypy_toplevel>`, the
    :class:`_orm.Mapped` construct is used in typing annotations to indicate to
    the plugin those attributes that are expected to be mapped; the plugin also
    applies :class:`_orm.Mapped` as an annotation automatically when it scans
    through declarative mappings in :ref:`orm_declarative_table` style. For
    more indirect mapping styles such as
    :ref:`imperative table <orm_imperative_table_configuration>` it is
    typically applied explicitly to class level attributes that expect
    to be mapped based on a given :class:`_schema.Table` configuration.

    :class:`_orm.Mapped` is defined in the
    `sqlalchemy2-stubs <https://pypi.org/project/sqlalchemy2-stubs>`_ project
    as a :pep:`484` generic class which may subscribe to any arbitrary Python
    type, which represents the Python type handled by the attribute::

        class MyMappedClass(Base):
            __table_ = Table(
                "some_table", Base.metadata,
                Column("id", Integer, primary_key=True),
                Column("data", String(50)),
                Column("created_at", DateTime)
            )

            id : Mapped[int]
            data: Mapped[str]
            created_at: Mapped[datetime]

    For complete background on how to use :class:`_orm.Mapped` with
    pep-484 tools like Mypy, see the link below for background on SQLAlchemy's
    Mypy plugin.

    .. versionadded:: 1.4

    .. seealso::

        :ref:`mypy_toplevel` - complete background on Mypy integration

    """

    def __get__(self, instance, owner):
        raise NotImplementedError()

    def __set__(self, instance, value):
        raise NotImplementedError()

    def __delete__(self, instance):
        raise NotImplementedError()


class InstrumentedAttribute(Mapped):
    """Class bound instrumented attribute which adds basic
    :term:`descriptor` methods.

    See :class:`.QueryableAttribute` for a description of most features.


    """

    inherit_cache = True

    def __set__(self, instance, value):
        self.impl.set(
            instance_state(instance), instance_dict(instance), value, None
        )

    def __delete__(self, instance):
        self.impl.delete(instance_state(instance), instance_dict(instance))

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

        dict_ = instance_dict(instance)
        if self._supports_population and self.key in dict_:
            return dict_[self.key]
        else:
            try:
                state = instance_state(instance)
            except AttributeError as err:
                util.raise_(
                    orm_exc.UnmappedInstanceError(instance),
                    replace_context=err,
                )
            return self.impl.get(state, dict_)


HasEntityNamespace = util.namedtuple(
    "HasEntityNamespace", ["entity_namespace"]
)
HasEntityNamespace.is_mapper = HasEntityNamespace.is_aliased_class = False


def create_proxied_attribute(descriptor):
    """Create an QueryableAttribute / user descriptor hybrid.

    Returns a new QueryableAttribute type that delegates descriptor
    behavior and getattr() to the given descriptor.
    """

    # TODO: can move this to descriptor_props if the need for this
    # function is removed from ext/hybrid.py

    class Proxy(QueryableAttribute):
        """Presents the :class:`.QueryableAttribute` interface as a
        proxy on top of a Python descriptor / :class:`.PropComparator`
        combination.

        """

        _extra_criteria = ()

        def __init__(
            self,
            class_,
            key,
            descriptor,
            comparator,
            adapt_to_entity=None,
            doc=None,
            original_property=None,
        ):
            self.class_ = class_
            self.key = key
            self.descriptor = descriptor
            self.original_property = original_property
            self._comparator = comparator
            self._adapt_to_entity = adapt_to_entity
            self.__doc__ = doc

        _is_internal_proxy = True

        @property
        def _impl_uses_objects(self):
            return (
                self.original_property is not None
                and getattr(self.class_, self.key).impl.uses_objects
            )

        @property
        def _parententity(self):
            return inspection.inspect(self.class_, raiseerr=False)

        @property
        def _entity_namespace(self):
            if hasattr(self._comparator, "_parententity"):
                return self._comparator._parententity
            else:
                # used by hybrid attributes which try to remain
                # agnostic of any ORM concepts like mappers
                return HasEntityNamespace(self.class_)

        @property
        def property(self):
            return self.comparator.property

        @util.memoized_property
        def comparator(self):
            if callable(self._comparator):
                self._comparator = self._comparator()
            if self._adapt_to_entity:
                self._comparator = self._comparator.adapt_to_entity(
                    self._adapt_to_entity
                )
            return self._comparator

        def adapt_to_entity(self, adapt_to_entity):
            return self.__class__(
                adapt_to_entity.entity,
                self.key,
                self.descriptor,
                self._comparator,
                adapt_to_entity,
            )

        def __get__(self, instance, owner):
            retval = self.descriptor.__get__(instance, owner)
            # detect if this is a plain Python @property, which just returns
            # itself for class level access.  If so, then return us.
            # Otherwise, return the object returned by the descriptor.
            if retval is self.descriptor and instance is None:
                return self
            else:
                return retval

        def __str__(self):
            return "%s.%s" % (self.class_.__name__, self.key)

        def __getattr__(self, attribute):
            """Delegate __getattr__ to the original descriptor and/or
            comparator."""
            try:
                return getattr(descriptor, attribute)
            except AttributeError as err:
                if attribute == "comparator":
                    util.raise_(
                        AttributeError("comparator"), replace_context=err
                    )
                try:
                    # comparator itself might be unreachable
                    comparator = self.comparator
                except AttributeError as err2:
                    util.raise_(
                        AttributeError(
                            "Neither %r object nor unconfigured comparator "
                            "object associated with %s has an attribute %r"
                            % (type(descriptor).__name__, self, attribute)
                        ),
                        replace_context=err2,
                    )
                else:
                    try:
                        return getattr(comparator, attribute)
                    except AttributeError as err3:
                        util.raise_(
                            AttributeError(
                                "Neither %r object nor %r object "
                                "associated with %s has an attribute %r"
                                % (
                                    type(descriptor).__name__,
                                    type(comparator).__name__,
                                    self,
                                    attribute,
                                )
                            ),
                            replace_context=err3,
                        )

    Proxy.__name__ = type(descriptor).__name__ + "Proxy"

    util.monkeypatch_proxied_specials(
        Proxy, type(descriptor), name="descriptor", from_instance=descriptor
    )
    return Proxy


OP_REMOVE = util.symbol("REMOVE")
OP_APPEND = util.symbol("APPEND")
OP_REPLACE = util.symbol("REPLACE")
OP_BULK_REPLACE = util.symbol("BULK_REPLACE")
OP_MODIFIED = util.symbol("MODIFIED")


class AttributeEvent(object):
    """A token propagated throughout the course of a chain of attribute
    events.

