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[Abstract]

In this paper, we propose a system which automatically generates SHACL schemas to describe and
validate RDF knowledge graphs constructed by RML mappings. Unlike existing studies, the proposed
system generates the schemas based on not only RML mapping rules but also metadata extracted from
RML mapping input data in various formats such as CSV, JSON, XML or databases. Therefore, our
schemas include the constraints on data type, string length, value range and cardinality, which were not
present in the existing schemas. And we solves the problem with "repeated properties" which
overlooked in existing studies. Through a conformance test consisting of 297 cases, we show that the
proposed system generates correct constraints for the graphs. The proposed system can contribute to

automation of the tedious and error-prone existing manual validation processes.
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I. Introduction
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1: Code, Name

2: BO, "Bolivia, Plurinational State of"
3: IE, Ireland
Fig. 1. country_en.csv

1: Code, Name

2: BO, "Estado Plurinacional de Bolivia"
3:1IE, Irlanda
Fig. 2. country_es.csv
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01: @prefix rr: <http://www.w3.org/ns/r2rml#>.

02: @prefix rml: <http://semweb.mmlab.be/ns/rml#>.

03: @prefix gl: <http://semweb.mmlab.be/ns/ql#>.

04: @prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>.
05: @base <http://example.com/base/>.

06: <TriplesMap1>
07: arr:TriplesMap;

08: rml:logicalSource [
09:  rml:source "country_en.csv";
10:  rml:referenceFormulation gl:CSV ];

11: rr:subjectMap [
12:  rr:template "http://example.com/{Code}"

13: rr:predicateObjectMap [
14:  rr:predicate rdfs:label ;
15:  rr:objectMap [

16: rml:reference "Name";
17: rr:language "en" ] 1.

18: <TriplesMap2>
19: a rr:TriplesMap;

20: rml:logicalSource [
21:  rml:source "country_es.csv";
22:  rml:referenceFormulation ql:CSV ];

23: rr:subjectMap [
24:  rr:template "http://example.com/{Code}"];

25: rr:predicateObjectMap [
26:  rr:predicate rdfs:label ;
27:  rriobjectMap [

28: rml:reference "Name";
29: rr:language "es" ] ].

Fig. 3. RML Graph
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1: @prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema# >.

2. <http://example.com/BO>
3: rdfs:label "Bolivia, Plurinational State of"@en ;
4. rdfs:label "Estado Plurinacional de Bolivia"@es.

5: <http://example.com/IE>
rdfs:label "Ireland"@en ;
rdfs:label "Irlanda"@es.

No

Fig. 4. Result RDF Graph by Fig. 3

01: @prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>.
02: @prefix sh: <http://www.w3.org/ns/shacl#>.

03: <http://example.com/base/TriplesMap1/shape>
04: a sh:NodeShape ;

05: sh:nodeKind sh:IRI ;

06: sh:pattern "http://example.com/.x" ;

07: sh:property [

08: sh:languageln ( "en") ;

09: sh:nodeKind sh:Literal ;

10:  sh:path rdfs:label ] .

11: <http://example.com/base/TriplesMap2/shape>
12: a sh:NodeShape ;

13: sh:nodeKind sh:IRI ;

14: sh:pattern "http://example.com/.*" ;

15: sh:property [

16:  sh:languageln ( "es" ) ;

17:  sh:nodeKind sh:Literal ;

18:  sh:path rdfs:label ] .

Fig. 5. Shape Graph Derived from Fig. 3
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1: <http://example.com/sbjli> .

2: <http://example.com/sbj2>
3: <http://ex.com/predicate> "obj" .

