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PREVIOUSLY ...



*“MORE OR LESS

SEMANTIC WEB: DATA, LocIc, QUERY

DATA:

Ireland .

(Ireland,partOf,Europe)
(Ireland,isA,Country)

Dublin '

(Ireland,capital,Dublin)

(Ireland,capital,Dublin) (Dublin,population,1000000)

Logic: “(b,capital,a) — (a,partOf,b)”
“(a,partOf,b), (b,partOf,c) — (a,partOf,c)”

QUERY: “(z,partOf,y)?”
OuTpPUT: {(z — lreland, y — Europe),

(2 — Dublin, y — Ireland),
(x — Dublin, y +— Europe)}




*“MORE OR LESS

SEMANTIC WEB: DATA, LocIc, QUERY

DATA:

Ilreland -H IDuinn .H

But what about Data Quality?

QUERY: “(z,partOf,y)?”

OuTpPUT: {(z — lreland, y — Europe),
(2 — Dublin, y — Ireland),
(x — Dublin, y +— Europe)}




GRAPHS ..



GRAPH DATA: PROS AND CONS

0.0000079 M,
*

0.00314 M,
*

We don't have a

structure (schema)
imposed from the start

We don't have to impose a

structure (schema)
from the start

(G—type Sta_rj 1 Mg







GRAPH DATA: PROS AND PROS

0.0000079 M,
*

0.00314 M,
*

We don't have to impose a

structure (schema)
from the start

... and we can impose a
schema any time we like

s
[G—type Staa 1 Mg

So how can we define and impose a schema for graphs?




SHAPES



GRAPH DATA: VALIDATION

: : "Parasite" "2019" g
@en xsd gYear GongJoonho)

-name ear 1nPerson

rdf‘type\ \ /Y dlrector

: ABP2020 WlnMov1e—>( Para51te)<— w1nMov1e ABD202O

rdf:type \ ;year\ year rdf: type

. A "2020"
(.AcademyBestPlctureJ e e [ AcademyBestDlrectorJ
\

rdfs:subClass0f rdfs:subClassOf

ﬁAcademyAwar(rdf s :subClassOf »

s this graph “complete”?
Does it have “errors”?
How do we define “completeness” and “errors”?




AWARD

tyear : xsd:gYearll"l]

:name : rdf:langString[l"*]

ACADEMYAWARD

Y

\\

/

I :judge[o"*} —

/

SHAPES GRAPH: VALIDATING SCHEMA

PERSON
:name : rdf:langStringl!l*]
:dob :xsd:date[l“ll

/ !

:nomPerson!0--*! ) [1..4]
:winPerson!0:-*] :dlrectlzor
MoVIE
5 s oL .®
:nomMovie! ] _ T
.winMoviell--*] :year : xsd:gYear

ACADEMYBESTPICTURE

:short : xsd:booleanl0-1]
: rdf :la.ngStringll“*J

:name

ACADEMYBESTDIRECTOR




SHAPES GRAPH: VALIDATE RDF GRAPHS

AWARD

:year : xsd:gYear!!1]
:name :rdf:langString[L'ﬂ

|

:nomPerson

ACADEMYAWARD

/

:nomMovie

\\

Y

ACADEMYBESTPICTURE

— :judge[D“*} —

:winMoviell:*]

PERSON

:name : rdf:langStringl!l*]
: xsd:datell-1

:dob

/

[0..%] /

:winPerson!0:-*]

f

:director!l*]

[1..%]

MoOVIE

:year

:short :xsd:booleanm“l]

:name

; xsd:gYeaI[L'”

: rdf:langString”“*J

ACADEMYBESTDIRECTOR

"2019"
xsd:gYear

/

:name iyear :director

rdf:type

:ABP2020 :winMovie —>4— :winMovie

\

rdf:type iyear

/

:year

/

(:AcademyBestPictureJ x:g%g%;r

:BongJoonho

f

:winPerson

rdf:type

(:AcademyBestDirectorJ

rdfs:subClass0f

rdfs:subClassOf

i :AcademyAward ;rdfs :subClassOf -h-

’ Does it pass?

Yes!

We have not yet
defined a target for a
shape, so we don't
know which shape
applies to which node
in the data



SHAPES GRAPH: DEFINE A TARGET

AWARD

PERSON

:year : xsd:gYear!!1] - judgel®-]

:name :rdf:langString[L'ﬂ

:name : rdf:langStringl!l*]
:dob : xsd:datell-!

:winPerson!0:-*]

/ T
:nomPersonm“*]<//’////’

:director!l*]

/

ACADEMYAWARD [1..%]

MOVIE — TYPE :Movie

:nomMovie

D

\\

swinMoviell*]

Y

ryear
:short :xsd:booleanm“l]

; xsd:gYeaI[L'”

:name :rdf:langString”“*1

ACADEMYBESTPICTURE ACADEMYBESTDIRECTOR

i Qen xsd:gYear : €
\ :name iyear -director :winPerson

rdf:type

/

\
:winMovie —>4— :winMovie

rdf:type

rdf:type iyear iyear

Does it pass?

No. :Parasite does
not have a director
satisfying Person.

‘A”””’

n 2020 n

(:AcademyBestDirectorJ

We are missing a name

(: AcademyBestPlctureJ xsd:gYear

rdfs:subClass0f rdfs:subClassOf

i :AcademyAward ;rdfs :subClassOf -h-

and a date of birth for
Bong Joon-ho!




SHAPES GRAPH: MULTIPLICITY

PERSON

AWARD
iyear : xsd:gYearll"l] — :judge[D“*} —* name
:name : rdf:langString(!*l :dob

: rdf :langStringll"*}
: xsd:datell-1]

/

0..%] /

:winPerson!0:-*]

:nomPerson!

f

directorl’-*]

MOVIE — TYPE :Movie

ACADEMYA“%RD_/’//’T’ Moviell--*]
— :nomMovie —_
tyea
swinMoviell:*l year
Y :short :
:name

3 xsd:gYeaI[

: rdf :la.ngStringll“*]

1..1]

xsd:booleanl0-1]

ACADEMYBESTPICTURE ACADEMYBESTDIRECTOR

. : "Parasite" "2019" .
@en xsd:gYear Al ALl )
\ \ ame : eaé*( v A4 :winPerson
rdf :type\n y /.dlrector
: ABP2020 :winMovie —>4— :winMovie : ABD2020
rdf:type iyear iyear rdf:type

/

n 2020 n

(:AcademyBestPictureJ xsd:gYear

(:AcademyBestDirectorJ

rdfs:subClass0f rdfs:subClassOf

i :AcademyAward ;rdfs :subClassOf -h-

How about now?