    Serves as an indicator of the source of the event and also provides
    a means of controlling propagation across a chain of attribute
    operations.

    The :class:`.Event` object is sent as the ``initiator`` argument
    when dealing with events such as :meth:`.AttributeEvents.append`,
    :meth:`.AttributeEvents.set`,
    and :meth:`.AttributeEvents.remove`.

    The :class:`.Event` object is currently interpreted by the backref
    event handlers, and is used to control the propagation of operations
    across two mutually-dependent attributes.

    .. versionadded:: 0.9.0

    :attribute impl: The :class:`.AttributeImpl` which is the current event
     initiator.

    :attribute op: The symbol :attr:`.OP_APPEND`, :attr:`.OP_REMOVE`,
     :attr:`.OP_REPLACE`, or :attr:`.OP_BULK_REPLACE`, indicating the
     source operation.

    """

    __slots__ = "impl", "op", "parent_token"

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

    def __eq__(self, other):
        return (
            isinstance(other, AttributeEvent)
            and other.impl is self.impl
            and other.op == self.op
        )

    @property
    def key(self):
        return self.impl.key

    def hasparent(self, state):
        return self.impl.hasparent(state)


Event = AttributeEvent


class AttributeImpl(object):
    """internal implementation for instrumented attributes."""

    def __init__(
        self,
        class_,
        key,
        callable_,
        dispatch,
        trackparent=False,
        compare_function=None,
        active_history=False,
        parent_token=None,
        load_on_unexpire=True,
        send_modified_events=True,
        accepts_scalar_loader=None,
        **kwargs
    ):
        r"""Construct an AttributeImpl.

        :param \class_: associated class

        :param key: string name of the attribute

        :param \callable_:
          optional function which generates a callable based on a parent
          instance, which produces the "default" values for a scalar or
          collection attribute when it's first accessed, if not present
          already.

        :param trackparent:
          if True, attempt to track if an instance has a parent attached
          to it via this attribute.

        :param compare_function:
          a function that compares two values which are normally
          assignable to this attribute.

        :param active_history:
          indicates that get_history() should always return the "old" value,
          even if it means executing a lazy callable upon attribute change.

        :param parent_token:
          Usually references the MapperProperty, used as a key for
          the hasparent() function to identify an "owning" attribute.
          Allows multiple AttributeImpls to all match a single
          owner attribute.

        :param load_on_unexpire:
          if False, don't include this attribute in a load-on-expired
          operation, i.e. the "expired_attribute_loader" process.
          The attribute can still be in the "expired" list and be
          considered to be "expired".   Previously, this flag was called
          "expire_missing" and is only used by a deferred column
          attribute.

        :param send_modified_events:
          if False, the InstanceState._modified_event method will have no
          effect; this means the attribute will never show up as changed in a
          history entry.

        """
        self.class_ = class_
        self.key = key
        self.callable_ = callable_
        self.dispatch = dispatch
        self.trackparent = trackparent
        self.parent_token = parent_token or self
        self.send_modified_events = send_modified_events
        if compare_function is None:
            self.is_equal = operator.eq
        else:
            self.is_equal = compare_function

        if accepts_scalar_loader is not None:
            self.accepts_scalar_loader = accepts_scalar_loader
        else:
            self.accepts_scalar_loader = self.default_accepts_scalar_loader

        if active_history:
            self.dispatch._active_history = True

        self.load_on_unexpire = load_on_unexpire
        self._modified_token = Event(self, OP_MODIFIED)

    __slots__ = (
        "class_",
        "key",
        "callable_",
        "dispatch",
        "trackparent",
        "parent_token",
        "send_modified_events",
        "is_equal",
        "load_on_unexpire",
        "_modified_token",
        "accepts_scalar_loader",
    )

    def __str__(self):
        return "%s.%s" % (self.class_.__name__, self.key)

    def _get_active_history(self):
        """Backwards compat for impl.active_history"""

        return self.dispatch._active_history

    def _set_active_history(self, value):
        self.dispatch._active_history = value

    active_history = property(_get_active_history, _set_active_history)

    def hasparent(self, state, optimistic=False):
        """Return the boolean value of a `hasparent` flag attached to
        the given state.

        The `optimistic` flag determines what the default return value
        should be if no `hasparent` flag can be located.

        As this function is used to determine if an instance is an
        *orphan*, instances that were loaded from storage should be
        assumed to not be orphans, until a True/False value for this
        flag is set.

        An instance attribute that is loaded by a callable function
        will also not have a `hasparent` flag.

        """
        msg = "This AttributeImpl is not configured to track parents."
        assert self.trackparent, msg

        return (
            state.parents.get(id(self.parent_token), optimistic) is not False
        )

    def sethasparent(self, state, parent_state, value):
        """Set a boolean flag on the given item corresponding to
        whether or not it is attached to a parent object via the
        attribute represented by this ``InstrumentedAttribute``.

        """
        msg = "This AttributeImpl is not configured to track parents."
        assert self.trackparent, msg

        id_ = id(self.parent_token)
        if value:
            state.parents[id_] = parent_state
        else:
            if id_ in state.parents:
                last_parent = state.parents[id_]

                if (
                    last_parent is not False
                    and last_parent.key != parent_state.key
                ):

                    if last_parent.obj() is None:
                        raise orm_exc.StaleDataError(
                            "Removing state %s from parent "
                            "state %s along attribute '%s', "
                            "but the parent record "
                            "has gone stale, can't be sure this "
                            "is the most recent parent."
                            % (
                                state_str(state),
                                state_str(parent_state),
                                self.key,
                            )
                        )

                    return

            state.parents[id_] = False

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

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        """Return a list of tuples of (state, obj)
        for all objects in this attribute's current state
        + history.

