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RDF graphs

RDF = resource description framework

:London

schema:birthPlace

Lingua franca of Semantic Web
Triples: (subject, predicate, object) -

Predicates = URIs <chema:author
Interoperability

schema:birthDate

] . » :Spain
:item23 schema:knows schema:birthPlace D

schema:name

:related schema:name

item25 |__LeamingSPARQL" |
schema:name

Try it: https://rdfshape.weso.es/link/17089394117



https://rdfshape.weso.es/link/17089394117

RDF syntaxes

One data model, several syntaxes: Turtle, N-Triples, JSON-LD, ...

Turtle
prefix : <http://example.org/>
prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> :London
prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> schema:birthPlace
prefix schema: <http://schema.org/>
:item23 schema:name "Weaving the web" ; TimBL schema:name
schema:author :timbl ; .
-related sitem24, :item25 schema:author schema:birthDate
:timbl schema:name "Tim Berners-Lee" ;

schema

schema:

schema

01 schema:
:name "Validating RDF data"
:item25 schema:

Titem24 schema

:birthDate "1955-06-08"~"xsd:date ;
birthPlace :london ;
:knows 1

birthPlace :Spain

name "Learning SPARQL"

Jitem?23 schema:knows

»
»-

:Spain

schema:birthPlace

schema:name

related schema:name

schema:name

related

Try it: https://rdfshape.weso.es/link/17089394117
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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

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

SPARQL
endpoint




Schemas for RDF?

RDF doesn’t impose a schema, but...
In practice, there are implicit schemas

Assumed by producers and consumers@
Shapes make schemas explicit >

Handle malformed/incomplete data D

Avoid defensive programming % W

Producer Consumer




Focus discussions on what matters

Initial motivation: clinical data models (FHIR)

P
Distributed data model 8
Different location, authorities,...
Extensible data models

Help domain experts define their own data models
Understandable by domain experts
...and machine processable



https://www.hl7.org/fhir/

What is a shape?

:TimBL

schema:author

A shape describes
The form of a node
Incoming/outgoing arcs from a node

:related
Values associated with those arcs

sitem24
:item25
RDF Node ShEx
:Book IRI and {

:item23 schema:author :timbl ; schema:author @:Author + ;
schema:name  "Weaving the web" ; »] schema:name  xsd:string ;
:related ;item24 , :item25 . :related @:Book *

}

https://rdfshape.weso.es/link/17089392604
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Evolution of ShEx
2013 RDF Validation Workshop

Conclusions of the workshop:
...need of a higher level, concise language for RDF Validation

ShEx initially proposed (v 1.0)
2014 W3C Data Shapes WG chartered
2017 ShEx 2.0 released as W3C Community group draft
2017 SHACL accepted as W3C recommendation
2019 ShEx 2.1 added support for imports
2019 ShEx adopted by Wikidata
2022 Added support for extends
2024 IEEE ShEX (work in progress)



Shape Expressions - ShEXx

Goal: Concise and human-readable language

3 syntaxes:

S
S
S

NEXC: Compact syntax, similar to Turtle or SPARQL
nExJ: JSON(-LD), for the spec

hExR: RDF, based on JSON-LD

Note: Round tripping is possible, convert from one to the other

Semantics inspired by regular expressions



ShEx libraries and demos HE X

Implementations & libraries: Online demos & playgrounds

shex.js: Javascript ShEx-simple

Jena-ShEx: Java RDFShape

SHaclEX: Scala (Jena/RDF4;)) Wikishape

PyShEx: Python ShEx-Java

shex-java: Java ShExValidata

Ruby-ShEx: Ruby

RDF-Elixir: Elixir

rudof: Rust #

More info: http://shex.io
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http://shexjava.lille.inria.fr/
https://www.w3.org/2015/03/ShExValidata/
http://shex.io/

Simple example

Prefix declarations || prefix : <http://example.org/>
as in Turtle/SPARQL prefix xsd: <http://www.w3.org/2001/XMLSchema#>
prefix schema: <http://schema.org/>

:Book IRI AND {
schema:name xsd:string 5
:related @:Book *

}

Nodes conforming to :Book must

* Be 1rIs and

* Have property schema:name With a value of type xsd:string (exactly one)
 Have property :related with values conforming to :Book (zero or more)



RDF Validation using ShEx

RDF Data
Schema ‘a  :name "Title A" ;
:Book IRI AND { :related :b
:name xsd:string ; :b  :related :a ;
:related @:Book * :hame "Title B".
} :C  :hame "Title C1", "Title C2"
:d  :name 234 .
Shape map :e :namme "Title E"
ra@:Book f  :name "Title F" ;
:b@:Book, v :related :a, _
:c@:Book,, x _:1 :name "Unknown title"
:d@:Book, x
:e@:Book, x
:f@:Book x