No. Any director of
:Parasite must still
satisfy Person.

We are missing a name
and a date of birth for
Bong Joon-ho!




SHAPES GRAPH: VALIDATION

AWARD

iyear :xsd:gYear[L'”
:name : rdf:langString

[1..%]

ACADEMYAWARD

I

Y

- :judge[o"*} )

/
:nomPerson!0--*] ,//’////’

/

:nomMovie _

:winMovie

ACADEMYBESTPICTURE

‘name

rdf :type

PERSON

‘name :rdf:1angS't'.J:ing[1""‘1
:dob : xsd:datell!

:winPerson!0:-*]

f

:director!’-*]

[1..%]

MOVIE — TYPE :Movie

[1..%]

:year :xsd:gYear[
:short : xsd:boolean(0-1]
:name :rdf:langString”“*]

1..1]

ACADEMYBESTDIRECTOR

:year

II2019II

xsd:gYear

/
/

:BongJoonho

f

:winPerson

:director

: ABP2020 : winMovie—»q— :winMovie : ABD2020

:year rdf :type

‘*5%\\\\

rdf:type :year

“s\\\\*

(:AcademyBestPicture)

n 2020 n
xsd:gYear

4/

\

rdfs:subClass0f

(:AcademyBestDire

rdfs:subClassOf

i :AcademyAward ;rdfs :subClass0f -b—

sname —s "Bong‘;gfn—ho":
~
:dob
|"1969-09—14"
xsd:date
stor) ’ And now?

Yes!




SHAPES vs. RDFS/OWL AND SPARQL



SHAPES VS. RDFS/OWL

AWARD PERSON
iyear : xsd:gYear[l”l] — :ju.dge[o“*] —”| :name: rdf:langString[l"*]
‘name : rdf:la.ngString[l“*] :dob : xsd:datell:-1]

. di 0..%
:winPersonl0--*! :director(]

/ |

/ T
T :nomPersonl9--*] /

D NN . nomMoviell-* MOVIE — TYPE :Movie
] o ] 1.1
T LinMoviell-¥l :year : xsd:gYear['-1]
Y :short : xsd:boolean!®-1]
:name : rdf:la.ngString[l"*]
ACADEMYBESTPICTURE ACADEMYBESTDIRECTOR

[

| I s I s B e |

[

[
[
L
[

#[..
:Award rdfs:subClassOf

#[..

-]

owl:
owl:
owl:
owl
owl:

owl:
owl:
owl
owl:
owl:

-]

:minCardinality 1 ; owl:onProperty :name ] ,

allValuesFrom xsd:gYear ; owl:onProperty :year ] ,
cardinality 1 ; owl:onProperty :year ] ,
allValuesFrom rdf:langString ; owl:onProperty :name ] ,

allValuesFrom :Person ; owl:onProperty :judge ]

AcademyAward rdfs:subClass0f :Award ,

allValuesFrom :Person ; owl:onProperty :nomPerson ] , OWI_ assumes OWA and :

allValuesFrom :Person ; owl:onProperty :winPerson ] ,

:allValuesFrom :Movie ; owl:onProperty :nomMovie ] , no UNA. Cannot eaSily

minCardinality 1 ; owl:onProperty :nomMovie ] , R ot
minCardinality 1 ; owl:onProperty :winMovie ] . deteCt .m|SS|ng data or
duplicated values!




SHAPES vS. SPARQL

AWARD PERSON
iyear : xsd:gYear[l”l] — :judge[D”*] —”| :name: rdf:langString[l"*]
‘name : rdf:la.ngString[l“*] / :dob : xsd:datell:-1]
:nomPerson(®--*] / . ! =
i 0 :director[’-*]
:winPerson!0--* |

ACADEMYAWARD MOVIE — TYPE :Movie

:nomMovie _

iyear xsd:gYear[l“ll
:short : xsd:boolean!01]
:name : rdf :langString[l"*]

Y swinMoviell-*

ACADEMYBESTPICTURE ACADEMYBESTDIRECTOR

#L...]

# finds constraint violations
SELECT DISTINCT 7movie WHERE {
"movie a :Movie
OPTIONAL { ?movie :year 7yearl . }
OPTIONAL { ?movie :year ?7year2 . }
FILTER(!bound(?yearl) || datatype(?yearl)!=xsd:gYear || ?yearl != ?year2)
OPTIONAL { ?movie :short 7shortl . }
OPTIONAL { ?movie :short ?short2 . }
FILTER(bound(?shortl) && (datatype(?shortl)!=xsd:boolean || 7shortl != 7short2))
OPTIONAL { ?movie :name ?name . }
FILTER(!bound(?name) || lang(?name)="")
OPTIONAL { 7movie :director ?director . } Correct semantics, but difficult to

# check that 7director satisfies Person shape

} express these types of constraints.




SHACL:
SHAPES CONSTRAINT LANGUAGE




SHAPES GRAPH: HOW DO WE DEFINE THEM?

AWARD

iyear : xsd:gYear[I"l]

:name : rdf: 1angString[

1..%]

— :judge[D“*} —>

/

|

ACADEMYAWARD

/

I

Y

PERSON

:name : rdf:langString[1~-*1

:dob : xsd:datell-1l

:nomPerson!0--*] / !

:winPerson!0:*]

:director!’-*]

:nomMoviell-*]

MOVIE — TYPE :Movie

swinMoviell:*l

:year xsd:gYear[l“l]

:short : xsd:boolean(0-1]
:name rdf:la.ngString[l"*}

ACADEMYBESTPICTURE ACADEMYBESTDIRECTOR

So how do we define shapes graphs?




