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Why describe & validate RDF?

For producers

Developers can understand the contents they are going to produce
They can ensure they produce the expected structure
Advertise and document the structure

Generate interfaces
For consumers -
Understand the contents 9

Verify the structure before processing it
Query generation & optimization Producer =, Consumer

SlidefromShapes applications and totutorial by WESQResearclsroupat ISWC (2020).
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Understanding the problem

RDF flexibility

Mixed use of objects & literals

Example: :angie schema:creator "Keith Richards"” ;

schema:creator
Values of schema:creator can be: ca [ N
schema:firstName "Mick" ;

string or schema:Person schema:lastName "Jagger"
in the same data 1.

schema:creator\schema:creator

Keith Richards

Lots of examples at http://schema.org (“\1'“
Mick Jagger

SlidefromShapes applications and totutorial by WESQResearclsroupat ISWC (2020).
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Understanding the problem

Repeated properties
The same property can be used for different purposes in the same data
Example: A product must have 2 codes with different structure

:product schema:productID "isbn:123-456-789";
schema:productID "code456" .

A practical example from FHIR
See: http://hl7-fhir.github.io/observation-example-bloodpressure.ttl.html

SlidefromShapes applications and totutorial by WESQResearclsroupat ISWC (2020).
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Understanding the problem

Shapes # types

Nodes in RDF graphs can have zero, one or many rdf:type
declarations
One type can be used for multiple purposes (schema:Person)

Data doesn't need to be annotated with fully discriminating types
Nodes with type schema:Personcan also be customers, patients, etc...
Different meanings and different structure depending on the context
Different validation constraints at different contexts

SlidefromShapes applications and totutorial by WESQResearclsroupat ISWC (2020).
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Define SPARQL queries that detect errors

ASK {{ SELECT ?Person {
Pros: ?Person schema:name ?0 .
} GROUP BY ?Person HAVING (COUNT(*)=1)

Expressive }
Ubiquitous { SELECT ?Person {
?Person schema:name 20 .
Cons FILTER ( isLiteral(?o0) &&
. datatype(?0) = xsd:string )
Expressive } GROUP BY ?Person HAVING (COUNT(*)=1)
Idiomatic - many ways to encode }
) { SELECT ?Person (COUNT(*) AS ?cl) {
the same constraint ?Person schema:gender ?0 .

} GROUP BY ?Person HAVING (COUNT(*)=1)}

Example: SPARQL query to check that... { SELECT ?Person (COUNT(*) AS ?c2) {

?S schema:gender 20 .
There is one schema:name which mustbe a xsd:string and pg )
one schema:gender mustbe schema:Male or schema:Female FILTER ((?0 = schema:Female ||

?0 = schema:Male))
} GROUP BY ?Person HAVING (COUNT(*)=1)}
FILTER (?cl = ?c2)

SlidefromShapes applications and totutorial by WESOResearcksroupat ISWC (2020).
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USE OWNIRKERENCE

OWL targetstargetslogic modeling
and inferencingYouknowthat there
are contradictiondutwhere?

Annotations; AmericanaHotPizza

A

& CheesyPizza
@®DeepPanBase

@ MargheritaPizza
®NamedPizza

®Pizza

®PizzaBase

@ ProbelnconsistentTopping
@ SohoPizza

@ ThinAndCrispyBase
©VegetarianPizza

Annotations

comment
"A pizza only has Mozarella anc

2|\l Description: AmericanaHotPizza

Equivalent classes

@ Nothing

Sunerelaccec
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Data interchange: RDF
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USE OWNIRKERENCE

OWL targetstargetslogic modeling
and inferencingYouknowthat there
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ReasoningnderOpen World
Assumptiois tricky .
(it isa problenespeciallputsideof
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Other approaches

Dublin Core Application profiles (K. Coyle, T. Baker)
http://dublincore.org/documents/dc-dsp/

RDF Data Descriptions (Fischer et al)
http://ceur-ws.org/Vol-1330/paper-33.pdf

RDFUnit (D. Kontokostas)
http://aksw.org/Projects/RDFUnit.html
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NEEHOR AMNEHTWHIGHWEVEPPROAC

— schema:knows a owl:0bjectProperty ;
Ontology rdfs:domain schema:Person ;
rdfs:range schema:Person
Constraints A user must have only two properties: | <User> IRI { .
Differentlevels — RDF Validation| Schema:nameof value xsd:string schema:name xsd:string ;
schema:knows with an IRl value } schema:knows IRI

:alice schema:name "Alice";
Instance data
- schema:knows :bob .