Try it (RDFShape)

Try it (Simple ShExDemo)

A

SH



https://goo.gl/cnpXiZ
https://rdfshape.weso.es/link/17089403829
https://rawgit.com/shexSpec/shex.js/master/packages/shex-webapp/doc/shex-simple.html?schema=prefix%20%3A%20%20%20%20%20%20%20%3Chttp%3A%2F%2Fexample.org%2F%3E%0Aprefix%20xsd%3A%20%20%20%20%3Chttp%3A%2F%2Fwww.w3.org%2F2001%2FXMLSchema%23%3E%0Aprefix%20schema%3A%20%3Chttp%3A%2F%2Fschema.org%2F%3E%0A%0A%3ABook%20IRI%20and%20%7B%0A%20%3Aname%20%20%20xsd%3Astring%20%20%20%3B%0A%20%3Arelated%20%20%20%20%20%20%40%3ABook%20%20%20%20%20*%0A%7D&data=prefix%20%3A%20%20%20%20%20%20%20%3Chttp%3A%2F%2Fexample.org%2F%3E%0Aprefix%20xsd%3A%20%20%20%20%3Chttp%3A%2F%2Fwww.w3.org%2F2001%2FXMLSchema%23%3E%0Aprefix%20schema%3A%20%3Chttp%3A%2F%2Fschema.org%2F%3E%0A%0A%3Aa%20%20%3Aname%20%20%20%20%22Title%20A%22%20%3B%0A%20%20%20%20%3Arelated%20%3Ab%20%20.%0A%0A%3Ab%20%20%3Arelated%20%3Aa%20%3B%0A%20%20%20%20%3Aname%20%20%20%20%22Title%20B%22.%0A%0A%3Ac%20%20%3Aname%20%20%22Title%20C1%22%2C%20%22Title%20C2%22%20.%0A%0A%3Ad%20%20%3Aname%20%20234%20.%0A%0A%3Ae%20%20%3Anamme%20%20%22Title%20E%22%20.%0A%0A%3Af%20%20%3Aname%20%20%20%20%22Title%20F%22%20%3B%0A%20%20%20%20%3Arelated%20%3Aa%2C%20_%3A1%20.%0A%0A_%3A1%20%3Aname%20%20%22Unknown%20title%22%20.&shape-map=%3Aa%40%3ABook%2C%0A%3Ab%40%3ABook%2C%0A%3Ac%40%3ABook%2C%0A%3Ad%40%3ABook%2C%0A%3Ae%40%3ABook%2C%0A%3Af%40%3ABook&interface=human&success=proof&regexpEngine=eval-threaded-nerr&manifestURL=https%3A%2F%2Frawgit.com%2FshexSpec%2Fshex.js%2Fmaster%2Fpackages%2Fshex-webapp%2Fexamples%2Fmanifest.json

Input:

ShEXx
Schema

Shape
map

RDF
data

Validation process

RDF data, ShEx schema, Shape map
Output: Result shape map

:Book IRI AND {
:name xsd:string
:related @:Book

}

*

5 [::::Ei:L, Result
shape map

A

:a@:Book

ShEx E$> :a@:Book,

:related :b

:b  :related :a ;
:name "Title B".

a :.hame "Title A"

=1




Node constraints

Constraints over a node (without considering its neighbourhood)

:Book {

:nhame
:datePublished
:numberOfPages
:author

:genre

:isbn
:publisher
:audio
:maintainer

}

:Person {}
:0rganization {}

xsd:string

xsd:date

MinInclusive 1
@:Person

[:Fiction :NonFiction ]
/isbn:[0-9X]{10}/

IRI

@:Person OR
@:0rganization

:item23
:name

:datePublished "2012-03-05"""xsd:date

"Weaving the Web"

:numberOfPages 272

:author
:genre
:isbn
:publisher
:audio
:maintainer

:timbl
:NonFiction
"isbn:006251587X"

<http://www.harpercollins.com/>
<http://audio.com/item23>

:alice

. e We We WwWe Wwe We Wwe W

Try it: (RDFShape)



https://rdfshape.weso.es/link/16481190430

Cardinalities <

Inspired by regular expressions: +, ?, *, {m,n}
By default {1,1}

:Book {

:name xsd:string 5 -item23
:numberOfPages xsd:integer °? 5 ‘name "Weaving the Web" ;
:author @:Person + ; :numberOfPages 272 ;
:publisher IRI ? ; :author :timbl, :markFischetti ;
:maintainer @:Person {1,3} ; ‘maintainer :alice, :bob
:related @:Book *