Shapes Constraint Language (SHACL)

This version:
https://www.w3.0org/TR/2017/REC-shacl-20170720/

Latest published version:
https://www.w3.org/TR/shacl/

Latest editor's draft:
https://w3c.github.io/data-shapes/shacl/

Implementation report:
https://w3c.github.io/data-shapes/data-shapes-test-suite/

Previous version:
https://www.w3.0rg/TR/2017/PR-shacl-20170608/

Editors:
Holger Knublauch, TopQuadrant, Inc.
Dimitris Kontokostas, University of Leipzig
Repository:
GitHub
Issues

Test Suite:
SHACL Test Suite



SHACL: SHAPES GRAPH

Y

ACADEMYBESTPICTURE

AWARD PERSON
1year : xsd:gYearll"l] — :judge[D"*} —*| :name : rdf:langStringlln*}
:name : rdf:langString[l“*] / :dob xsd:date[l“ll
:nomPerson!0--*! / | -
. 0..%] :director!l*]
:winPersonl0-* |
ACADEMY AWARD — (L] MoVIE
:nomMovie!~™ |
I Movialls] :year : xsd:gYear!'-1]

:short : xsd:booleanl0-1]

:name

: rdf :la.ngString[l“*J

ACADEMYBESTDIRECTOR




SHACL: NODE AND PROPERTY SHAPES

AWARD

:year : xsd:gYear!!l-1l

— :judge[D“*} —

PERSON

:name : rdf:langStringl!l*]

:name : rdf:langString[l“*] :dob xsd:date[l“ll

/

:nomPerson!®:-*] / f

:director!l*]

:winPerson!0:-*] |
ACADEMYAWARD / {ell-#] MOVIE
:nomMovie S
[T g L] :year : xsd:gYearll-1]
Y . :short : xsd:booleanl0-1]
:name : rdf :la.ngString[l“*J

ACADEMYBESTPICTURE ACADEMYBESTDIRECTOR

@prefix : <http://ex.org/data/>

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>.
@prefix s: <http://ex.org/shapes/>

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

Q@prefix xsd: <http://www.w3.org/2001/XMLSchema#>.

s:Person a sh:NodeShape ;
sh:property [ sh:path :name ; sh:datatype rdf:langString ; sh:minCount 1 ] ;
sh:property [ sh:path :dob ; sh:datatype xsd:date ; sh:minCount 1 ; sh:maxCount 1 ]




SHACL: REFERENCING NODE SHAPES

AWARD PERSON
:year : xsd:gYearll-1l — :judgel®*] — :name : rdf:langString(!-*]
:name : rdf:langStringll-*] i :dob : xsd:datell-1]

:nomPerson!®:-*] / !

:director!l*]

:winPerson!0:-*] |
ACADEMYA“%RD—/’/’,f' il MOoVIE
— :nomMovie _ _—

— . 1. :year : xsd:gYear! -

swinMoviell*] i . ) [0..1]
:short : xsd:boolean
iname : rdf:la.ngString[l“*J

ACADEMYBESTPICTURE ACADEMYBESTDIRECTOR

#[...]
s:Person a sh:NodeShape ; #[...]

s:Movie a sh:NodeShape ;
sh:property [ sh:path :year ; sh:datatype xsd:gYear ; sh:maxCount 1 ; sh:minCount 1 ] ;
sh:property [ sh:path :short ; sh:datatype xsd:boolean ; sh:maxCount 1 ] ;
sh:property [ sh:path :name ; sh:datatype rdf:langString ; sh:minCount 1 ] ;
I

sh:property [ sh:path :director ; sh:node s:Person ; sh:minCount 1 ]




SHACL: TARGETS

AWARD

iyear :
:name :rdf:langString[L'ﬂ

xsd:gYear[L'”

:nomPerson!0--*!

ACADEMYAWARD

Y

\\

:winPerson

/

:nomMovie

:winMovie

I :judge[o"*} —

PERSON

/

:name : rdf:langStringl!l*]

:dob : xsd:datell-!

[0..%]

/ f

:director!l*]

[1..%]

MOVIE — TYPE :Movie

T

[1.4]

:year
:short :xsd:booleanm“l]
-name

; xsd:gYear[L'”

; rdf:langString”“*J

ACADEMYBESTPICTURE

ACADEMYBESTDIRECTOR

#[...]

sh:property
sh:property
sh:property
sh:property

[

[
I
[

s:Person a sh:NodeShape ; #[...]

s:Movie a sh:NodeShape ;

sh:targetClass :Movie ;
sh:path
sh:path
sh:path
sh:path

:director ;

:year ; sh:datatype xsd:gYear ; sh:maxCount 1 ; sh:minCount 1 ]
:short ; sh:datatype xsd:boolean ; sh:maxCount 1 ] ;
:name ; sh:datatype rdf:langString ; sh:minCount 1 ] ;

sh:node s:Person ; sh:minCount 1 ]

3




SHACL: INHERITAN

CE

AWARD

:year : xsd:gYear

:name :rdf:langString[L'ﬂ

[1..1]

:nomPerson!0--*!

:winPerson

ACADEMYAWARD

/

:nomMoviel! *]

I [1..%]

Y

:winMovie

ACADEMYBESTPICTURE

ACADEMYBESTDIRECTOR

I :judge[o"*} >

/

PERSON

:name : rdf:langStringl!l*]

:dob : xsd:datell-!

,//////’ T

[0..%]

:director!l*

B

—

MOVIE — TYPE :Movie

tyear
:short : xsd:boolean!0-1]
:name

; xsd:gYear[l"I]

: rdf:langString”“*J

#[...]
s:Person a sh:NodeShape ; #[...]
s:Movie a sh:NodeShape ; #[...]

s:Award a sh:NodeShape ;

sh:property [ sh:path :year ; sh:datatype xsd:gYear ; sh:maxCount 1 ; sh:minCount 1 ]
sh:property [ sh:path :name ; sh:datatype rdf:langString ; sh:minCount 1 ] ;
sh:property [ sh:path :judge ; sh:node s:Person ]

.
3




SHACL: INHERITANCE

AWARD

tyear : xsd:gYear[I"l] — :judge[o'

:name : rdf:langString[l"*]

:nomPerson!0--*!