Source:.E.LabraGayo et al.(2018), Validating RDE DajdMorgan &Claypool
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What 1s SHACL?

Shapes Constraint Language
W3C recommendation since July 2017

Allows RDF data to be validated against shapes
+ Data graph
+ Shapes graph

... and more (user-interface generation, inference,
SPARQL extensions, etc.)



https://www.ida.liu.se/~robke04/SHACLTutorial/Introduction%20to%20SHACL.pdf

Data Graph

Validation process

Apply targets to Filter some GCenerate validation reports
select focus nodes focus nodes based on constraints

¢
¢



https://www.ida.liu.se/~robke04/SHACLTutorial/Introduction%20to%20SHACL.pdf

Overview



https://www.ida.liu.se/~robke04/SHACLTutorial/Introduction%20to%20SHACL.pdf

Targets

Targets are applied to Node Shapes and specify the
nodes that are to be validated

Targets can be specified in several ways

+ targetClass — All instances of a class

» targetNode — Specific nodes

* targetObjectsOf — All object of a specific property

* targetSubjectsOf — All subjects of a specific property



https://www.ida.liu.se/~robke04/SHACLTutorial/Introduction%20to%20SHACL.pdf

Data graph

@prefix : <http://lexample.org/> .

@prefix sh: <http://www.w3.org/ns/shacl#> .

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .
@prefix schema <http://schema.org/> .

calice a :User ;

:‘bob

- carol

schema:name "Alice Cooper" ;
schema:email <mailto:alice@mail.org >,

a ‘User ;
schema:firstName "Bob":
schema:email <mailto:bob@mail.org >.

a ‘User ;
schema:name " Carol "
schema:email "carol@mail.org" .

It'sa set of RDFtriplesin a Turtld

We will explorethisexamplan a moment...

SHACIgraph

@prefix : <http://fexample.org/> .

@prefix sh: <http://lwww.w3.org/ns/shacl#> .
@prefix xsd:
@prefix schema <http://schema.org/> .

- UserShape a sh:NodeShape ;
shitargetNode :alice , :bob,: carol
sh:property [

sh:path schema:name ;
sh:minCount 1;
sh:maxCount 1;
sh:datatype  xsd:string
1
sh:property [
sh:path schema:email
sh:minCount 1;
sh:maxCount 1;
sh:nodeKind sh:lIRI

<http://www.w3.0rg/2001/XMLSchema#> .



SHACL Core Constraints

Type Constraints

Cardinality minCount, maxCount
Types of values class, datatype, nodeKind
Values node, in, hasValue
Range of values minInclusive, maxInclusive
minExclusive, maxExclusive
String based minLength, maxLength, pattern, s®€m, uniquelang
Logical constraints not, and, or, xone
Closed shapes closed, ignoredProperties
Property pair constraints equals, disjoint, lessThan, lessThanOrEquals
Non-validating constraints name, value, defaultValue
Qualified shapes qualifiedValueShape, qualifiedMinCount, qualifiedMaxCount

SlidefromIntroduction to SHAuUtorial by RobinKeskisarkka
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SHACL Core Constraints

Constraint on the number of value
nodes (i.e., individual focus
nodes) that satisfy the condition.

Cardinality minCount, maxCount
Types of values class, datatype, nodeKind
Values node, in, hasValue
Range of values minInclusive, maxInclusive
minExclusive, maxExclusive
String based minLength, maxLength, pattern, s®€m, uniquelang
Logical constraints not, and, or, xone
Closed shapes closed, ignoredProperties
Property pair constraints equals, disjoint, lessThan, lessThanOrEquals
Non-validating constraints name, value, defaultValue
Qualified shapes qualifiedValueShape, qualifiedMinCount, qualifiedMaxCount

SlidefromIntroduction to SHAuUtorial by RobinKeskisarkka


https://www.ida.liu.se/~robke04/SHACLTutorial/Introduction%20to%20SHACL.pdf

SHACL Core Constraints

Constraints that restrict the type

of value nodes.

Type Constraints
Cardinality minCount, maxCount
Types of values class, datatype, nodeKind
Values node, in, hasValue
Range of values minInclusive, maxInclusive
minExclusive, maxExclusive
String based minLength, maxLength, pattern, s®€m, uniquelang
Logical constraints not, and, or, xone
Closed shapes closed, ignoredProperties
Property pair constraints equals, disjoint, lessThan, lessThanOrEquals
Non-validating constraints name, value, defaultValue
Qualified shapes qualifiedValueShape, qualifiedMinCount, qualifiedMaxCount

SlidefromIntroduction to SHAuUtorial by RobinKeskisarkka
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SHACL Core Constraints

Specifies a value to which a value

node must conform.

