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[Abstract]

In this paper, we propose a system to provide schemas written in multiple languages for RDF

knowledge graphs derived from RML mappings. The core of the system is a common shape model
designed to support both SHACL and ShEx, which are all languages for representing the structure of
RDF graphs, called “shapes”. The model is syntax-neutral, but includes enough data to represent
constraints with the two schema languages. The data in the model are automatically collected from
RML mapping rules themselves and metadata about input data sources in RML mappings. Also, the
presented system provides a common interface to support translation of the model to multiple languages.
The translation to each language is performed by each syntax-specific implementation of the interface,
so the model data are rearranged according to each language’s syntax. This paper describes the

proposed method in detail and also presents implementation results.
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I. Introduction
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III. The Proposed System

1. System Outline
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2. RML Model
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4. Common Shape Model
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Fig. 5. The Structure of Common Shape Model

I b 4 229 425 Hojpe 22 tjojo] 1
oltt. At 2d9l ShapeModel2 Shape & &Ao] Algto]
C}. Shape %4} 47| dizol] FAIAQ1 @42 Shape
9] 519] EFIQI NodeShape 22 ArcNodeShape?] 7HA|| &
olt}. $41 NodeShape 0] A4 Z7A 9] J4= Ake
5 Qe AR 2UER 3E0] QT FolE BAISH:
NodeShape 7Rl 1 Fojof] A€ A2 5= 20
=A0] RS HASl= ArcNodeShape ZA| &2 &5}
+ &0 ArcNodeShape &0f Alof 271t =410] A|oF



A Common Shape Model To Obtain Multiple Schema Representations
For RDF Knowledge Graphs Derived From RML Mappings 235

0z VY. FAo] B3t Agojng FAjo] Alof &
A% NodeShape 7BA|tt. & ArcNodeShape2 AFA19] &
Ao}E HASH= NodeShape 78RS AT Z&5h= LA 0|2
St o]l g2 T3 50j]A] NodeShape} ArcNodeShape F+
A7 d2 A2 WAz m3dE Aol

1. RefObjectMap0i| &Jsli ZtZ k| TriplesMap 22 M
— HRE|E TriplesMap & 'THE id" 44
2. Z2 F0E MEE 71540] U TriplesMap7|2| S2{AEY
3.2 2YAHEE EYAH HHES 2E ZF 7517
4. BE FeAHQ 22| 20| I S5t0{ Shape 44
— SubjectMap 2 Z £E{ NodeShape4li A
— SubjectMap2| classes £4
PredicateObjectMap
5. # 2 E|& TriplesMap0| £&F 20| A 44 =l NodeShapeg2
OR @422 HZASH NodeShape 44
— 'l & id'E 0| NodeShape?| id2 &Y

J~ S 22 H ArcNodeShape 4
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5. Serialization of Common Shape Model

public interface ShapeWriter {

String writeDirectives(Map<String, IRI> prefixMap);

String writeNodeShape(NodeShape nodeShape);

String writeArcNodeShape(ArcNodeShape arcNodeShape);
}

Fig. 7. Interface for Shape Serialization
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Table 2. RML-to-Shape Terms Mapping

RML SHACL |  ShEx s|p|o
termType nodeKind 4 4
classes .
constant path predicate v
classes hasValue objectValue v
template pattern 4 v
constant hasValue objectValue v 4
datatype datatype v
languageMap languageln | Language v
parentTriplesMap | node tripleExprRef v
reference Refer to Table 1.
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6. Demonstration of Graph Schema Creation

1: ID, Sport, Name

2: 10, 100, Venus Williams

3: 20, ,Demi Moore
[student.csv]

1: ID, Name
2: 100, Tennis
[sport_en.csv]

1: ID, Name

2: 100, Tenis
[sport_es.csv]

Fig. 8. Input Files
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2| dlo|ejol RML 2415 uleho2 Aot Al Asjo] AVt
Ait JPno] 152 A5
I3 125 =9 U89 SHACL A7|ojch

A Ol
T Mo

01: @prefix rr: <http:/fwww.w3.org/nsirZrml#= .