Fig. 6. Additional Triples to Expose Vulnerability of Fig. 5
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1. System Outline
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Fig. 7. Proposed System Outline
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{'Name": 'John',
(71)  'Location": { 'City". 'Los Angeles', 'State". 'CA"},
'Hobbies": [ 'Music', 'Running' ] }
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John | {'City": 'Los Angeles', 'State": 'CA"} | [ 'Music', 'Running']
() | John Los Angeles CA Music

| John ’ Los Angeles ‘ CA ‘ Running |

Fig. 8. Example of Flattening Operation for JSON
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Table 1. Extracted Metadata & Where to Be Used
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01: <TriplesMap1>

02: a rr:TriplesMap;

03: ...

04: rr:predicateObjectMap [
05: rr:predicate ex:practises ;
06: rr:objectMap [

07: a rr:RefObjectMap ;

08: rr:parentTriplesMap <TriplesMap2>;
09: rr:joinCondition [

10: rr:child "Sport" ;

11: rr:parent "ID" ; ]

12: 1

13: 1.

Fig. 9. Example of Using a Referencing Object Map
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2.3 Construction of SHACL Model

SHACL EE*E‘S 2 10%] Shape ZBA|S0] A3to g
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PropertyShape?] #/l= SHACL Atefe] 9|5 wsitt.

1

<<abstract>>

SHACLModel [@—————>
Shape
Extends vExtends
NodeShape PropertyShape

Fig. 10. UML Class Diagram of SHACL Model
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Table 2. Terms Mapping between RML and SHACL

RML SHACL S P 0
rritermType sh:nodeKind 4 4
rriclass shiclass v v
rritemplate sh:pattern 4 v
rriconstant sh:hasValue v v
rriconstant sh:path v
rridatatype sh:datatype v
rr:language sh:languageln v
rr:subject sh:hasValue v
rripredicate sh:ipath 4
rr:object sh:hasValue v
rr:parentTriplesMap sh:node v
rricolumn Refer to Table 1.
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\ 4

TriplesMap

SubjectMap

PredicateObjectMap

Typel NodeShape

PropertyShape

Type2 NodeShape

PropertyShape

Type3 NodeShape

Typel NodeShape
Type2 NodeShape

Build Sequence of SHACL Model

| PredicateMap | |ObjectMap|

| PredicateMap | |RefObjectMap|

Fig. 11.
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2.4 SHACL Serialization
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01: @prefix my: <http://my.example/ns#>.

02: @prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.
03: @prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>.

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

05: my:TriplesMap1Shape

06: ash:NodeShape ;

07:  sh:closed true ;

08:  sh:ignoredProperties (rdf:type) ;

09:  sh:nodeKind sh:IRI ;

10:  sh:pattern "~http://example.com/(.{2,})$" ;
11:  sh:property my:TriplesMap1Shape-rdfs-label .

12: my:TriplesMap1Shape-rdfs-label
13:  a sh:PropertyShape ;

14:  sh:path rdfs:label ;

15:  sh:nodeKind sh:Literal ;

16:  sh:languageln ( "en") ;

17:  sh:minLength 7 ;

18:  sh:maxLength 31 ;

19:  sh:minCount 1 ;

20:  sh:maxCount 1.

Fig. 12. Part 1 of Our Shape Graph Derived from Fig. 3
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01: my:TriplesMap2Shape

02: ash:NodeShape ;

03:  sh:closed true ;

04: sh:ignoredProperties (rdf:type) ;

05:  sh:nodeKind sh:IRI ;

06:  sh:pattern "~http://example.com/(.{2,})$" ;
07:  sh:property my:TriplesMap2Shape-rdfs-label .
08: my:TriplesMap2Shape-rdfs-label

09:  a sh:PropertyShape ;

10:  sh:path rdfs:label ;

11:  sh:nodeKind sh:Literal ;

12:  sh:languageln ( "es" ) ;

13:  sh:minLength 7 ;

14: sh:maxLength 31 ;

15:  sh:minCount 1 ;

16:  sh:maxCount 1.