        Only applies to object-based attributes.

        This is an inlining of existing functionality
        which roughly corresponds to:

            get_state_history(
                        state,
                        key,
                        passive=PASSIVE_NO_INITIALIZE).sum()

        """
        raise NotImplementedError()

    def _default_value(self, state, dict_):
        """Produce an empty value for an uninitialized scalar attribute."""

        assert self.key not in dict_, (
            "_default_value should only be invoked for an "
            "uninitialized or expired attribute"
        )

        value = None
        for fn in self.dispatch.init_scalar:
            ret = fn(state, value, dict_)
            if ret is not ATTR_EMPTY:
                value = ret

        return value

    def get(self, state, dict_, passive=PASSIVE_OFF):
        """Retrieve a value from the given object.
        If a callable is assembled on this object's attribute, and
        passive is False, the callable will be executed and the
        resulting value will be set as the new value for this attribute.
        """
        if self.key in dict_:
            return dict_[self.key]
        else:
            # if history present, don't load
            key = self.key
            if (
                key not in state.committed_state
                or state.committed_state[key] is NO_VALUE
            ):
                if not passive & CALLABLES_OK:
                    return PASSIVE_NO_RESULT

                if (
                    self.accepts_scalar_loader
                    and self.load_on_unexpire
                    and key in state.expired_attributes
                ):
                    value = state._load_expired(state, passive)
                elif key in state.callables:
                    callable_ = state.callables[key]
                    value = callable_(state, passive)
                elif self.callable_:
                    value = self.callable_(state, passive)
                else:
                    value = ATTR_EMPTY

                if value is PASSIVE_NO_RESULT or value is NO_VALUE:
                    return value
                elif value is ATTR_WAS_SET:
                    try:
                        return dict_[key]
                    except KeyError as err:
                        # TODO: no test coverage here.
                        util.raise_(
                            KeyError(
                                "Deferred loader for attribute "
                                "%r failed to populate "
                                "correctly" % key
                            ),
                            replace_context=err,
                        )
                elif value is not ATTR_EMPTY:
                    return self.set_committed_value(state, dict_, value)

            if not passive & INIT_OK:
                return NO_VALUE
            else:
                return self._default_value(state, dict_)

    def append(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(state, dict_, value, initiator, passive=passive)

    def remove(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(
            state, dict_, None, initiator, passive=passive, check_old=value
        )

    def pop(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        self.set(
            state,
            dict_,
            None,
            initiator,
            passive=passive,
            check_old=value,
            pop=True,
        )

    def set(
        self,
        state,
        dict_,
        value,
        initiator,
        passive=PASSIVE_OFF,
        check_old=None,
        pop=False,
    ):
        raise NotImplementedError()

    def get_committed_value(self, state, dict_, passive=PASSIVE_OFF):
        """return the unchanged value of this attribute"""

        if self.key in state.committed_state:
            value = state.committed_state[self.key]
            if value is NO_VALUE:
                return None
            else:
                return value
        else:
            return self.get(state, dict_, passive=passive)

    def set_committed_value(self, state, dict_, value):
        """set an attribute value on the given instance and 'commit' it."""

        dict_[self.key] = value
        state._commit(dict_, [self.key])
        return value


class ScalarAttributeImpl(AttributeImpl):
    """represents a scalar value-holding InstrumentedAttribute."""

    default_accepts_scalar_loader = True
    uses_objects = False
    supports_population = True
    collection = False
    dynamic = False

    __slots__ = "_replace_token", "_append_token", "_remove_token"

    def __init__(self, *arg, **kw):
        super(ScalarAttributeImpl, self).__init__(*arg, **kw)
        self._replace_token = self._append_token = Event(self, OP_REPLACE)
        self._remove_token = Event(self, OP_REMOVE)

    def delete(self, state, dict_):
        if self.dispatch._active_history:
            old = self.get(state, dict_, PASSIVE_RETURN_NO_VALUE)
        else:
            old = dict_.get(self.key, NO_VALUE)

        if self.dispatch.remove:
            self.fire_remove_event(state, dict_, old, self._remove_token)
        state._modified_event(dict_, self, old)

        existing = dict_.pop(self.key, NO_VALUE)
        if (
            existing is NO_VALUE
            and old is NO_VALUE
            and not state.expired
            and self.key not in state.expired_attributes
        ):
            raise AttributeError("%s object does not have a value" % self)

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        if self.key in dict_:
            return History.from_scalar_attribute(self, state, dict_[self.key])
        elif self.key in state.committed_state:
            return History.from_scalar_attribute(self, state, NO_VALUE)
        else:
            if passive & INIT_OK:
                passive ^= INIT_OK
            current = self.get(state, dict_, passive=passive)
            if current is PASSIVE_NO_RESULT:
                return HISTORY_BLANK
            else:
                return History.from_scalar_attribute(self, state, current)

    def set(
        self,
        state,
        dict_,
        value,
        initiator,
        passive=PASSIVE_OFF,
        check_old=None,
        pop=False,
    ):
        if self.dispatch._active_history:
            old = self.get(state, dict_, PASSIVE_RETURN_NO_VALUE)
        else:
            old = dict_.get(self.key, NO_VALUE)

        if self.dispatch.set:
            value = self.fire_replace_event(
                state, dict_, value, old, initiator
            )
        state._modified_event(dict_, self, old)
        dict_[self.key] = value

    def fire_replace_event(self, state, dict_, value, previous, initiator):
        for fn in self.dispatch.set:
            value = fn(
                state, value, previous, initiator or self._replace_token
            )
        return value

    def fire_remove_event(self, state, dict_, value, initiator):
        for fn in self.dispatch.remove:
            fn(state, value, initiator or self._remove_token)

    @property
    def type(self):
        self.property.columns[0].type


class ScalarObjectAttributeImpl(ScalarAttributeImpl):
    """represents a scalar-holding InstrumentedAttribute,
    where the target object is also instrumented.