/

PERSON
*l —:name : rdf:langString!!-*!
:dob xsd:date[l“ll

,//////' T

:director!l*

:winPersonl--*] |
ACADEMY AWARD ”/,//T/V Moviell-* MoOVIE — TYPE :Movie
:nomMovie —_— T
I cinMoviell:*l :year : xsd:gYearl -

Y

ACADEMYBESTPICTURE ACADEMYBESTDIRECTOR

:short : xsd:booleanl0-1]

:name rdf:la.ngString[l“*J

#[...]

:Person a sh:NodeShape ; #[...]
:Movie a sh:NodeShape ; #[...]
:Award a sh:NodeShape ; #[...]

:AcademyAward a sh:NodeShape ;
sh:node s:Award ;

sh:property [ sh:path
sh:property [ sh:path
sh:property [ sh:path
sh:property [ sh:path

:nomPerson ;
:winPerson ;
:nomMovie ;
:winMovie ;

sh:node s:Movie ;
sh:node s:Movie ;

sh:node s:Person ] ;
sh:node s:Person ] ;

sh:minCount 1 ] ;
sh:minCount 1 ]




SHACL: INHERITANCE

AWARD

:year : xsd:gYear
:name : rdf:langString[l“*]

[1..1]

ACADEMYAWARD

Y

\—-——_

/

— :judge[o"*] —

PERSON

:name : rdf :langString!!*l

:dob : xsd:datell-1]

/

[0..%] / T

:director!l--*

MOVIE — TYPE :Movie

:nomPerson
:winPerson!0:-*]
. s o[l..%]
:nomMovie _
swinMoviell*]

:year xsd:gYear[
:short : xsd:booleanl0-1
:name : rdf :la.ngString[l“*}

1..1]

ACADEMYBESTPICTURE

ACADEMYBESTDIRECTOR

n n n n #=#

-
:Person a sh:NodeShape ; #[...]
:Movie a sh:NodeShape ; #[...]
:Award a sh:NodeShape ; #[...]

sh:node s:AcademyAward

:AcademyAward a sh:NodeShape ; #[...]

:AcademyBestPicture a sh:NodeShape ;

:AcademyBestDirector a sh:NodeShape ;
sh:node s:AcademyAward .




SHACL:
TARGETS



SHACL: TARGETS

n:targetClass
n:targetSubjectsOf
n:targetObjectsOf
n:targetNode

°
nw u u m

instances of a class
domain of a property
range of a property

a specific node



SHACL: TARGETING RANGE

AWARD PERSON — RANGE :winPerson
iyear : xsd:gYearll"l] — :judge[D“*} —*| :name : rdf:langString[ln*}
:name : rdf:langString[l“*] / :dob xsd:date[l“ll

:nomPerson!®:-*] / f

:director!l*]

:winPerson!0:-*/ |
ACADEMYAWARD / il MoVIE
— :nomMovie _ —

— . 1. :year : xsd:gYear! -

swinMoviell*] ) . ) [0..1]
:short : xsd:boolean
‘name : rdf:la.ngString[l"”‘J

ACADEMYBESTPICTURE ACADEMYBESTDIRECTOR

@prefix : <http://ex.org/data/>

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>.
@prefix s: <http://ex.org/shapes/>

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

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

s:Person a sh:NodeShape ;
sh:targetObjects0f :winPerson ;
sh:property [ sh:path :name ; sh:datatype rdf:langString ; sh:minCount 1 ] ;
sh:property [ sh:path :dob ; sh:datatype xsd:date ; sh:minCount 1 ; sh:maxCount 1 ]

#0...]




SHACL: TARGETING RANGE

AWARD

tyear : xsd:gYearll"l]
iname : rdf:langString[

PERSON — RANGE :winPerson
— :judge[o“*} — :name : rdf:langString[I"*1
1.4 :dob : xsd:datell-1]

/

f

/

:nomPerson!0--*! _ )
g 0..%] :director!l-*
:winPersonl0-* |

ACADEMYAWARD / s oll..%] MoVIE

:nomMovie S —

I .winMoviell:-*] :year : xsd:gYearll-1]

Y :short : xsd:booleanl0-1]
:name rdf:la.ngString[l“*J

ACADEMYBESTPICTURE

ACADEMYBESTDIRECTOR

"Par@asite“ "2019" :BongJoonho -name—| "Bong Joon-ho"
en xsd:gYear f @en
“\\\\\\“~ ‘Tﬁame :yea{r B :winPerson :dob
rdf:type /

: ABP2020 :winMovie —-.4— :winMovie : ABD2020 PR
rdf:type :year :year rdf :type

< Acad B Pi \ "2020" / - Acad B Di .

(. cademyBest 1cture) xsd:gYear (. cademyBest 1rector) ’ \ﬁﬂll(j?

\

rdfs:subClass0f

i :AcademyAward ;rdfs :subClass0f -b—

rdfs:subClassOf

Yes!




SHACL: TARGETING SUBCLASSES

AWARD — TYPE :Award

PERSON

iyear : XSd:gYear[l-'l] I :judge[D..*} .
:name : rdf:langString

[1..%]

:name : rdf:langStringl!l*]

:dob

: xsd:datell-1]

/
:nomPerson!®:-*] /

f

:director!l*]

Y

ACADEMYBESTPICTURE

:winPerson!0-*] |
ACADEMYAWARD / il MoVIE
:nomMovie _
I . winMoviell *] tyear xsd:gYear[l“ll

:short : xsd:booleanl0-1]

:name

: rdf :la.ngString[l"”‘J

ACADEMYBESTDIRECTOR

#[
S:
S:

S:

#[..

-
Person a sh:NodeShape ; #/[...]

Movie a sh:NodeShape ; #[...]