02: @prefix foaf: <http:/xmins.com/foafl0.1/> .

03: @prefix rml: <hitp:isemweb.mmlab.be/ns/rmig> .

04: @prefix gl: <http:/isemweb.mmlab.be/ns/ql#> .

05; @prefix ex; <http:/fex.com/> .

06: @prefix rdfs: <http:/iwww.w3.0rg/2000/01/rdf-schema#= .
07: @base <http:/lex.com/base/> .

08: <TM1= a m:TriplesMap;
09:
10:

rml:logicalSource [
rml:source "student.csv”; rmlireferenceFormulation gl:CSV |,
. msubjectMap [ rrtemplate "hitp:/fex.com/student{ID}" ];

12:
13:
14:

rrpredicateObjectMap [
rrpredicate foaf.name |
rr:objectMap [ rmlireference "Name"; ] ];

15:
16:
17:
18:
19:
20:

mm:predicateObjectMap [
rmpredicate ex:practises ;
rr.objectMap [
a m:RefObjectMap ;
mparentTriplesMap <TM2>;
rr:joinCondition [ rrichild "Sport™ ; rrzparent "ID" ; ]]].
21:
22:
23

<TM2> a rr:TriplesMap;
rml:logicalSource [
rml:source "sport_en.csv"; rml:referenceFormulation gl:CSV |;

24; rrsubjectMap [ mitemplate "hitp:/fex.com/sport{ID}" 1;

25 mpredicateObjectMap [

26: mpredicate rdfs:label ;

27: rm.objectMap [ rmlireference "Name”; rrlanguage "en” J; ].
28; <TM3> a m:TriplesMap;

29: rmklogicalSource [

300 rmlsource "sport_es.csv”; rmlireferenceFormulation ghCSV ]
31 msubjectMap [ rmtemplate "hitp:/fex.com/sport{ID}" ];

32 rmrpredicateObjectMap [

33 mpredicate rdfs:label ;

34:  mobjectMap [ rmlireference "Name"; rrlanguage "es" ]; .

Fig. 9. RML Document

O 9= TMI, TM2, TM3=Z HH= AN 719 triples
mapO 2 JLAE]o] 9tk 8~20380] TM1o]al, 21~27310]
TM20]0, 28~34380] TM3o]t}t. TM1E strudent.csvs
7¥R)1,  TM2E=  sport_en.csve  7HK|1, TM3=

sport_es.csvs 7HA]1L E2]=& A§Adstict

ShEx A7|0to]il

: @prefix foaf: <http://xmins.com/foaf/0.1/> .
: @prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
: @prefix ex: <http://ex.com/> .

: ex:student10 foaf:name "Venus Williams" .
: ex:student10 ex:practises ex:sport100 .

: ex:student20 foaf:name "Demi Moore" .

1 ex:sport100 rdfs:label "Tennis"@en .

: ex:sport100 rdfs:label "Tenis"@es .

Fig. 10. Result RDF Graph
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01:
02:
03:
04:

PREFIX my: <http://my.ex/ns#>

PREFIX ex: <http://lex.com/>

PREFIX rdfs: <http:/fwww.w3.0rg/2000/01/rdf-schema#=>
PREFIX foaf: <http:/fxmins.com/foaf/0.1/>

05:
06:
07:
08:}

my:S1 IRl /http:\Wex\.comVstudent(.{2,})3/ AND CLOSED {
$my:P1 foaf:name LITERAL MINLENGTH 10 MAXLENGTH 14
$my:P2 ex:practises @my:SO1 7;

09: my:S2 IRI /*http:\Wex\.comVsport(.{3,})$/ AND CLOSED {
10: $my:P3 rdfs:label [@en] LENGTH &
11:}