}

:Person {}

:0Organization {}

Try it: RDFShape



https://rdfshape.weso.es/link/16481191588

Recursive schemas

:Book {
:Person {
:Place {

:Country {
:Company A

:title
:author
:related
:name
:birthDate
:birthPlace
:knows
:worksFor
:name
:country
:name
:name
:employee

xsd:string
@:Person
@:Book
xsd:string
xsd:date
@:Place
@:Person
@:Company
xsd:string
@:Country
xsd:string
xsd:string
@:Person

o L VAL VL VR

P b T T be W be W Le Le W d Le W

Support for recursive (cyclic) data models is part of the spec
Well formed semantics based on stratified negation

. :Book

ctitle - xsd:string

‘author

- irelated

.name : xsd;string ?

.birthDate : xsd:date ?

. Company

;name : xsd;string

. :Place

Try it: RDFShape



https://rdfshape.weso.es/link/17089410026

Open/Closed content models

RDF semantics mostly presume open content models
Shape expressions are open by default
Enable extensibility
But...some use cases require closed content models
Added CLOSED keyword

:Book {
:name xsd:string 5
} Ciiﬁ\/ :a :name "Weaving the web" ;
:isbn "006251587X"
:Book CLOSED { @x
:name xsd:string 5
} Try it: RDFShape



https://rdfshape.weso.es/link/17089414000

Open/Closed properties

A

Property values are closed by default (closed properties)

:Book {
:code /isbn:[©-9X]{106}/ ;
}

Properties can be repeated

:Book {
:code
:code

}

/isbn:[0-9x]{10}/ ;
/isbn:[0-91{13}/

v
—

X

—/

EXTRA declares properties as open

:Book EXTRA :code {
:code /isbn:[0-9X]{10}/ ;
}

—

:item23

:item23

:code

:code 23

"isbn:006251587X" .

:item23

:code
:code

"isbn:006251587X" ,
"isbn:9780062515872" .

:item23

:code
:code

"isbn:006251587X"
23

J

|1Tyit:RDFShape


https://rdfshape.weso.es/link/17089416770

Triple expressions

“Unordered” regular expressions: Regular bag expressions

i

:alice :name
:birthDate

:bob :firstName
:lastName

:carol :firstName
:lastName
:firstName

"Alice Cooper"

A

"2010-02-23"""xsd:date .

"Robert™
"Smith"

"Carol"
llKingll
"Carole"

:dave :name
:firstName

"Dave Navarro"
llDavell

:Person {
( :name xsd:string |
:firstName xsd:string + ;
:lastName xsd:string
)
:birthDate  xsd:date ?
; ]
S Z
(name |
firstName + ;
) lastName ralice » n
" .
birthDate ? tbob > f 1
:carol » f 1
(n| £f+3;1); b2
’ ’ :dave -»> n f

2

Try it

: RDFShape



https://rdfshape.weso.es/link/17302742534

Logical operators

Shape Expressions can be combined with AND, OR, NOT

:Book {

:0Organization {}

:item24 :name

A

"Weaving the Web" ;
:timbl
:timbl

)

"Weaving the Web" ;

:timbl

:numberOfPages 272

:timbl

J

J

:hame xsd:string ; :author
:author @:Person OR @:0Organization ; :readBy
}
:AudioBook @:Book AND { item23 :
:name MaxLength 20 ; Fitem :na$E
:readBy @:Person 5 -author
} AND NOT { :
:numberOfPages . + sreadBy
}
:Person {}

ShEXx allows NOT combined with recursion (semantics based on stratified negation)

Try it: RDFShape


https://rdfshape.weso.es/link/17089422593

Importing schemas

import statement can be used to import schemas

http://validatingrdf.com/tutorial/examples/book.shex

:Book {
:title xsd:string
}
:Person {
:hame xsd:string ? ;
}
import <https://www.validatingrdf.com/examples/book.shex> |
:AudioBook @:Book AND { :item24 :name "Weaving the Web" ;
title MaxLength 20 ; sauthor +timbl ;
:readBy @:Person ; :readBy ttimbl
}

A

Try it: RDFShape



https://rdfshape.weso.es/link/17089424743

Machine processable annotations |

Annotations based on RDF
Lots of applications, e.g. generate forms from shapes

prefix schema: <http://schema.org/> |
prefix : <http://example.org/>

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

start = @:User

:User {

schema:name xsd:string // ui:label “Name" ;
schema:birthDate xsd:dateTime // ui:label "Birth date" ;
schema:gender [ schema:Male schema:Female ] // ui:label "Gender"

}

Tryit:

Eric’'s demo

https://rdfshape.weso.es/link/17095003321



https://ericprud.github.io/shex-form/?manifestURL=https://raw.githubusercontent.com/validatingrdf/Web/master/tutorial/lotico2022/examples/manifest.json
https://rdfshape.weso.es/link/17095003321

More complex Shape Maps

Shape Maps define which nodes validate with which shapes
Examples:

{FOCUS a :Person}@:User https://rdfshape.weso.es/link/17095033013
{FOCUS schema:name _}@:Book https://rdfshape.weso.es/link/17095014386
SPARQL mmn

PREFIX schema: <http://schema.org/>

SELECT ?book WHERE { https://rdfshape.weso.es/link/17095031848

?book schema:name ?name;
schema:author ?author
}"""@:BOOk


https://rdfshape.weso.es/link/17095033013
https://rdfshape.weso.es/link/17095014386
https://rdfshape.weso.es/link/17095031848

Inheritance model for ShEx <

extends allows to reuse existing shapes adding new content

Handles closed properties and shapes

More details: Shape Expressions with Inheritance, lovka Boneva, Jose Emilio
Labra Gayo, Eric Prud'hommeaux, Katherine Thornton, Andra Waagmeester
Extended Semantic Web Conference, Portoroz, Slovenia, 2025 — 2025
https://labra.weso.es/publication/2025_shex_inheritance/ (Next Wednesday 16:20h)

:Book { :item23 :name "Weaving the Web" 5
:nhame xsd:string ; author :timbl 5
:author @:Person :code "isbn:006251587X" ;
:code /isbn:[0-9]{13}/ ; :code "isbn:9780062515872" ;
:code /isbn:[0-9X]{10}/ :code "internal:234" .

}

Other features

:LibraryBook extends @:Book { . . .
 code Jinternal:[0-91%/ ; Multiple inheritance

} Abstract shapes

Try it:
https://rdfshape.weso.es/link/17487753484



https://rdfshape.weso.es/link/17487753484
https://labra.weso.es/publication/2025_shex_inheritance/

ShEx vs SPARQL

SPARQL pros:
Expressive
Ubiquitous

SPARQL cons:
Expressive

Idiomatic - many ways to encode the
same constraint

Non recursive

<User> {
schema:name  xsd:string ;
schema:gender [ schema:Female schema:Male]

}

ASK {{ SELECT ?Person {

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

SELECT ?Person {
?Person schema:name ?0 .
FILTER ( isLiteral(?o0) &&
datatype(?0) = xsd:string )
} GROUP BY ?Person HAVING (COUNT(*)=1)

SELECT ?Person (COUNT(*) AS ?cl) {
?Person schema:gender 2o .
} GROUP BY ?Person HAVING (COUNT(*)=1)}
{ SELECT ?Person (COUNT(*) AS ?c2) {
?S schema:gender 70 .
FILTER ((?20 = schema:Female ||
?0 = schema:Male))
} GROUP BY ?Person HAVING (COUNT(*)=1)}
FILTER (?cl = ?c2)




3 syntaxes: ShExC, ShExJ, ShExR

ShExC

prefix :
prefix xsd:

<http://example.org/>
<http://www.w3.org/2001/XMLSchema#>

ShEXJ (JSON LD)

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

:Book {

schema:name  xsd:string ;
:related @:Book *
}

ShEXR (RDF, Turtle) It's posible to

roudtrip from
each one

:Book a sx:ShapeDecl ;

sx:shapeExpr [ a sx:Shape ;

sx:expression [ a sx:EachOf ;
sx:expressions (

[ a sx:TripleConstraint ;
sx:predicate schema:name ;
sx:valueExpr [ a sx:NodeConstraint ;

sx:datatype xsd:string
11

a sx:TripleConstraint ;

sx:predicate :related ;

sx:valueExpr [ a sx:NodeConstraint ;
sx:valueExpr :Book 1 ] ) 11 .

4

{ "type" : "Schema",

"@context" : "http://www.w3.org/ns/shex.jsonld",
"shapes" : [ {

"type" : "Shape",
"id" : "http://example.org/Book",
"expression" : {
"type" : "EachOf",
"expressions" : [ {
"type" : "TripleConstraint™”,
"predicate” : "http://schema.org/name",
"valueExpr" : {
"type" : "NodeConstraint",
"datatype" : "http://www.w3.org/2001/XMLSchema#string”
}
¥

{ "predicate" : "http://example.org/related”,

"valueExpr" : "http://example.org/Book",

"min" : O,
"max" : -1,
"type" : "TripleConstraint"