Fig. 13. Part 2 of Our Shape Graph Derived from Fig. 3

T2 138 7 39] TriplesMap2 2 5-E 28443t Typel
NodeShape 7Z8x|Q} PropertyShape 7ZBA|7} =23t
SHACL t&olct}t. TriplesMaplit TriplesMap27f +&
7b 27 dizoll 29 129F 1Y 13 ®5F 27t ZYstt
& 13 2% HoJE A2 HEHHolEo|A 7HH L e 2
o= U & Ut 2y o]A2 & triples mapo] A}
&sh= CSV ool ZIAt thEole kot 5] & ¢
og] Ao} fEfvt 2 Axto] 7]Qlgt Aot}

O 149] 1~8380]] 9= node shaped Type2
NodeShape® &3 At siEstc}. o] node shapel
O 129F 3= 139] = node shape©] sh:nodeKind@}t
shipattern®] gfo] 22 ol A/dH Zlolt}. o] node
shapeo] A&sk= I3 149 Sl 27H9] property
shapel ©.% “repeated properties” Jt&0f tjjst Ojjy]
7} Std=l Afc. 78 129 property shapedt 7§ 13
9] property shape©] A|%sh= £017} & T rdfs:label
2 FEEY] gigoltt. 13 149 & property shapeg
WAksH B 7]E property shape®] S4l0f & H5-2
st Aok 2ASL EMj= sh:qualifiedValueShape?]
goz Astn 9ge AT & Yot ER JIE
property shape®] sh:minCount?} sh:maxCount THAI
sh:qualifiedMinCount®} sh:qualifiedMaxCount’} A&
ElS2 I 4 Qlot. SHACLAIA ol2igh &5 At
&5tH Bl L BVF wols AT £A0j9] &I} AJo]
gk olg] wof-3Al0] B2 7HXAL Q2 I &0t 354
o 27t BAolo] 1AMz 7} sANoR A%
& 4 9 o,

01: my:TriplesMap1-TriplesMap2ShapeAnd

02: a sh:NodeShape ;

03:  sh:closed true ;

04: sh:ignoredProperties (rdf:type) ;

05: sh:nodeKind sh:IRI ;

06: sh:pattern "~http://example.com/(.{2,})$" ;

07: sh:property my:TriplesMap1Shape-rdfs-label-q1 ;
08: sh:property my:TriplesMap2Shape-rdfs-label-q1 .

09: my:TriplesMap1Shape-rdfs-label-q1
10: a sh:PropertyShape ;

11:  sh:path rdfs:label ;

12: sh:qualifiedValueShape [

13: sh:nodeKind sh:Literal ;
14: sh:languageln ( "en" ) ;
15: sh:minLength 7 ;

16: sh:maxLength 31

17: 1;

18: sh:qualifiedMinCount 1 ;
19:  sh:qualifiedMaxCount 1 .

20: my:TriplesMap2Shape-rdfs-label-q1
21: a sh:PropertyShape ;

22:  sh:path rdfs:label ;

23: sh:qualifiedValueShape [

24: sh:nodeKind sh:Literal ;
25: sh:languageln ( "es" ) ;
26: sh:minLength 7 ;

27: sh:maxLength 31

28: 1;

29:  sh:qualifiedMinCount 1 ;
30: sh:qualifiedMaxCount 1 .

Fig. 14. Part 3 of Our Shape Graph Derived from Fig. 3
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01: my:TriplesMap1ShapeOr
02: a sh:NodeShape ;

03: sh:or (

04: my:TriplesMap1-TriplesMap2ShapeAnd
05: my :TriplesMap1Shape

06: ).

07: my:TriplesMap2ShapeOr
08: a sh:NodeShape ;

09: sh:or (

10: my:TriplesMap1-TriplesMap2ShapeAnd
11: my: TriplesMap2Shape

12: ).

Fig. 15. Part 4 of Our Shape Graph Derived from Fig. 3
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Table 3. Test Summary

Result # Of.
categories
schema creation failed 4
schema created but no graph 8
schema created but validation failed 6
validation success 42
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