Award a sh:NodeShape ;
sh:targetClass :Award ;

sh:property [ sh:path :year ; sh:datatype xsd:gYear ; sh:maxCount 1 ; sh:minCount 1 ]

sh:property [ sh:path :name ; sh:datatype rdf:langString ; sh:minCount 1 ] ;
sh:property [ sh:path :judge ; sh:node s:Person ]

-]

.
H)




SHACL: TARGETS SUBCLASSES

AWARD — TYPE :Award

:year :xsd:gYear[L'”
:name :rdf:langString[

1..%]

:nomPerson

I :judge[o"*} —

PERSON

/

:name : rdf:langStringl!l*]
: xsd:datell-1

:dob

[0..%] "/,/’///'

:winPerson!0:-*]

ACADEMYAWARD

/

:nomMovie

\\

Y

:winMovie

ACADEMYBESTPICTURE

n 1 n
:Movie Paﬁasfte

‘\\\\\\\ f;ame
: —

t

:director(!*
[1..%] MoviE
B
[1..4] :year : xsd:gYear!'-1]
R

:short : xsd:booleanl0-1]

:name

: rdf:langString”“*J

ACADEMYBESTDIRECTOR

"2019"
xsd:gYear

/

cyear :director

iyear

/

(:AcademyBestPicture)

"'2020"
xsd:gYear

f

:BongJoonho

:winPerson

%)

rdf :type

‘name —p

"Bong Joon-ho"
@en

:dob

"1969-09-14"
xsd:date

(:AcademyBestDirector)

\

rdfs:subClass0f

rdfs:subClassOf

i :AcademyAward ;rdfs :subClass0f -b-

Valid?

No




SHACL:
PATHS



SHACL: PATHS

[ )
1 1 1 1 7~ 1 -=°°

sh:inversePath e ]

e f)

sh:alternativePath ( e f ) ]
sh:zeroOrMorePath e ]
sh:oneOrMorePath e ]
sh:zeroOrOnePath e ]

property
inverse of e
e then f
eorf
recursive e
recursive+ e
optional e



SHACL: PATHS

| :winMovie/:director!

1..%] ACADEMYAWARDWINNINGDIRECTOR
b

ACADEMYBESTDIRECTOR — TYPE :AcademyBestDirector

:name : rdf:langStringll-*l

+~—— ~.winPersonll-*] = | :dob : xsd:datell--1]

#0...]

s:AcademyBestDirector a sh:NodeShape ;
sh:targetClass :AcademyBestDirector
sh:property [
sh:path ( :winMovie :director ) ;
sh:node s:AcademyAwardWinningDirector ; sh:minCount 1

]

s:AcademyAwardWinningDirector a sh:NodeShape ;
sh:property [ sh:path :name ; sh:datatype rdf:langString ; sh:minCount 1 ] ;
sh:property [ sh:path :dob ; sh:datatype xsd:date ; sh:minCount 1 ; sh:maxCount 1 ] ;
sh:property [
sh:path [ sh:inversePath :winPerson ] ;
sh:node s:AcademyBestDirector ; sh:minCount 1

]

#0...]




SHA

CL: PATHS

ACADEMYBESTDIRECTOR — TYPE

:AcademyBestDirector

X

‘name

II2019II
xsd:gYear

year

/

—

:director

| :winMovie/:director!

BongJoonho

rdf:type\\ﬁ‘h‘H“
:ABP2020 :winMovie —» w:LnMovz.e ABD2020

rdf:type

:year

\

(:AcademyBestPicture)

n 2020 n
xsd:gYear

\

rdfs:subClass0f

year

1..%]

‘name —p

ACADEMYAWARDWINNINGDIRECTOR
—

:name : rdf:langStringll-*l

“:winPerson“"*]'r__;# :dob :xsd:dateu”ll

"Bong Joon-ho"

@en
w1nPerson
"1969-09-14"
xsd:date
rdf: type
( AcademyBestDlrector) ’ \/aIiCj7

rdfs:subClassOf

i :AcademyAward ;rdfs :subClass0f -b-

Yes!




SHACL: PATHS

:prev*[l..*]

g

ACADEMYBESTPICTURE— TYPE :AcademyBestPicture

rdf:type : {:AcademyBestPicture}!-]
:year 2 Xsd:gYear[L'”

U

(" :prev)*[l"*]

#[...]

s:AcademyBestPicture a sh:NodeShape ;
sh:targetClass :AcademyBestPicture ;
sh:class :AcademyBestPicture ;
sh:property [ sh:path :year ; sh:datatype xsd:gYear ] ;
sh:property [
sh:path [ sh:zeroOrMorePath :prev ] ;
sh:node s:AcademyBestPicture ; sh:minCount 1
15
sh:property [
sh:path [ sh:zeroOrMorePath [ sh:inversePath :prev ] ] ;
sh:node s:AcademyBestPicture ; sh:minCount 1

]

#[...]




SHACL: PATHS

:prev*[l..*]

g

ACADEMYBESTPICTURE— TYPE :AcademyBestPicture

rdf:type : {:AcademyBestPicture}!-]
:year 2 xsd:gYear[l"”

U

(" :prev)*[l"*]

"1929" "1930" "1931" "1932" "1933"
xsd:gYear xsd:gYear xsd:gYear xsd:gYear xsd:gYear
: yiar : yiar : yiar :yiar : yiar
-4— :prev :ABP1930 |«— :prev 4— :prev -4— :prev
\ /
rdf:type rdf:type  rdf:type  rdf:type rdf:type

:AcademyBestPicture ’ Valid?

Yes!




SHACL:
CORE CONSTRAINTS



SHACL: SHAPE CONSTRAINTS

Given ¢ a shape and e a path ...

* sh:node ¢ all target nodes in N satisfy shape ¢

* sh:property ¢,e all value nodes V7 connected by path e from
each target node n € N satisfy shape ¢

#[...]
s:Movie a sh:NodeShape ;
sh:property [ sh:path :year ; sh:datatype xsd:gYear ] .

s:Award a sh:NodeShape ;
sh:property [ sh:path :year ; sh:datatype xsd:gYear ; sh:minCount 1 ] .

s:AcademyAward a sh:NodeShape ;
sh:targetClass :AcademyAward ;
sh:node s:Award ;
sh:property [ sh:path :winMovie ; sh:node s:Movie ; sh:minCount 1 ] .