}
I1Yr13}




ShEx from a more theoretical point of view

Grammar divided in two main blocks S

. se
se Shape expressions

Describe nodes
te Triple expressions
Describe the neighbourhood of nodes
Incoming/outgoing arcs
Regular Bag Expressions te
Recursion and negation
Stratified negation

[~ se*

IRI | BNode | ...
cond

S€1 AND Se9

Se1 OR Sey

NOT se

Ql

{te)

ter;tes
tB] ‘ tfig
. La

©

tex

Node constraints

A boolean condition on nodes
Conjunction

Disjunction

Negation

Shape label reference for [ € A
Triple expression te

Each of te; and tes

Some of te; or tes

Triple with predicate p

that conforms to shape expression identified by [
Zero or more te



Summary

More ShEx features
Stems, named expressions, nested shapes, semantic actions, ...

And ShEx tools
Inference ShEx from data (sheXer), editors, KG subsets, ...
ShEx and SHACL compared (see later)
Different underlying philosophy
ShEx more inspired on grammars than on constraints

Separation of concerns
Structure definition (ShEx) # Ontology (OWL)
Structure definition (ShEx) # Node/shape selection (ShapeMaps)



ShEx Tools




Tools landscape

Shapes
ecosystems

~

= ?

Validating with shapes 4

Obtaining shapes
- &

Shape
A

Other applications of shapes

Obtaining Other
Shapes eCOSVStemS shapes applications
\ J of shapes

Validating
with shapes




Validating with shapes

~

Libraries and online demos a2

Shape
A

Shape
B

Continuous integration with Shapes

Validating
with shapes

v v
x
végx



Continuous integration with Shapes

Coexistence between ontologies/shapes
Shapes can validate the behaviour of inference systems
Shapes pre- and post- inference

. . . Continuous
TDD and continuous integration based on shapes onwogy  Integration
engineer SErver
Gene Ontology Shapes: &_
https://github.com/geneontology/go-shapes T
Y — Ontological
/ Control version \ infrastructure
system (git)

Ontology
system

Endpoint
SPARQL

Triple
Store



https://github.com/geneontology/go-shapes

Continuous integration with Shapes

Ontolo-ci: https://www.weso.es/ontolo-ci/
Developed as part of HERCULES-Ontology
Test-Driven-Development applied to ontologies

Input:
- Ontologies
- Shapes
- Test data
- Input shape map (SPARQL competency question)
- Expected result shape map



https://www.weso.es/ontolo-ci/

Obtaining shapes

Shapes editors
Text-based editors

Spreadsheets
RDF data
Other
schemas

Visual editors and visualizers

Obtaining shapes from...
Spreadsheets
RDF data
Other schemas (XML Schema)

Obtaining
shapes

4 )
Shape
-' Shape

.

J




Text-based editors

YaSHE: Forked from YASGUI: http://www.weso.es/YASHE/
Syntax highlighting

Auto-completion

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>
prefix wd: <http://waw.wikidata.org/entity/>

-
|
m
(]
@

prefix wdt: <http://www.wikidata.org/prop/direct/>

<Researcher> EXTRA wdt:P31 wdt:P186 {

wdt:P31 [ wd:Q5 ] H
wdt:P186 [ wd:Q1658915 ] H
wdt:P181 @<Discipline> o
wdt:PA96 xsd:string ?
wdt:P1153 xsd:string ? |;
copus Author
} Scopus Auth ID (P1153

identifier for an author
et o3 . assigned in Scopus
bibliographic database



http://www.weso.es/YASHE/

Shapes author tools: ShEx Author

ShEx-Author: Inspired by Wikidata Query Service
2 column: Visual one synchronized with text based

ShExAuthor

0 Assistant v PREFIX xsd: <http://www.w&or‘g/Z@Bl/}MkSc >o -
— o ¥ E o
PREFIX wd: <http://www.wikidata.org/entity/>
(0] Shape IriRef ¥ Researcher PREFIX wdt: <http://www.wikidata.org/prop/direct/>

Es . ’ v <Researcher> {
Tripls Prefixn ¥ wdt v P31
= i : ’ wdt:P31 IRE
Triple  Prefix v wdt *| P106 wdt:P106 IRI ?
. s
= Triple  Prefix * wdt  v| P01 wdt:P1el @<Discipline>? ;
wdt:P496 xsd:string ?
& Triple | Prefiv v/ wdt v | P49 wdt:P1153 xsd:string * ;
3 Triple Prefix v wdt v| P1153 }
0 <Discipline> {
wdt:P31 IRE * 3
O~