12: my:S3 IRI /http:\Wex\.comV/sport(.{3,})$/ AND CLOSED {
13: $my:P4 rdfs:label [@es] LENGTH 5
14:}

15: my:SA1 IRI /Ahttp:VWex\.comVsport(.*)$/ AND CLOSED {
16: $my:P5 rdfs:label [@en] LENGTH 6;

17: $my:P6 rdfs:label [@es] LENGTH 5

18:}

19: my:SO1 @my:S2 OR @my:SA1

Fig. 11. ShEx Schema for Fig. 10
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01: @prefix my: <http:/my.ex/ns#= .

02: @prefix ex: <http:/lex.com/> .

03: @prefix sh; <http:/fwww.w3.org/ns/shacl#> .

04: @prefix rdfs: <http:/fwww.w3.0rg/2000/01/rdf-schema#= .
05: @prefix foaf: <http:/fxmins.com/foaff0.1/> .

06: my:S1 a sh:ModeShape ; sh:closed true ;
07:  sh:nodeKind sh:IRI ;

08: sh:pattern "“http://fex.com/student(.{2 })$" ;
09:  sh:property my:P1;

10:  sh:property my:P2 .

11: my:P1 a sh:PropertyShape ;

12:  sh:path foaf:name ;

13:  sh:nodeKind sh:Literal ;

14:  shiminLength 10 ; sh:maxLength 14 ;
15:  sh:minCount 1 ; sh:maxCount 1 .

16: my:P2 a sh:PropertyShape ;
17:  sh:path ex:practises ;

18:  sh:node my:501 ;

19:  shimaxCount 1 .

20: my:S2 a sh:NodeShape ; sh:closed true ;
21:  sh:nodeKind sh:IRI ;

22:  sh:pattern "*http:/lex.com/sport(.{3,})$" ;
23:  sh:property my:P3 .

24: my:P3 a sh:PropertyShape ;

25:  sh:path rdfs:label ;

26:  sh:languageln ("en" ) ;

27:  sh:minLength 6 ; sh:maxLength 6 ;
28:  sh:minCount 1 ; sh:maxCount 1.

29: my:S3 a sh:NodeShape ; sh:closed true ;
30:  sh:nodeKind sh:IRI ;

31:  sh:pattern "*http:/lex.com/sport(.{3,})8" ;
32:  sh:property my:P4 .

33: my:P4 a sh:PropertyShape ;

34:  shipath rdfs:label ;

35:  shilanguageln ( "es" ) ;

36: sh:minLength 5 ; sh:maxLength 5 ;
37:  sh:minCount 1 ; sh:imaxCount 1.

38: my:SA1 a sh:NodeShape ; sh:closed true ;
39:  shinodeKind sh:IRI ;

40:  sh:pattern "http://ex.com/sport(.*)$" ;
41:  sh:property my:P5 ;

42:  sh:property my:P6 .

43: my:P5 a sh:PropertyShape ;

44:  sh:path rdfs:label ;

45:  sh:qualifiedValueShape [

46: sh:languageln ( "en" ) ;

47 sh:minLength 6 ; sh:maxLength 6] ;

48:  sh:qualifiedMinCount 1 ; sh:qualifiedMaxCount 1 .
49: my:P6 a sh:PropertyShape ;

50: sh:path rdfs:label ;

51!  shuqualifiedValueShape [

52: sh:languageln ( "es™ ) ;

53: sh:minLength 5 ; sh:maxLength 5] :

54:  sh:qualifiedMinCount 1 ; sh:qualifiedMaxCount 1 .

55: my:S0O1 a sh:NodeShape : shior ( my:S2 my:SA1 ).
Fig. 12. SHACL Schema for Fig. 10
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IV. Conformance Test
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Table 3. Test Result Summary

Result Description catZgg:ies
validation success 42
1. schema creation failed 4
2. schema created but no graph 8
3. schema created but validation failed
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