    Adds events to delete/set operations.

    """

    default_accepts_scalar_loader = False
    uses_objects = True
    supports_population = True
    collection = False

    __slots__ = ()

    def delete(self, state, dict_):
        if self.dispatch._active_history:
            old = self.get(
                state,
                dict_,
                passive=PASSIVE_ONLY_PERSISTENT
                | NO_AUTOFLUSH
                | LOAD_AGAINST_COMMITTED,
            )
        else:
            old = self.get(
                state,
                dict_,
                passive=PASSIVE_NO_FETCH ^ INIT_OK
                | LOAD_AGAINST_COMMITTED
                | NO_RAISE,
            )

        self.fire_remove_event(state, dict_, old, self._remove_token)

        existing = dict_.pop(self.key, NO_VALUE)

        # if the attribute is expired, we currently have no way to tell
        # that an object-attribute was expired vs. not loaded.   So
        # for this test, we look to see if the object has a DB identity.
        if (
            existing is NO_VALUE
            and old is not PASSIVE_NO_RESULT
            and state.key is None
        ):
            raise AttributeError("%s object does not have a value" % self)

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        if self.key in dict_:
            return History.from_object_attribute(self, state, dict_[self.key])
        else:
            if passive & INIT_OK:
                passive ^= INIT_OK
            current = self.get(state, dict_, passive=passive)
            if current is PASSIVE_NO_RESULT:
                return HISTORY_BLANK
            else:
                return History.from_object_attribute(self, state, current)

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        if self.key in dict_:
            current = dict_[self.key]
        elif passive & CALLABLES_OK:
            current = self.get(state, dict_, passive=passive)
        else:
            return []

        # can't use __hash__(), can't use __eq__() here
        if (
            current is not None
            and current is not PASSIVE_NO_RESULT
            and current is not NO_VALUE
        ):
            ret = [(instance_state(current), current)]
        else:
            ret = [(None, None)]

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

                ret.append((instance_state(original), original))
        return ret

    def set(
        self,
        state,
        dict_,
        value,
        initiator,
        passive=PASSIVE_OFF,
        check_old=None,
        pop=False,
    ):
        """Set a value on the given InstanceState."""
        if self.dispatch._active_history:
            old = self.get(
                state,
                dict_,
                passive=PASSIVE_ONLY_PERSISTENT
                | NO_AUTOFLUSH
                | LOAD_AGAINST_COMMITTED,
            )
        else:
            old = self.get(
                state,
                dict_,
                passive=PASSIVE_NO_FETCH ^ INIT_OK
                | LOAD_AGAINST_COMMITTED
                | NO_RAISE,
            )

        if (
            check_old is not None
            and old is not PASSIVE_NO_RESULT
            and check_old is not old
        ):
            if pop:
                return
            else:
                raise ValueError(
                    "Object %s not associated with %s on attribute '%s'"
                    % (instance_str(check_old), state_str(state), self.key)
                )

        value = self.fire_replace_event(state, dict_, value, old, initiator)
        dict_[self.key] = value

    def fire_remove_event(self, state, dict_, value, initiator):
        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, False)

        for fn in self.dispatch.remove:
            fn(state, value, initiator or self._remove_token)

        state._modified_event(dict_, self, value)

    def fire_replace_event(self, state, dict_, value, previous, initiator):
        if self.trackparent:
            if previous is not value and previous not in (
                None,
                PASSIVE_NO_RESULT,
                NO_VALUE,
            ):
                self.sethasparent(instance_state(previous), state, False)

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

        state._modified_event(dict_, self, previous)

        if self.trackparent:
            if value is not None:
                self.sethasparent(instance_state(value), state, True)

        return value


class CollectionAttributeImpl(AttributeImpl):
    """A collection-holding attribute that instruments changes in membership.

    Only handles collections of instrumented objects.

    InstrumentedCollectionAttribute holds an arbitrary, user-specified
    container object (defaulting to a list) and brokers access to the
    CollectionAdapter, a "view" onto that object that presents consistent bag
    semantics to the orm layer independent of the user data implementation.

    """

    default_accepts_scalar_loader = False
    uses_objects = True
    supports_population = True
    collection = True
    dynamic = False

    __slots__ = (
        "copy",
        "collection_factory",
        "_append_token",
        "_remove_token",
        "_bulk_replace_token",
        "_duck_typed_as",
    )

    def __init__(
        self,
        class_,
        key,
        callable_,
        dispatch,
        typecallable=None,
        trackparent=False,
        copy_function=None,
        compare_function=None,
        **kwargs
    ):
        super(CollectionAttributeImpl, self).__init__(
            class_,
            key,
            callable_,
            dispatch,
            trackparent=trackparent,
            compare_function=compare_function,
            **kwargs
        )

        if copy_function is None:
            copy_function = self.__copy
        self.copy = copy_function
        self.collection_factory = typecallable
        self._append_token = Event(self, OP_APPEND)
        self._remove_token = Event(self, OP_REMOVE)
        self._bulk_replace_token = Event(self, OP_BULK_REPLACE)
        self._duck_typed_as = util.duck_type_collection(
            self.collection_factory()
        )

        if getattr(self.collection_factory, "_sa_linker", None):

            @event.listens_for(self, "init_collection")
            def link(target, collection, collection_adapter):
                collection._sa_linker(collection_adapter)

            @event.listens_for(self, "dispose_collection")
            def unlink(target, collection, collection_adapter):
                collection._sa_linker(None)

    def __copy(self, item):
        return [y for y in collections.collection_adapter(item)]

    def get_history(self, state, dict_, passive=PASSIVE_OFF):
        current = self.get(state, dict_, passive=passive)
        if current is PASSIVE_NO_RESULT:
            return HISTORY_BLANK
        else:
            return History.from_collection(self, state, current)

    def get_all_pending(self, state, dict_, passive=PASSIVE_NO_INITIALIZE):
        # NOTE: passive is ignored here at the moment

        if self.key not in dict_:
            return []

        current = dict_[self.key]
        current = getattr(current, "_sa_adapter")

        if self.key in state.committed_state:
            original = state.committed_state[self.key]
            if original is not NO_VALUE:
                current_states = [
                    ((c is not None) and instance_state(c) or None, c)
                    for c in current
                ]
                original_states = [
                    ((c is not None) and instance_state(c) or None, c)
                    for c in original
                ]

                current_set = dict(current_states)
                original_set = dict(original_states)

                return (
                    [
                        (s, o)
                        for s, o in current_states
                        if s not in original_set
                    ]
                    + [(s, o) for s, o in current_states if s in original_set]
                    + [
                        (s, o)
                        for s, o in original_states
                        if s not in current_set
                    ]
                )

        return [(instance_state(o), o) for o in current]