}
shape | et | Discpine [T ]
o )
Triple Prefix v wdt v| P31 u




Shapes visualizations

Several options integrated in RDFShape/Wikishape

UMLSHaclEX ShUMLex 3DShEx
UML diagrams using graphviz UML through XMI

® :Book p— N

_ : L
. ) elated GEaats

Visualization of shapes in 3D

Aitle : xsd string e

|
related
:title xsd:string i
e/
sauthor
*
zauthor
@ ‘Person \L,
| —
:name : xsd:string ? xS knows :Person s Y
X K = \
:birthDate : xzd.date :name xsd:string ? :knows
:birthDate xsd:date ? ,'I
e~/
:birthPlace
:birthPlace
7 .
Y
@ ‘Place :Place
-name - xsd:string tname xsd:string
country
country \L
Country
name xsd:string
@ :Country



https://github.com/weso/shumlex
https://github.com/weso/umlShaclex
https://fidalgolxxvi.github.io/3dshex/

Shapes from Spreadsheets

ShExCSV: CSV representation of Shapes
Hermes: ShExXCSV processor, https://github.com/weso/hermes

DC Tabular Application Profiles
(https://tap2shex.readthedocs.io/)

&\"N



https://github.com/weso/hermes
https://tap2shex.readthedocs.io/

Generating Shapes from RDF data

In practice, a lot of RDF data is already there
sheXer: http://shexer.weso.es/

2 )
Shape
——
oo
B
SN —
RDF data k “j



http://shexer.weso.es/

Other applications of Shapes

Uls and shapes

Generating code from Shapes

Generate subsettings

-

a2 )
Shape
B

_/

= ?

Other
applications
of shapes



Ul and shapes: ShapeForms

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

prefix : <http://example.org/>

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

start = @:User

:User {
schema:name xsd:string // ui:label “Name" ;
schema:birthDate xsd:dateTime // ui:label "Birth date" ;

schema:gender [ schema:Male schema:Female ] // ui:label "Gender" ;

Shapes |:>

Validates/describes

RDF data :

Eric’'s demo
https://rdfshape.weso.es/link/16480473402



https://ericprud.github.io/shex-form/?manifestURL=https://raw.githubusercontent.com/validatingrdf/Web/master/tutorial/lotico2022/examples/manifest.json
https://rdfshape.weso.es/link/16480473402

Generating code from shapes

Generate domain model from shapes
Java code generation (POJOs) from those shapes

Shape

A

A .
ShExLite
Code generation from >
Shapes
w ShEx — POJO (Java)

Shapes library



https://github.com/weso/shex-lite

Shapes for data integration

XMLSchema2ShEx: Convert XML Schemas to shapes

ShExML: Domain specific language to convert data to RDF
Input formats: CSV, XML, JSON, SQL

XSD

XMLSchema2ShEx —M
14
A

conforms
XML [conforms

—

csv ShEXML - RDF

—

JSON

I

SQL

I

A



https://github.com/herminiogg/XMLSchema2ShEx
http://shexml.herminiogarcia.com/

Subsetting based on Shapes

Generate subsets from ShEx

Slurp option: when validating, collect visited nodes/triples
A

:User {
schema:name xsd:string
schema:knows @:User

}

N iy}

:alice schema:name "Alice" ; .
schema: knows :bob . |:> ShEx validator + |:>
:bob  schema:name "Robert" . Slurp option Subset
:carol schema:name "Carole" ;
schema:worksFor :companyl, :alice schema:name "Alice" ;
:company2 . ‘{i}‘ schema:knows :bob .

:companyl schema:name "Company 1" . :bob  schema:name "Robert" .
\ :company2 schema:name Company 2" . Shapehﬂap
:alice@:User




Some ShEXx use cases
and future work

Wikidata, FHIR, SOLID




Wikidata ‘“ ‘I

In May, 2019, Wikidata announced ShEx adoption WIKIDATA

New namespace for schemas
Example (Human Gene): https://www.wikidata.org/wiki/EntitySchema:E37
Wikibase also contains entity schemas o e

. . . . X English & Jelabra 'E Eﬁ Talk Preferences Beta Watchlist Contributions Log out
Online demo: wikishape I |