SHACL: SHAPE CONSTRAINTS

||1929" " "1930" ||1931" "1932"
xsd:gYear | :AllQuiet l ‘year | ysd:int xsd:gYear | :GrandHotell xsd:gYear ':Cavalcadel

t N / t N / t

:year :winMovie :year :year :winMovie :year :winMovie
:ABP1929 [%— :prev : ABP1930H<«— :prev : ABP1931%< : ABP193244— :prev :ABP193
rdf:type rdf:type rdf:type rdf:type rdf:type

:AcademyBestPicture rdfs:subClasst———>{}AcademyAwar4J

#[...]
s:Movie a sh:NodeShape ;
sh:property [ sh:path :year ; sh:datatype xsd:gYear ]

s:Award a sh:NodeShape ;
sh:property [ sh:path :year ; sh:datatype xsd:gYear ; sh:minCount 1 ]

s:AcademyAward a sh:NodeShape ;
sh:targetClass :AcademyAward ;
sh:node s:Award ;
sh:property L sh:path :winMovie ; sh:node s:Movie ; sh:minCount 1 ]




SHACL: BOOLEAN CONSTRAINTS

Assuming that ¢, ¢4, ..., ¢,, are shapes then ...

e sh:not ¢
 sh:or ( ¢p; ... P, )
 sh:and ( ¢; ... P, )

negation
disjunction
conjunction

(—)
(¢1 ViV d)n)
(¢1 AR d)n)

* sh:xone ( ¢; ... P, )

excl. disjunction (¢, B -+ B ¢,,)

... are also shapes.

#[...]
s:FromUS a sh:NodeShape ;
s:FeatureMovie a sh:NodeShape ;

sh:property [ sh:path :country ;

s:AcademyBestIntFeatureFilm a sh:NodeShape ;
sh:targetClass :AcademyBestIntFeatureFilm ;
sh:property [
sh:path :winMovie ;
sh:and ( [ sh:not s:FromUS ] s:FeatureMovie ) ;
sh:minCount 1 ; sh:maxCount 1

1.

sh:hasValue :US ] .
sh:property [ sh:path :short ;

sh:hasValue false ] .




SHACL: BOOLEAN CONSTRAINTS

"false"

/ xsd:boolean
:short ////////” ‘\\\\\\\\

:short .France :short : Japan
i f

:country :country :country :country

y t f

:country

:country

(:GentlemanAgreementj

W1nM0v1e W1nM0v1e :winMovie :winMovie :winMovie
ABIFF194T <——— prev ABIFF1948 <— :prev : ABIFF1948- <— .prev :ABIFF195?-<———:prev :ABIFF195

rdf type rdf: type rdf:type rdf:type rdf:type

(.AcademyBestIntFeatureFilmJ

#[...]
s:FromUS a sh:NodeShape ; sh:property [ sh:path :country ; sh:hasValue :US ]
s:FeatureMovie a sh:NodeShape ; sh:property [ sh:path :short ; sh:hasValue false ]

s:AcademyBestIntFeatureFilm a sh:NodeShape ;
sh:targetClass :AcademyBestIntFeatureFilm ;
sh:property [
sh:path :winMovie ;
sh:and ( [ sh:not s:FromUS ] s:FeatureMovie ) ;
sh:minCount 1 ; sh:maxCount 1




SHACL: VALUE TYPE CONSTRAINTS

For each node n € N it holds that:

sh:class C n is an instance of class €
sh:datatype D n has the datatype D
sh:nodeKind K nis of kind K

— K can be; sh:BlankNode, sh:IRI, sh:Literal, sh:BlankNodeOrIRI,
sh:BlankNodeOrLiteral, sh:IRIOrLiteral

#[...]

s:Person a sh:NodeShape ;
sh:targetObjects0f :winPerson ;
sh:class :Person ;
sh:nodeKind sh:BlankNodeOrIRI ;
sh:property [ sh:path :name ; sh:datatype xsd:string ; sh:minCount 1 ] .




SHACL: VALUE TYPE CONSTRAINTS

"ffloyd" X;(?::Bi?lt XSdF:‘.S%I.‘iI:Lg "F.B." "Franz Borzage" RN TER
X A rdf:type rdf:type LY N
:name :name \ :name name na.me
v
"Norman Taurog‘& ( FranzBorzag FrankLloyd
:winPerson :winPerson :winPerson w:.nPerson w:.nPerson

:ABD1929 |«— :prev :ABD1930 iprev :ABD1931 |«— :prev :ABD1932 |«— :prev :ABD1933

rdf:type rdf:type  rdf:type  rdf:type rdf:type

(: AcademyBestDirector)

#[...]

s:Person a sh:NodeShape ;
sh:targetObjects0f :winPerson ;
sh:class :Person ;
sh:nodeKind sh:BlankNodeOrIRI ;
sh:property [ sh:path :name ; sh:datatype xsd:string ; sh:minCount 1 ]




SHACL: VALUE RANGE CONSTRAINTS

For each node n € N it holds that;

* sh:minInclusive m n=m
* sh:maxInclusive m n<m
* sh:minExclusive m n>m
* sh:maxExclusive m nsm

#[...]

s:AcademyBestPicture a sh:NodeShape ;
sh:targetClass :AcademyBestPicture ;
sh:property [ sh:path :year ; sh:datatype xsd:gYear ; sh:minInclusive "1929"""xsd:gVear ] .




SHACL: VALUE RANGE CONSTRAINTS

n 1929 n " "1930 n "0931" n 1932"
xsd:gYear | :AllQuiet l ‘year | ysd:int xsd:gYear | :GrandHotell xsd:gYear ':Cavalcadel

t N / t N / t

:year :winMovie :year :year :winMovie :year :winMovie
: ABP1929Y :prev :ABP1930=% :prev : ABP1933Y
rdf:type rdf:type rdf:type rdf:type rdf:type

:AcademyBestPicture rdfs:subClasst———>{}AcademyAwardj

#[...]

s:AcademyBestPicture a sh:NodeShape ;
sh:targetClass :AcademyBestPicture ;
sh:property [ sh:path :year ; sh:datatype xsd:gYear ; sh:minInclusive "1929"""xsd:gVear ]




SHACL: VALUE RANGE CONSTRAINTS

For the set of nodes N it holds that:
e sh:hasValue v vEN
e sh:in C vy..v, ) Nc{v,..,v,}

#0...]

s:USMovie a sh:NodeShape ;
sh:targetObjects0f :winMovie ;
sh:property [ sh:path :country ; sh:hasValue :US ] .