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

        state._modified_event(dict_, self, NO_VALUE, True)

        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, True)

        return value

    def fire_append_wo_mutation_event(self, state, dict_, value, initiator):
        for fn in self.dispatch.append_wo_mutation:
            value = fn(state, value, initiator or self._append_token)

        return value

    def fire_pre_remove_event(self, state, dict_, initiator):
        """A special event used for pop() operations.

        The "remove" event needs to have the item to be removed passed to
        it, which in the case of pop from a set, we don't have a way to access
        the item before the operation.   the event is used for all pop()
        operations (even though set.pop is the one where it is really needed).

        """
        state._modified_event(dict_, self, NO_VALUE, True)

    def fire_remove_event(self, state, dict_, value, initiator):
        if self.trackparent and value is not None:
            self.sethasparent(instance_state(value), state, False)

        for fn in self.dispatch.remove:
            fn(state, value, initiator or self._remove_token)

        state._modified_event(dict_, self, NO_VALUE, True)

    def delete(self, state, dict_):
        if self.key not in dict_:
            return

        state._modified_event(dict_, self, NO_VALUE, True)

        collection = self.get_collection(state, state.dict)
        collection.clear_with_event()

        # key is always present because we checked above.  e.g.
        # del is a no-op if collection not present.
        del dict_[self.key]

    def _default_value(self, state, dict_):
        """Produce an empty collection for an un-initialized attribute"""

        assert self.key not in dict_, (
            "_default_value should only be invoked for an "
            "uninitialized or expired attribute"
        )

        if self.key in state._empty_collections:
            return state._empty_collections[self.key]

        adapter, user_data = self._initialize_collection(state)
        adapter._set_empty(user_data)
        return user_data

    def _initialize_collection(self, state):

        adapter, collection = state.manager.initialize_collection(
            self.key, state, self.collection_factory
        )

        self.dispatch.init_collection(state, collection, adapter)

        return adapter, collection

    def append(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        collection = self.get_collection(state, dict_, passive=passive)
        if collection is PASSIVE_NO_RESULT:
            value = self.fire_append_event(state, dict_, value, initiator)
            assert (
                self.key not in dict_
            ), "Collection was loaded during event handling."
            state._get_pending_mutation(self.key).append(value)
        else:
            collection.append_with_event(value, initiator)

    def remove(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        collection = self.get_collection(state, state.dict, passive=passive)
        if collection is PASSIVE_NO_RESULT:
            self.fire_remove_event(state, dict_, value, initiator)
            assert (
                self.key not in dict_
            ), "Collection was loaded during event handling."
            state._get_pending_mutation(self.key).remove(value)
        else:
            collection.remove_with_event(value, initiator)

    def pop(self, state, dict_, value, initiator, passive=PASSIVE_OFF):
        try:
            # TODO: better solution here would be to add
            # a "popper" role to collections.py to complement
            # "remover".
            self.remove(state, dict_, value, initiator, passive=passive)
        except (ValueError, KeyError, IndexError):
            pass

    def set(
        self,
        state,
        dict_,
        value,
        initiator=None,
        passive=PASSIVE_OFF,
        check_old=None,
        pop=False,
        _adapt=True,
    ):
        iterable = orig_iterable = value

        # pulling a new collection first so that an adaptation exception does
        # not trigger a lazy load of the old collection.
        new_collection, user_data = self._initialize_collection(state)
        if _adapt:
            if new_collection._converter is not None:
                iterable = new_collection._converter(iterable)
            else:
                setting_type = util.duck_type_collection(iterable)
                receiving_type = self._duck_typed_as

                if setting_type is not receiving_type:
                    given = (
                        iterable is None
                        and "None"
                        or iterable.__class__.__name__
                    )
                    wanted = self._duck_typed_as.__name__
                    raise TypeError(
                        "Incompatible collection type: %s is not %s-like"
                        % (given, wanted)
                    )

                # If the object is an adapted collection, return the (iterable)
                # adapter.
                if hasattr(iterable, "_sa_iterator"):
                    iterable = iterable._sa_iterator()
                elif setting_type is dict:
                    if util.py3k:
                        iterable = iterable.values()
                    else:
                        iterable = getattr(
                            iterable, "itervalues", iterable.values
                        )()
                else:
                    iterable = iter(iterable)
        new_values = list(iterable)

        evt = self._bulk_replace_token

        self.dispatch.bulk_replace(state, new_values, evt)

        old = self.get(state, dict_, passive=PASSIVE_ONLY_PERSISTENT)
        if old is PASSIVE_NO_RESULT:
            old = self._default_value(state, dict_)
        elif old is orig_iterable:
            # ignore re-assignment of the current collection, as happens
            # implicitly with in-place operators (foo.collection |= other)
            return

        # place a copy of "old" in state.committed_state
        state._modified_event(dict_, self, old, True)

        old_collection = old._sa_adapter

        dict_[self.key] = user_data

        collections.bulk_replace(
            new_values, old_collection, new_collection, initiator=evt
        )

        self._dispose_previous_collection(state, old, old_collection, True)

    def _dispose_previous_collection(
        self, state, collection, adapter, fire_event
    ):
        del collection._sa_adapter

        # discarding old collection make sure it is not referenced in empty
        # collections.
        state._empty_collections.pop(self.key, None)
        if fire_event:
            self.dispatch.dispose_collection(state, collection, adapter)

    def _invalidate_collection(self, collection):
        adapter = getattr(collection, "_sa_adapter")
        adapter.invalidated = True

    def set_committed_value(self, state, dict_, value):
        """Set an attribute value on the given instance and 'commit' it."""