EntitySchema ~ Discussion Read | View history Vikidata Q| -

WIKIDATA human gene (57

language code label description aliases | edit
Main page en human gene schema of a human gene according to Gene Wiki pedit
Community portat
Project cha da menneske-gen #edit
Create a new ftem de Menschliches Gen 2edit
Recent changes
Random ltem eo homa geno #edit
Query Service es gen humano esquema de gen humano de acuerdo al proyecto Gene Wiki £ edit
Nearby
Help fr géne humain schema d'un géne humain selon Gene Wiki £ edit
Donate it gene umano schema per descrivere un gene umano 2 edit
Lexicographical data ja £ Gene Wikilc 5L TE FOE #edit
Create a new Lexeme nl menselijk gen basis schema voor een menselijk gen in Wikidata volgens gene wiki £ edit
Recent changes
———— pt gene humano £ edit
Tools

ck entities against this Schema@ | #edit
What links here

Related changes

Special pages
Permanent link # E109: masome
Page information IHPORT

Cite this page

PREFIX wd
PREFIX wdt
PREFIX p:



https://www.wikidata.org/wiki/EntitySchema:E37
http://wikishape.weso.es/

Wikidata entity schemas

Entity schemas describe RDF view
Available through SPARQL endpoint, RDF dumps

N SPARQL
endpoint Entity
Described/ -
RN . »  Schemas
validated (ShEX)
— RDF by
> View
(dumps/API)
WIKIDATA
JSON _ WShEx
N View Described/ N b i
(dumps/API) validated
4 by progress)




Shapes ecosystems ‘“

WIKIDATA

Wikidata provides a whole ShEx ecosystem

Entity schemas evolve and relate between each other

Directory:
https://www.wikidata.org/wiki/Wikidata:Database reports/EntitySchema directory

Some challenges

Different schemas for the same type of entities?
Some schemas stress some aspects while others stress others

Evolution of schemas
Searching entity schemas


https://www.wikidata.org/wiki/Wikidata:Database_reports/EntitySchema_directory

FHIR use case

Clinical information model

Observations
Procedures
Medications

+ 150 other things
Custom schema language
Use-case tailored expressivity

Observation
~[_[) identifier
-7} code
- 4 subject
_'_-‘Q value[x]
- ) valueQuantity

) valueAttachment

referenceRange

Available as JSON structure @ g

(not JSON-schema)
Developer-friendly

Pretty HTML

e.g. Observation

=} component

(@ code

1@ value[x]

(@ va]ueQuan[ity

L. []) valueAttachment

@ referenceRange

https://hl7.org/fhir/observation#fresource

)

MMMH_
L' |

gs Card. Type

DomainResource
0.* [dentifier

1.1 CodeableConcept

0.1  Reference(Patient | Group |
BiologicallyDerivedProduct)
0.1
Quantity
Attachment
0.*  BackboneElement

0.1 SimpleQuantity
0.1 SimpleQuantity
0.* BackboneElement
1.1 CodeableConcept
0.1
Quantity
Attachment

0.* see referenceRange

Description

Measurements and simple assertions
Business Identifier for observation
Type of observation (code / type)

Who and/or what the observation is about

Actual result

Provides guide for interpretation
+ Rule: Must have at least a low or a high or text
Low Range, if relevant

High Range, if relevant
Component results
Type of component observation (code / type)

Actual component result

Provides guide for interpretation of component result


https://hl7.org/fhir/observation#resource

FHIR Observation

Standard FHIR tree representation...

Name

[# Observation
-~ [7) identifier
- [[) code

- [ subject

EHE value[x]
- ) valueQuantity
- ) valueAttachment

[=} ] referenceRange

(D) low
- ) high

[=}r 1 component

- [J) code
[—]-@ value[x]

) valueQuantity

) valueAttachment

-- | gg referenceRange

Flags Card. Type

[N

z
z
I

—

e B o B o |

DomainResource
Identifier
CodeableConcept

Reference(Patient | Group |
BiologicallyDerivedProduct)

Quantity
Attachment

BackboneElement

SimpleQuantity
SimpleQuantity
BackboneElement

CodeableConcept

Quantity
Attachment

see referenceRange

Description Y.

Measurements and simple assertions

Business Identifier for observation

...expressed as "Graphical" ShEx

Type of observation (code / type)

Who and/or what the observation is about

Actual result

Provides guide for interpretation
+ Rule: Must have at least a low or a high or text
Low Range, if relevant

High Range, if relevant
Component results
Type of component observation (code / type)

Actual component result

Provides guide for interpretation of component rest

Name

L <Observation>

2) micidentifier

j mircode

- 4 micsubject

- (@ mirvalue

mirreferenceRange

[+ - fhircomponent

) mircode
@ fhirvalue[x]

@ MirreferenceRange

.j,' <refRange>
-+ (L) miclow
- (_J) tichigh
e}

Type

EXTENDS @<DomainResource> {

@-<Identifier>
@<CodeableConcept>

@<Reference> AND {

mirreference @<Patient> OR

@<Group> OR

@<BiologicallyDerivedProduct>

}

@<Quantity> OR @<Attachment>

@-<refRange>

EXTENDS @<BackboneElement>

@<CodeableConcept>

@<Quantity> OR @<Attachment>

@<refRange>

EXTENDS @<BackboneElement>

@-<SimpleQuantity>
@<SimpleQuantity>

rdis:label

rdfs:label

rdfs:label

rdfs:label

rdfs:label

Card. Description

"Business Identifier for observation" ;
"Type of observation (code / type)” ;