Type Constraints
Cardinality minCount, maxCount
Types of values class, datatype, nodeKind
Values node, in, hasValue
Range of values minInclusive, maxInclusive
minExclusive, maxExclusive
String based minLength, maxLength, pattern, s®€m, uniquelang
Logical constraints not, and, or, xone
Closed shapes closed, ignoredProperties
Property pair constraints equals, disjoint, lessThan, lessThanOrEquals
Non-validating constraints name, value, defaultValue
Qualified shapes qualifiedValueShape, qualifiedMinCount, qualifiedMaxCount

SlidefromIntroduction to SHAuUtorial by RobinKeskisarkka
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SHACL Core Constraints

Constraints on value nodes

comparable using <, <=, > and >=.

Type Constraints
Cardinality minCount, maxCount
Types of values class, datatype, nodeKind
Values node, in, hasValue
Range of values minInclusive, maxInclusive
minExclusive, maxExclusive
String based minLength, maxLength, pattern, s®€m, uniquelang
Logical constraints not, and, or, xone
Closed shapes closed, ignoredProperties
Property pair constraints equals, disjoint, lessThan, lessThanOrEquals
Non-validating constraints name, value, defaultValue
Qualified shapes qualifiedValueShape, qualifiedMinCount, qualifiedMaxCount

SlidefromIntroduction to SHAuUtorial by RobinKeskisarkka
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SHACL Core Constraints

Constraints on the string

representation of value nodes.

Type Constraints
Cardinality minCount, maxCount
Types of values class, datatype, nodeKind
Values node, in, hasValue
Range of values minInclusive, maxInclusive
minExclusive, maxExclusive
String based minLength, maxLength, pattern, s®€m, uniquelang
Logical constraints not, and, or, xone
Closed shapes closed, ignoredProperties
Property pair constraints equals, disjoint, lessThan, lessThanOrEquals
Non-validating constraints name, value, defaultValue
Qualified shapes qualifiedValueShape, qualifiedMinCount, qualifiedMaxCount

SlidefromIntroduction to SHAuUtorial by RobinKeskisarkka
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SHACL Core Constraints

Logical operators and, or, not,
and exclusive or. These expect
shape constraints.

Type Constraints
Cardinality minCount, maxCount
Types of values class, datatype, nodeKind
Values node, in, hasValue
Range of values minInclusive, maxInclusive
minExclusive, maxExclusive
String based minLength, maxLength, pattern, s®m, uniquelang
_lgical constraints not, and, or, xone
Closed shapes closed, ignoredProperties
Property pair constraints equals, disjoint, lessThan, lessThanOrEquals
Non-validating constraints name, value, defaultValue
Qualified shapes qualifiedValueShape, qualifiedMinCount, qualifiedMaxCount

SlidefromIntroduction to SHAuUtorial by RobinKeskisarkka
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SHACL Core Constraints

ex:MagicPonyShape

ex:Twilight_Sparkle a sh:NodeShape ;
a ex:MagicPony ; sh:targetClass ex:MagicPony ;
ex:knows ex:Magic . sh:or (
[ sh:path ex:knows ;
ex:Rarity sh:hasValue ex:Magic ]
a ex:MagicPony ; [ sh:path ex:hasHorn ;
ex:hasHorn true . sh:hasValue true ]
)

SlidefromIntroduction to SHAuUtorial by RobinKeskisarkka
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SHACL Core Constraints

Limit the flexibility of RDF data model.
closed: Only properties listed in the shape are allowed.
ignoredProperties: Permitted in addition to listed ones.

Type Constraints

Cardinality minCount, maxCount
Types of values class, datatype, nodeKind
Values node, in, hasValue
Range of values minInclusive, maxInclusive
minExclusive, maxExclusive
String based minLength, maxLength, pattern, s®€m, uniquelang
Logical constraints not, and, or, xone
Closed shapes closed, ignor‘edPr‘operties I
Property pair constraints equals, disjoint, lessThan, lessThanOrEquals
Non-validating constraints name, value, defaultValue
Qualified shapes qualifiedValueShape, qualifiedMinCount, qualifiedMaxCount

SlidefromIntroduction to SHAuUtorial by RobinKeskisarkka
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SHACL Core Constraints

Conditions on value nodes in
relation to other properties. Can
only be used by property shapes.