        collection, user_data = self._initialize_collection(state)

        if value:
            collection.append_multiple_without_event(value)

        state.dict[self.key] = user_data

        state._commit(dict_, [self.key])

        if self.key in state._pending_mutations:
            # pending items exist.  issue a modified event,
            # add/remove new items.
            state._modified_event(dict_, self, user_data, True)

            pending = state._pending_mutations.pop(self.key)
            added = pending.added_items
            removed = pending.deleted_items
            for item in added:
                collection.append_without_event(item)
            for item in removed:
                collection.remove_without_event(item)

        return user_data

    def get_collection(
        self, state, dict_, user_data=None, passive=PASSIVE_OFF
    ):
        """Retrieve the CollectionAdapter associated with the given state.

        if user_data is None, retrieves it from the state using normal
        "get()" rules, which will fire lazy callables or return the "empty"
        collection value.

        """
        if user_data is None:
            user_data = self.get(state, dict_, passive=passive)
            if user_data is PASSIVE_NO_RESULT:
                return user_data

        return user_data._sa_adapter


def backref_listeners(attribute, key, uselist):
    """Apply listeners to synchronize a two-way relationship."""

    # use easily recognizable names for stack traces.

    # in the sections marked "tokens to test for a recursive loop",
    # this is somewhat brittle and very performance-sensitive logic
    # that is specific to how we might arrive at each event.  a marker
    # that can target us directly to arguments being invoked against
    # the impl might be simpler, but could interfere with other systems.

    parent_token = attribute.impl.parent_token
    parent_impl = attribute.impl

    def _acceptable_key_err(child_state, initiator, child_impl):
        raise ValueError(
            "Bidirectional attribute conflict detected: "
            'Passing object %s to attribute "%s" '
            'triggers a modify event on attribute "%s" '
            'via the backref "%s".'
            % (
                state_str(child_state),
                initiator.parent_token,
                child_impl.parent_token,
                attribute.impl.parent_token,
            )
        )

    def emit_backref_from_scalar_set_event(state, child, oldchild, initiator):
        if oldchild is child:
            return child
        if (
            oldchild is not None
            and oldchild is not PASSIVE_NO_RESULT
            and oldchild is not NO_VALUE
        ):
            # With lazy=None, there's no guarantee that the full collection is
            # present when updating via a backref.
            old_state, old_dict = (
                instance_state(oldchild),
                instance_dict(oldchild),
            )
            impl = old_state.manager[key].impl

            # tokens to test for a recursive loop.
            if not impl.collection and not impl.dynamic:
                check_recursive_token = impl._replace_token
            else:
                check_recursive_token = impl._remove_token

            if initiator is not check_recursive_token:
                impl.pop(
                    old_state,
                    old_dict,
                    state.obj(),
                    parent_impl._append_token,
                    passive=PASSIVE_NO_FETCH,
                )

        if child is not None:
            child_state, child_dict = (
                instance_state(child),
                instance_dict(child),
            )
            child_impl = child_state.manager[key].impl

            if (
                initiator.parent_token is not parent_token
                and initiator.parent_token is not child_impl.parent_token
            ):
                _acceptable_key_err(state, initiator, child_impl)

            # tokens to test for a recursive loop.
            check_append_token = child_impl._append_token
            check_bulk_replace_token = (
                child_impl._bulk_replace_token
                if child_impl.collection
                else None
            )

            if (
                initiator is not check_append_token
                and initiator is not check_bulk_replace_token
            ):
                child_impl.append(
                    child_state,
                    child_dict,
                    state.obj(),
                    initiator,
                    passive=PASSIVE_NO_FETCH,
                )
        return child

    def emit_backref_from_collection_append_event(state, child, initiator):
        if child is None:
            return

        child_state, child_dict = instance_state(child), instance_dict(child)
        child_impl = child_state.manager[key].impl

        if (
            initiator.parent_token is not parent_token
            and initiator.parent_token is not child_impl.parent_token
        ):
            _acceptable_key_err(state, initiator, child_impl)

        # tokens to test for a recursive loop.
        check_append_token = child_impl._append_token
        check_bulk_replace_token = (
            child_impl._bulk_replace_token if child_impl.collection else None
        )

        if (
            initiator is not check_append_token
            and initiator is not check_bulk_replace_token
        ):
            child_impl.append(
                child_state,
                child_dict,
                state.obj(),
                initiator,
                passive=PASSIVE_NO_FETCH,
            )
        return child

    def emit_backref_from_collection_remove_event(state, child, initiator):
        if (
            child is not None
            and child is not PASSIVE_NO_RESULT
            and child is not NO_VALUE
        ):
            child_state, child_dict = (
                instance_state(child),
                instance_dict(child),
            )
            child_impl = child_state.manager[key].impl

            # tokens to test for a recursive loop.
            if not child_impl.collection and not child_impl.dynamic:
                check_remove_token = child_impl._remove_token
                check_replace_token = child_impl._replace_token
                check_for_dupes_on_remove = uselist and not parent_impl.dynamic
            else:
                check_remove_token = child_impl._remove_token
                check_replace_token = (
                    child_impl._bulk_replace_token
                    if child_impl.collection
                    else None
                )
                check_for_dupes_on_remove = False

            if (
                initiator is not check_remove_token
                and initiator is not check_replace_token
            ):

                if not check_for_dupes_on_remove or not util.has_dupes(
                    # when this event is called, the item is usually
                    # present in the list, except for a pop() operation.
                    state.dict[parent_impl.key],
                    child,
                ):
                    child_impl.pop(
                        child_state,
                        child_dict,
                        state.obj(),
                        initiator,
                        passive=PASSIVE_NO_FETCH,
                    )

    if uselist:
        event.listen(
            attribute,
            "append",
            emit_backref_from_collection_append_event,
            retval=True,
            raw=True,
        )
    else:
        event.listen(
            attribute,
            "set",
            emit_backref_from_scalar_set_event,
            retval=True,
            raw=True,
        )
    # TODO: need coverage in test/orm/ of remove event
    event.listen(
        attribute,
        "remove",
        emit_backref_from_collection_remove_event,
        retval=True,
        raw=True,
    )


_NO_HISTORY = util.symbol("NO_HISTORY")
_NO_STATE_SYMBOLS = frozenset([id(PASSIVE_NO_RESULT), id(NO_VALUE)])


class History(util.namedtuple("History", ["added", "unchanged", "deleted"])):
    """A 3-tuple of added, unchanged and deleted values,
    representing the changes which have occurred on an instrumented
    attribute.