"Who and/or what the observation is about" ;

"Actual result" ;

"™"Provides guide for interpretation

+ Rule: Must have at least a low or a high or text™™" ;

rdfs:label

rdfs:label

rdfs:label

rdis:label

rdfs:label

rdfs:label

rdfs:label

"Type of component observation (code / type)” ;
"Actual component result” ;

"Provides guide for interpretation of component result” ;
"Component results" ;

"Measurements and simple assertions”

"Low Range, if relevant” ;

"High Range, if relevant" ;




It

-] component

Name
| :' Observation

- () identifier
- () code

- [ subject

-}a value[x]

- (1) valueQuantity

- () valueAttachment

[=} ] referenceRange

(D) low
- (2 high

- [} code

Ej-a value[x]

(1) valueQuantity

(1) valueAttachment

- | gg referenceRange

Flags Card. Type Description

IEl DomainResource Measurements and simple assertions

L 0.*  Identifier Business Identifier for observation

z 1.1  CodeableConcept Type of observation (code / type)

z 0.1  Reference(Patient | Group| Who and/or what the observation is about

BiologicallyDerivedProduct)
LI 0.1 Actual result

Quantity

Attachment

Name

Card. Description

Type

| j <(QObservation=> EXTENDS @<DomainResource> {
- () micidentifier @<Identifier=> < rdfs:label "Business I[dentifier for observation” ;
l__) fhir:code @<CodeableConcept> rdfs:label "Type of observation (code / type)" ;
- [ mirsubject @<Reference> AND { ? rdfs:label "Who and/or what the observation is about" ;
firreference @<Patient> OR
@<Group> OR

@<BiologicallyDerivedProduct>

}
a fhir-value @<Quantity> OR @<Attachment> ? rdfs:label "Actual result” ;
-1 mirreferenceRange @-<refRange> = rdfs:label """"'Provides guide for interpretation
+ Rule: Must have at least a low or a high or text™™" ;
[} ] hircomponent EXTENDS @<BackboneElement> {

lj fhir:code @=CodeableConcept> rdfs:label "Type of component observation (code / type)”



FHIR/RDF ShEXx

® tree-view is machine-readable schema
® maps to intuitions
® captures use-case semantics (closed, slicing)

<Observation> EXTENDS @<DomainResource> CLOSED {

fhir:identifier @<Identifier> * // rdfs:label "Business Identifier for observation";
fhir:code @<CodeableConcept> // rdfs:label "Type of observation (code / type)";
fhir:subject @<Reference> AND {
fhir:reference @<Patient> OR @<Group> OR @<BiologicallyDerivedProduct>
}? // rdfs:label "Who and/or what the observation is about";
fhir:value @<Quantity> OR @<Attachment> ? // rdfs:label "Actual result”;
fhir:referenceRange  @<refRange> * // rdfs:label """Provides guide for interpretation
+ Rule: Must have at least a low or a high or text""";
fhir:component EXTENDS @<BackboneElement> CLOSED {
fhir:code @<CodeableConcept> // rdfs:label "Type of component observation (code / type)";
fhir:value @<Quantity> OR @<Attachment> ? // rdfs:label "Actual component result”;
fhir:referenceRange @<refRange> * // rdfs:label "Provides guide to interpret component result";
}o* // rdfs:label "Component results”;
} // rdfs:label "Measurements and simple assertions"”
<refRange> EXTENDS @<BackboneElement> CLOSED {
fhir:low @<SimpleQuantity> ? // rdfs:label "Low Range, if relevant”;
fhir:high @<SimpleQuantity> ? // rdfs:label "High Range, if relevant";

}



Solid project

SOLID (SOcial Linked Data): Promoted by Tim Berners-Lee

Goal: Re-decentralize the Web

Separate data from apps
Give users more control about their data
Internally using linked data & RDF

Shapes needed for interoperability

"...l just can’t stop thinking about shapes.", Ruben Verborgh
https://ruben.verborgh.org/blog/2019/06/17/shaping-linked-data-apps/



https://ruben.verborgh.org/blog/2019/06/17/shaping-linked-data-apps/

Shape trees for SOLID

Map graphs in a resource hierarchy to Shapes

Shape trees provides a "typing" for a filesystem
Deliverable of the Solid Application Interoperability Task Force
Provide validation on create, update and delete operations

https://shapetrees.org/TR/specification/



https://shapetrees.org/TR/specification/

End of presentation
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