Type Constraints
Cardinality minCount, maxCount
Types of values class, datatype, nodeKind
Values node, in, hasValue
Range of values minInclusive, maxInclusive
minExclusive, maxExclusive
String based minLength, maxLength, pattern, s®€m, uniquelang
Logical constraints not, and, or, xone
Closed shapes closed, ignoredProperties
Property pair constraints equals, disjoint, lessThan, lessThanOrEquals
Non-validating constraints name, value, defaultValue
Qualified shapes qualifiedValueShape, qualifiedMinCount, qualifiedMaxCount

SlidefromIntroduction to SHAuUtorial by RobinKeskisarkka
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SHACL Core Constraints

Non-validating properties are
optional and not validated by
default.

Type Constraints
Cardinality minCount, maxCount
Types of values class, datatype, nodeKind
Values node, in, hasValue
Range of values minInclusive, maxInclusive
minExclusive, maxExclusive
String based minLength, maxLength, pattern, s®€m, uniquelang
Logical constraints not, and, or, xone
Closed shapes closed, ignoredProperties
Property pair constraints equals, disjoint, lessThan, lessThanOrEquals
Non-validating constraints name, value, defaultValue [
Qualified shapes qualifiedValueShape, qualifiedMinCount, qualifiedMaxCount

SlidefromIntroduction to SHAuUtorial by RobinKeskisarkka
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SHACL Core Constraints

Specifies conditions about the
number of value nodes that conform
to the given shape.

Type Constraints
Cardinality minCount, maxCount
Types of values class, datatype, nodeKind
Values node, in, hasValue
Range of values minInclusive, maxInclusive
minExclusive, maxExclusive
String based minLength, maxLength, pattern, s®€m, uniquelang
Logical constraints not, and, or, xone
Closed shapes closed, ignoredProperties
Property pair constraints equals, disjoint, lessThan, lessThanOrEquals
Non-validating constraints name, value, defaultValue
Qualified shapes qualifiedValueShape, qualifiedMinCount, qualifiedMaxCount
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SPARQL
SHACL

SPARQL
SHACL

SPARQL
SHACL

SPARQL
SHACL

SPARQL
SHACL

Property paths

ex:parent
ex:parent

Nex:parent
[ sh:inversePath ex:parent ]

ex:parent/ex:firstName
( ex:parent ex:firstName )

rdf:type/rdfs:subClassOf*
( rdf:type [ sh:zeroOrMorePath rdfs:subClassOf ] )

ex:father|ex:mother
[ sh:alternativePath ( ex:father ex:mother ) ]
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SHACL IN USE

Tryit yourself

https://shaciplayground.zazuko.com/
(instantvalidatior)

https://rdfshape.weso.es/shaclValidate
(morepowerfu)

UseDatagraphand SHACgraphfrom thenextslideas
a startingpoint!

Where are Targetsand Constraint
How tofix errorsin the datagraph?

SHACIisfor humans
Defineyourownmessagewithsh:message

Definethe severityof eachconstraintvithsh:severityPossiblealues
sh:Infosh:Warningsh:Violatiorfdefauli)

Deactivatethe specifiacconstraintvithsh:deactivatedrue

Changethe definitionof the UserShapsothatit appliesto
All instancesf :Userclass
All subject®f schema:nanrelation

Separateboth PropertyShapestonamedRDFodes
Combinéothwithsh:and

Bothschema:namand schema:firstNanshoulde allowed
(but notat the sameime)


https://shacl-playground.zazuko.com/
https://rdfshape.weso.es/shaclValidate

Data graph

@prefix : <http://lexample.org/> .

@prefix sh: <http://www.w3.org/ns/shacl#> .

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .
@prefix schema <http://schema.org/> .

calice a :User ;

:‘bob

- carol

schema:name "Alice Cooper" ;
schema:email <mailto:alice@mail.org >,

a ‘User ;
schema:firstName "Bob":
schema:email <mailto:bob@mail.org >.

a ‘User ;
schema:name " Carol "
schema:email "carol@mail.org" .

SHACIgraph

@prefix : <http://fexample.org/> .
@prefix sh: <http://lwww.w3.org/ns/shacl#> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

@prefix schema <http://schema.org/> .

- UserShape a sh:NodeShape ;
shitargetNode :alice , :bob,: carol
sh:property [

sh:path schema:name ;
sh:minCount 1;
sh:maxCount 1;
sh:datatype  xsd:string
1
sh:property [
sh:path schema:email
sh:minCount 1;
sh:maxCount 1;
sh:nodeKind sh:lIRI
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WESO
Several common features...

Similar goal: describe and validate RDF graphs
Both employ the word "shape"

Node constraints similar in both languages
Constraints on incoming/outgoing arcs

Both allow to define cardinalities

Both have RDF syntax

Both have an extension mechanism

SlidefromShapes applications and totutorial by WESQResearclsroupat ISWC (2020).
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But some differences...