SHACL: VALUE RANGE CONSTRAINTS

"false"
xsd:boolean

.France :short
i f

rcountry country :country :country
,/’/,/~ Vv’ _
(: GentlemanAgreemen¢ ( BlcycleThleveép :Malapag _)

f f f 7

:winMovie :winMovie :winMovie :winMovie :winMovie

:ABIFF1947 |«— :prev :ABIFF1948 |«— :prev :ABIFF1949 |«— :prev :ABIFF1950 |«— :prev :ABIFF1951

rdf:type rdf:type rdf:type rdf :type rdf:type

¥

:AcademyAward

#0...]

s:USMovie a sh:NodeShape ;
sh:targetObjects0f :winMovie ;
sh:property [ sh:path :country ; sh:hasValue :US ]




SHACL: STRING-BASED CONSTRAINTS

Each node n € N is not a blank node and:

* sh:minLength m has string length > m
* sh:maxLength m has string length < m
* sh:pattern p,f matches regex p with flags f

#0...]

s:ModernYear a sh:NodeShape ;
sh:targetObjects0f :year ;
sh:datatype xsd:gYear ;
sh:minLength 4 ;
sh:maxLength 4 ;
sh:pattern "(19]/20) [0-9] [0-9]" ;

sh:flags "i" . # case insensitive pattern (just for the example)




SHACL: STRING-BASED CONSTRAINTS

n n n n " n
xs&ii%ar |:A11Quiet f—:year—>- ngigtari |:GrandHote1| xséig%ar ':Cavalcade'

:year :winMovie :year :year :winMovie :year :winMovie

:ABP1929 |«— :prev :ABP1930 |«— :prev :ABP1931 |«—:prev :ABP1932 |«— :prev :ABP1933

_——"”’—’—’—

rdf:type rdf:type rdf:type rdf:type rdf:type

:AcademyBestPicture rdfs:subClasst———»{}AcademyAwardJ

#0...]

s:ModernYear a sh:NodeShape ;
sh:targetObjects0f :year ;
sh:datatype xsd:gYear ;
sh:minLength 4 ;
sh:maxLength 4 ;
sh:pattern "(19]/20) [0-9] [0-9]" ;

sh:flags "i" . # case insensitive pattern (just for the example)




SHACL: STRING-BASED CONSTRAINTS

Each node n € N is a literal and:
* sh:languageln ( ;... 1, ) hasalang.tag matchingl e {/l,...,1,}

Fach noden € N:

* sh:uniquelLang true has no lang. tag, an empty lang. tag or
or a lang. tag unique in N

#0...]

s:MovieHasUniqueEnglishSpanishName a sh:NodeShape ;
sh:targetObjects0f :winMovie ;
sh:property [
sh:path :name ;
sh:languageIn ( "es" "en" ) ; # will also match "es-CL", etc.
sh:uniquelang true

1.




SHACL: STRING-BASED CONSTRAINTS

"Sr. Vincent" "Mr. Vincent" | "B. Thieves" | "Malapaga" | | "Mala po" "Rashomon" "EEAEF"
Qes @en : Q@es-CL Qes-CL Qen @jp
:name :name iname :name :name :name :name

|
[:GentlemanAgreement@ (:BicycleThieves@ _) XJ
f f f f

Af

:winMovie :winMovie :winMovie :winMovie :winMovie

:ABIFF1947 |«— :prev :ABIFF1948 |«— :prev :ABIFF1949 |«— :prev :ABIFF1950 |«— :prev :ABIFF1951

rdf :type rdf :type rdf:type rdf:type rdf :type

( :AcademyBestIntFeatureFi 1mJ

#0...]

s:MovieHasUniqueEnglishSpanishName a sh:NodeShape ;
sh:targetObjects0f :winMovie ;
sh:property [
sh:path :name ;
sh:languageIn ( "es" "en" ) ; # will also match "es-CL", etc.
sh:uniquelang true

]




SHACL: CARDINALITY CONSTRAINTS

Given a path e, for each node n € N, there are ...

sh:maxCount m
sh:minCount m
sh:qualifiedMinCount m, ¢
sh:qualifiedMaxCount m, ¢

at most m nodes in V¢
at least m nodes in V;?
at least m nodes in I} that satisfy ¢
at most m nodes in ;¢ that satisfy ¢

#[...]

s:FirstInSeries a sh:NodeShape ;

sh:property [ sh:path :prev ; sh:maxCount 0 ] .

s:AcademyBestPicture a sh:NodeShape ;
sh:targetClass :AcademyBestPicture ;
sh:property [
sh:path [ sh:zeroOrMorePath :prev ] ;
sh:qualifiedMaxCount 1 ;
sh:qualifiedMinCount 1 ;
sh:qualifiedValueShape s:FirstInSeries




SHACL: CARDINALITY CONSTRAINTS

]G] G (o) ] ()
:yiar :;zﬁMovie :ye;:' :prev w1nMov1e year w1nMov1e
:prev : Ofe— :prev — prev# prevw

\
rdf:type rdf:type rdf:type rdf:type rdf:type
:AcademyBestPicture rdfs:subClasst———>{}AcademyAwardj

#[...]

s:FirstInSeries a sh:NodeShape ;
sh:property [ sh:path :prev ; sh:maxCount 0 ]

s:AcademyBestPicture a sh:NodeShape ;
sh:targetClass :AcademyBestPicture ;
sh:property [
sh:path [ sh:zeroOrMorePath :prev ] ;
sh:qualifiedMaxCount 1 ;
sh:qualifiedMinCount 1 ;
sh:qualifiedValueShape s:FirstInSeries




SHACL: PROPERTY-PAIR CONSTRAINTS

Given a path e, for each target node n € N, it holds that ...

sh:equals p Vi = an
sh:disjoint p Vi n an =0
sh:lessThan p max(V;7) < min(an)
sh:lessThanOrEquals p max(l,f) < min(an)

#[...]

s:AcademyBestPicture a sh:NodeShape ;
sh:targetClass :AcademyBestPicture ;
sh:property [
sh:path ( :winMovie :year ) ;
sh:lessThan :year
13
sh:property [
sh:path [
[ sh:alternativePath (
[ sh:oneOrMorePath [ sh:inversePath :prev ] ] [ sh:oneOrMorePath :prev ]
) 1]
iyear
15
sh:disjoint :year

1.