    The easiest way to get a :class:`.History` object for a particular
    attribute on an object is to use the :func:`_sa.inspect` function::

        from sqlalchemy import inspect

        hist = inspect(myobject).attrs.myattribute.history

    Each tuple member is an iterable sequence:

    * ``added`` - the collection of items added to the attribute (the first
      tuple element).

    * ``unchanged`` - the collection of items that have not changed on the
      attribute (the second tuple element).

    * ``deleted`` - the collection of items that have been removed from the
      attribute (the third tuple element).

    """

    def __bool__(self):
        return self != HISTORY_BLANK

    __nonzero__ = __bool__

    def empty(self):
        """Return True if this :class:`.History` has no changes
        and no existing, unchanged state.

        """

        return not bool((self.added or self.deleted) or self.unchanged)

    def sum(self):
        """Return a collection of added + unchanged + deleted."""

        return (
            (self.added or []) + (self.unchanged or []) + (self.deleted or [])
        )

    def non_deleted(self):
        """Return a collection of added + unchanged."""

        return (self.added or []) + (self.unchanged or [])

    def non_added(self):
        """Return a collection of unchanged + deleted."""

        return (self.unchanged or []) + (self.deleted or [])

    def has_changes(self):
        """Return True if this :class:`.History` has changes."""

        return bool(self.added or self.deleted)

    def as_state(self):
        return History(
            [
                (c is not None) and instance_state(c) or None
                for c in self.added
            ],
            [
                (c is not None) and instance_state(c) or None
                for c in self.unchanged
            ],
            [
                (c is not None) and instance_state(c) or None
                for c in self.deleted
            ],
        )

    @classmethod
    def from_scalar_attribute(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)

        if original is _NO_HISTORY:
            if current is NO_VALUE:
                return cls((), (), ())
            else:
                return cls((), [current], ())
        # don't let ClauseElement expressions here trip things up
        elif (
            current is not NO_VALUE
            and attribute.is_equal(current, original) is True
        ):
            return cls((), [current], ())
        else:
            # current convention on native scalars is to not
            # include information
            # about missing previous value in "deleted", but
            # we do include None, which helps in some primary
            # key situations
            if id(original) in _NO_STATE_SYMBOLS:
                deleted = ()
                # indicate a "del" operation occurred when we don't have
                # the previous value as: ([None], (), ())
                if id(current) in _NO_STATE_SYMBOLS:
                    current = None
            else:
                deleted = [original]
            if current is NO_VALUE:
                return cls((), (), deleted)
            else:
                return cls([current], (), deleted)

    @classmethod
    def from_object_attribute(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)

        if original is _NO_HISTORY:
            if current is NO_VALUE:
                return cls((), (), ())
            else:
                return cls((), [current], ())
        elif current is original and current is not NO_VALUE:
            return cls((), [current], ())
        else:
            # current convention on related objects is to not
            # include information
            # about missing previous value in "deleted", and
            # to also not include None - the dependency.py rules
            # ignore the None in any case.
            if id(original) in _NO_STATE_SYMBOLS or original is None:
                deleted = ()
                # indicate a "del" operation occurred when we don't have
                # the previous value as: ([None], (), ())
                if id(current) in _NO_STATE_SYMBOLS:
                    current = None
            else:
                deleted = [original]
            if current is NO_VALUE:
                return cls((), (), deleted)
            else:
                return cls([current], (), deleted)

    @classmethod
    def from_collection(cls, attribute, state, current):
        original = state.committed_state.get(attribute.key, _NO_HISTORY)
        if current is NO_VALUE:
            return cls((), (), ())

        current = getattr(current, "_sa_adapter")
        if original is NO_VALUE:
            return cls(list(current), (), ())
        elif original is _NO_HISTORY:
            return cls((), list(current), ())
        else:

            current_states = [
                ((c is not None) and instance_state(c) or None, c)
                for c in current
            ]
            original_states = [
                ((c is not None) and instance_state(c) or None, c)
                for c in original
            ]

            current_set = dict(current_states)
            original_set = dict(original_states)

            return cls(
                [o for s, o in current_states if s not in original_set],
                [o for s, o in current_states if s in original_set],
                [o for s, o in original_states if s not in current_set],
            )


HISTORY_BLANK = History(None, None, None)


def get_history(obj, key, passive=PASSIVE_OFF):
    """Return a :class:`.History` record for the given object
    and attribute key.

    This is the **pre-flush** history for a given attribute, which is
    reset each time the :class:`.Session` flushes changes to the
    current database transaction.

    .. note::

        Prefer to use the :attr:`.AttributeState.history` and
        :meth:`.AttributeState.load_history` accessors to retrieve the
        :class:`.History` for instance attributes.


    :param obj: an object whose class is instrumented by the
      attributes package.

    :param key: string attribute name.

    :param passive: indicates loading behavior for the attribute
       if the value is not already present.   This is a
       bitflag attribute, which defaults to the symbol
       :attr:`.PASSIVE_OFF` indicating all necessary SQL
       should be emitted.

    .. seealso::

        :attr:`.AttributeState.history`

        :meth:`.AttributeState.load_history` - retrieve history
        using loader callables if the value is not locally present.