Underlying philosophy
Syntactic differences
Notion of a shape
Syntactic differences
Default cardinalities
Shapes and Classes
Recursion

Repeated properties
Property pair constraints
Uniqueness

Extension mechanism

WESO

SlidefromShapes applications and totutorial by WESQResearclsroupat ISWC (2020).


http://www.validatingrdf.com/tutorial/iswc2020/

RDF vocabulary

ShEx vocabulary = abstract syntax SHACL designed as an RDF vocabulary

ShEx RDF vocabulary obtained from abstract

Some rdf:type declarations can be omitted
syntax

SHACL RDF serialization typically more readable
ShEx RDF serializations typically more verbose

They can be round-tripped to Compact syntax

:User a sx:Shape;
sx:expression [ a sx:EachOf ;

:User a sh:NodeShape ;
sh:property [ sh:path schema:name ;
sx:expressions ( sh:minCount 1; sh:maxCount 1;

[ @ sx:TripleConstraint ; sh:datatype xsd:string
sx:predicate schema:name ; 15

sx:valueExpr [ a sx:NodeConstraint ;

sh:property [ sh:path schema:birthDate ;
sx:datatype xsd:string ]

sh:maxCount 1;

] sh:datatype xsd:date
[ @ sx:TripleConstraint ; 1 e

sx:predicate schema:birthDate ;
sx:valueExpr [ a sx:NodeConstraint ;
sx:datatype xsd:date ] ;
sx:min ©

1)

SlidefromShapes applications and totutorial by WESQResearclsroupat ISWC (2020).
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Inference

ShEx doesn't mess with inference

Validation can be invoked before or after
inference

rdf:type is considered an arc as any other

No special meaning

The same for rdfs:Class, rdfs:subClassOf,
rdfs:domain, rdfs:range, ...

Some constructs have special meaning

The following constructs have special
meaning in SHACL
rdf:type
rdfs:Class
rdfs:subClassOf
owl:imports
Other constructs like rdfs:domain,
rdfs:range,... have no special meaning

sh:entailment can be used to indicate that
some inference is required

SlidefromShapes applications and totutorial by WESQResearclsroupat ISWC (2020).
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Notion of Shape

In ShEx, shapes only define structure of nodes In SHACL, shapes define structure and can
have target declarations

Shape maps select which nodes are Shapes can be associated with nodes or sets of
validated with which shapes nodes through target declarations
Goal: separation of concerns Shapes may be less reusable in other contexts
Shape Shape
:User IRI {

:User a sh:NodeShape, rdfs:Class ;
sh:targetClass :Person ;

} sh:targetNode :alice ;

sh:nodeKind sh:IRI ;

 target
declarations

schema:name xsd:string

Shape map sh:property [
:alice@:User‘, Sh;path schema:name ; - structure
{FOCUS rdf:type :Person}@:User sh:datatype xsd:string

]

SlidefromShapes applications and totutorial by WESQResearclsroupat ISWC (2020).
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Validation report

ShEx 2.0 defines a result shape map SHACL defines a validation report
It contains both positive and negative Describes only the structure of errors
node/shape associations Some properties can be used to control
It doesn't specify the structure of errors which information is shown
sh:message
sh:severity

SlidefromShapes applications and totutorial by WESQResearclsroupat ISWC (2020).
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Underlying philosophy

ShEx is more schema based

Shapes = grammars

More focus on validation results
Result shape maps

Info about conforming and non-
conforming nodes

SHACL is more constraint based
Shapes = collections of constraints
More focus on validation errors

No info about conforming nodes

Difficult to distinguish between conforming nodes
and nodes that have been ignored

Some implementations offer info about conforming
nodes: SHACL-S, TopBraid

SlidefromShapes applications and totutorial by WESQResearclsroupat ISWC (2020).
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0 We need some unified standard for graphs validatio
0 . SPARQL gueries an®t designed to do it

0 RDFS has limited power
0

OWL islogic and inferenceoriented (and is difficult
to understand outside academia)

SUMMARY

0 New solutiorShEx(2013) andSHACL(2017):
0 Define constraints and get the validation report
0 Use native RDF syntax (SHACL)
0 Easy to understand and maintain
0 Lightweight solution (no inference; just check the triples)
0 Used in many industry projects




THANK YOU FOR
YOUR ATTENTION!

GEISTResearclsroup https://geist.re/

KrzysztofKutt https://krzysztof.kutt.pl/

Thiswvorkislicensedindera Creative Commons
AttributionShareAlike 4.0 International License