SHACL: PROPERTY-PAIR CONSTRAINTS

xsc%:gnggear l :AllQuietl SRR x;dg:%l?lt I :GrandHOtell xsc}:gg:%{%ar [ drEEa

:year :winMovie :year :year :winMovie :year :winMovie

:prev & iprev :prev

:AcademyBestPicture rdfs:subClasst———»{}AcademyAwardj

:ABP1931

\

rdf:type rdf:type  rdf:type  rdf:type rdf:type

#[...]

s:AcademyBestPicture a sh:NodeShape ;
sh:targetClass :AcademyBestPicture ;
sh:property [
sh:path ( :winMovie :year ) ;
sh:lessThan :year
13
sh:property [
sh:path [
[ sh:alternativePath (
[ sh:oneOrMorePath [ sh:inversePath :prev ] ] [ sh:oneOrMorePath :prev ]
) 1]
iyear
15

sh:disjoint :year

]




SHACL: CLOSED CONSTRAINTS

« sh:closed true only properties in shapes graph allowed
— sh:ignoredProperties optional list of exceptions

#[...]

s:AcademyAward a sh:NodeShape ;
sh:targetClass :AcademyAward ;
sh:property [ sh:path :winMovie ; sh:nodeKind sh:IRI ] ;
sh:property [ sh:path :year ; sh:datatype xsd:gYear ] ;
sh:closed true ; sh:ignoredProperties ( :prev rdf:type ) .




SHACL: CLOSED CONSTRAINTS

x;;?g%i;r | :Al1Quiet |—:year+ ;Qﬁ?& (:Award) [:GrandHotelJ x;c}:gg:%{%;r 4:year
t N /! t N f t

:year :winMovie :year :winMovie :year :winner
: ABP1929— :prev :ABP1930°= iprev prev :prev :ABP1933
rdf:type rdf:type  rdf:type  rdf:type rdf:type

:AcademyBestPicture rdfs:subClass0f —-(: AcademyAwardj

#[...]

s:AcademyAward a sh:NodeShape ;
sh:targetClass :AcademyAward ;
sh:property [ sh:path :winMovie ; sh:nodeKind sh:IRI ] ;
sh:property [ sh:path :year ; sh:datatype xsd:gYear ] ;
sh:closed true ; sh:ignoredProperties ( :prev rdf:type )




SHACL:
SPARQL CONSTRAINTS




SHACL: SPARQL CONSTRAINTS

n 1929" : . ||1930" "1932" . ||1933"
xsd:gYear l :AllQuiet l year ¥ ysd:int xsd:gYear ‘Yyear™ ysd:gYear

:year :winMovie :year :year :year :winMovie :winMovie

: ABP1929<— iprev <— :prev :ABP1932"%— :prev : ABP19337

T s

: ABP19304— :prev : ABP193 1

rdf :type rdf:type  rdf:type  rdf:type rdf :type

:AcademyBestPicture rdfs:subClass0f —b-(: AcademyAwardJ

#[...]
s:AcademyBestPicture a sh:NodeShape ;
sh:targetClass :AcademyBestPicture ;
sh:sparql [
a sh:SPARQLConstraint ;
sh:select """
PREFIX : <http://ex.org/data/>
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>
SELECT $this (:year AS 7path) ?value ) )
WHERE { Results indicate

senis iyear Tyalue . constraint violations.

$this :winMovie/:year ?yearM .
FILTER(xsd:int (str(?yearM))+1 != xsd:int(str(?value))

&& xsd:int(str(?yearM)) != xsd:int(str(?value))) . .
) ’ $this will be replaced

with target nodes.

nun
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SHEX: SHAPE EXPRESSIONS LANGUAGE

prefix : <http://ex.org/data/>
prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
prefix xsd: <http://www.w3.org/2001/XMLSchema#>

:Award {
‘year xsd:gYear ;
:name rdf:langString + ;
:judge @:Person *

}

:AcademyAward @:Award AND {
:winMovie @:Movie + ;
:nomMovie @:Movie + ;
:winPerson @:Person * ;
:nomPerson @:Person *

1

:AcademyBestDirector @:AcademyAward

PERSON

: rdf:langString
: xsd:datel!-1]

[1..%]

t

director!!-*l

MoviE

: xsd:gYear[l“l]

xsd:booleanl®-1]

: rdf:langString/l-*

:director @:Person +

:AcademyBestPicture @:AcademyAward NI
1year : xsd:gYear[l“l] — :judge[o“*] —* :name
:Person { :name : rdf:langString(!*] :dob
:name rdf:langString + ; fi::::/w |
:dob xsd:date snomPerson(**
} :winPerson!0-*! |
ACADEMYAM%RD"t//’/’  ol1.%]
:nomMoviel
:Movie — .
{ swinMoviell-*l | ‘¥year
:year xsd:gYear ; Y :short :
:short xsd:boolean 7 : ‘name
:name rdf:langString + ;
ACADEMYBESTPICTURE ACADEMYBESTDIRECTOR




SHEX: USED BY WIKIDATA

‘II ‘I EntitySchema  Discussion Read View history

WIKIDATA actor (e25)

PREFIX p: <http://www.wikidata.org/prop/>
PREFIX wd: <http://www.wikidata.org/entity/>»
PREFIX wdt: <http://www.wikidata.org/prop/direct/>

start = @<actor>

<actor> {
wdt:P31 [wd:Q5] ;
wdt:P21 .
wdt:P1e6 . *
wdt:P106 [ wd:Q33999 wd:Q21169216]

}



SHAPES:
(OPTIONAL) VALIDATING SCHEMA!



We don't have to impose a

structure (schema)
from the start

... and we can impose a
schema any time we like

using shapes!




QUESTIONS?