    """

    return get_state_history(instance_state(obj), key, passive)


def get_state_history(state, key, passive=PASSIVE_OFF):
    return state.get_history(key, passive)


def has_parent(cls, obj, key, optimistic=False):
    """TODO"""
    manager = manager_of_class(cls)
    state = instance_state(obj)
    return manager.has_parent(state, key, optimistic)


def register_attribute(class_, key, **kw):
    comparator = kw.pop("comparator", None)
    parententity = kw.pop("parententity", None)
    doc = kw.pop("doc", None)
    desc = register_descriptor(class_, key, comparator, parententity, doc=doc)
    register_attribute_impl(class_, key, **kw)
    return desc


def register_attribute_impl(
    class_,
    key,
    uselist=False,
    callable_=None,
    useobject=False,
    impl_class=None,
    backref=None,
    **kw
):

    manager = manager_of_class(class_)
    if uselist:
        factory = kw.pop("typecallable", None)
        typecallable = manager.instrument_collection_class(
            key, factory or list
        )
    else:
        typecallable = kw.pop("typecallable", None)

    dispatch = manager[key].dispatch

    if impl_class:
        impl = impl_class(class_, key, typecallable, dispatch, **kw)
    elif uselist:
        impl = CollectionAttributeImpl(
            class_, key, callable_, dispatch, typecallable=typecallable, **kw
        )
    elif useobject:
        impl = ScalarObjectAttributeImpl(
            class_, key, callable_, dispatch, **kw
        )
    else:
        impl = ScalarAttributeImpl(class_, key, callable_, dispatch, **kw)

    manager[key].impl = impl

    if backref:
        backref_listeners(manager[key], backref, uselist)

    manager.post_configure_attribute(key)
    return manager[key]


def register_descriptor(
    class_, key, comparator=None, parententity=None, doc=None
):
    manager = manager_of_class(class_)

    descriptor = InstrumentedAttribute(
        class_, key, comparator=comparator, parententity=parententity
    )

    descriptor.__doc__ = doc

    manager.instrument_attribute(key, descriptor)
    return descriptor


def unregister_attribute(class_, key):
    manager_of_class(class_).uninstrument_attribute(key)


def init_collection(obj, key):
    """Initialize a collection attribute and return the collection adapter.

    This function is used to provide direct access to collection internals
    for a previously unloaded attribute.  e.g.::

        collection_adapter = init_collection(someobject, 'elements')
        for elem in values:
            collection_adapter.append_without_event(elem)

    For an easier way to do the above, see
    :func:`~sqlalchemy.orm.attributes.set_committed_value`.

    :param obj: a mapped object

    :param key: string attribute name where the collection is located.

    """
    state = instance_state(obj)
    dict_ = state.dict
    return init_state_collection(state, dict_, key)


def init_state_collection(state, dict_, key):
    """Initialize a collection attribute and return the collection adapter.

    Discards any existing collection which may be there.

    """
    attr = state.manager[key].impl

    old = dict_.pop(key, None)  # discard old collection
    if old is not None:
        old_collection = old._sa_adapter
        attr._dispose_previous_collection(state, old, old_collection, False)

    user_data = attr._default_value(state, dict_)
    adapter = attr.get_collection(state, dict_, user_data)
    adapter._reset_empty()

    return adapter


def set_committed_value(instance, key, value):
    """Set the value of an attribute with no history events.

    Cancels any previous history present.  The value should be
    a scalar value for scalar-holding attributes, or
    an iterable for any collection-holding attribute.

    This is the same underlying method used when a lazy loader
    fires off and loads additional data from the database.
    In particular, this method can be used by application code
    which has loaded additional attributes or collections through
    separate queries, which can then be attached to an instance
    as though it were part of its original loaded state.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.set_committed_value(state, dict_, value)


def set_attribute(instance, key, value, initiator=None):
    """Set the value of an attribute, firing history events.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to establish attribute state as understood
    by SQLAlchemy.

    :param instance: the object that will be modified

    :param key: string name of the attribute

    :param value: value to assign

    :param initiator: an instance of :class:`.Event` that would have
     been propagated from a previous event listener.  This argument
     is used when the :func:`.set_attribute` function is being used within
     an existing event listening function where an :class:`.Event` object
     is being supplied; the object may be used to track the origin of the
     chain of events.

     .. versionadded:: 1.2.3

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.set(state, dict_, value, initiator)


def get_attribute(instance, key):
    """Get the value of an attribute, firing any callables required.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to make usage of attribute state as understood
    by SQLAlchemy.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    return state.manager[key].impl.get(state, dict_)


def del_attribute(instance, key):
    """Delete the value of an attribute, firing history events.

    This function may be used regardless of instrumentation
    applied directly to the class, i.e. no descriptors are required.
    Custom attribute management schemes will need to make usage
    of this method to establish attribute state as understood
    by SQLAlchemy.

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    state.manager[key].impl.delete(state, dict_)


def flag_modified(instance, key):
    """Mark an attribute on an instance as 'modified'.

    This sets the 'modified' flag on the instance and
    establishes an unconditional change event for the given attribute.
    The attribute must have a value present, else an
    :class:`.InvalidRequestError` is raised.

    To mark an object "dirty" without referring to any specific attribute
    so that it is considered within a flush, use the
    :func:`.attributes.flag_dirty` call.

    .. seealso::

        :func:`.attributes.flag_dirty`

    """
    state, dict_ = instance_state(instance), instance_dict(instance)
    impl = state.manager[key].impl
    impl.dispatch.modified(state, impl._modified_token)
    state._modified_event(dict_, impl, NO_VALUE, is_userland=True)


def flag_dirty(instance):
    """Mark an instance as 'dirty' without any specific attribute mentioned.

    This is a special operation that will allow the object to travel through
    the flush process for interception by events such as
    :meth:`.SessionEvents.before_flush`.   Note that no SQL will be emitted in
    the flush process for an object that has no changes, even if marked dirty
    via this method.  However, a :meth:`.SessionEvents.before_flush` handler
    will be able to see the object in the :attr:`.Session.dirty` collection and
    may establish changes on it, which will then be included in the SQL
    emitted.

    .. versionadded:: 1.2

    .. seealso::

        :func:`.attributes.flag_modified`

    """

    state, dict_ = instance_state(instance), instance_dict(instance)
    state._modified_event(dict_, None, NO_VALUE, is_userland=True)
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