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[Abstract]

In this paper, we propose a system which automatically generates the ShEx schemas

to describe and

validate RDF knowledge graphs constructed by RML mapping. ShEx schemas consist of constraints.

The proposed system generates most of the constraints by converting the RML mapping rules. The

schemas consisting only of constraints obtained from mapping rules can help users to figure out the

structure of the graphs generated by RML mapping, but they are not sufficient for sophisticated

validation purposes. For users who need a schema for validation, the proposed system is also able to

provide the schema with added constraints generated from metadata extracted from

the input data

sources for RML mapping. The proposed system has the ability to handle CSV, XML, JSON or

RDBMS as input data sources. Testing results from 297 cases show that the proposed system can be

applied for RDF graph validation in various practical cases.
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I. Introduction
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1. Comparison of SHACL and ShEx
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2. Direct Mapping, R2ZRML and RML
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III. The Proposed System

1. System Overview
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Query Result
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ShExDocWriter

ShEx Document

ﬂ

Fig. 1. System Overview
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2. RML Model Details
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PredicateMap
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Fig. 2. Major Classes of RML Model
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ObjectMap
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Fig. 3. TermMap and its subclasses
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3. Metadata Extraction from Data Sources

Table 1. Metadata Map
Key (RML Model Object) value
v ! (Metadata)
predicate-object pair cardinality
object map generating literals with rricolumn | data type

object map generating numeric literals

) . value range
with rricolumn 9

object map generating string literals

. length ran
with rricolumn eng ahge

term map with rritemplate length range

{'User": 'Rachel’,
(a) 'Info": {'ID": 'RML2ShEX', 'Email': 'who@foo.com' },
'Friends": [ 'John', 'Emily' ] }

Rachel | {'ID": 'RML2ShEX', 'Email": 'who@foo.com'} | [ 'John', 'Emily" ]

(c) | Rachel
| Rachel

RML2ShEx who@foo.com John

‘ RML2ShEx | who@foo.com | Emily ]

Fig. 4. Example of Flattening for JSON Data Set
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o] Bt} ARHglo] wANg R IhRsto] Zolol |4
RS Attt & 12 o] ©AoA L5k EfH|o]
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4. ShEx Model Details

ShExModel = { declarableShapeExprs: Set<DeclarableShapeExpr> }

ShapeExpr = DeclarableShapeExpr | ShapeExprRef

DeclarableShapeExpr = {id: IRI }

ShapeExprRef = { shapeExprLabel: IRI }

DeclarableShapeExpr = NodeConstraint | Shape | ShapeAnd | ShapeOr

NodeConstraint = { nodeKind: NodeKinds, values: Set<ValueSetValue>,
datatype: IRI, xsFacets: Set<XSFacet> }

Shape = { closed: Boolean, expression: TripleExpr}

ShapeAnd = { shapeExprs: Set<ShapeExpr> }

ShapeOr = { shapeExprs: Set<ShapeExpr> }

ValueSetValue = Language | ObjectValue
Language = { languageTag: String }
ObjectValue = IRIREF | ObjectLiteral
IRIREF = { value: IRl }

ObjectLiteral = { value: String }

XSFacet = StringFacet | NemericFacet
StringFacet = { pattern:String, flags:String,

stringLength:StringLength, INTEGER: Integer }
NumericFacet = { numericRange:NumericRange, numericalLiteral: String }

TripleExpr = DeclarableTripleExpr | TripleExprRef

DeclarableTripleExpr = {id: IRl }

TripleExprRef = { tripleExprLabel: IRI }

DeclarableTripleExpr = TripleConstraint | EachOf

TripleConstraint = { inverse: Boolean, predicate: IRI, valueExpr: ShapeExpr,
min: Integer, max: Integer }

EachOf = { expressions: Set<TripleExpr> }

NodeKinds = { IRI, BNODE, LITERAL }
StringLength = { LENGTH, MIN_LENGTH, MAX_LENGTH }

NumeicRange = { MIN_INCLUSIVE, MIN_EXCLUSIVE,
MAX_INCLUSIVE, MAX_EXCLUSIVE }

Fig. 5. Structure of ShEx Model
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Fig. 6. Process to Build a ShEx Model
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a8 72 Al 719 CSV mde] Y82 Bojct 7} uf
do] Al W o> 3 egolct. 82 Al 7i9] triples map
07 HgE]of it} 7~1998, 20~26°8, 27~33°80] wAHh
=2 TriplesMapl, TriplesMap2, TriplesMap32 HH¥
triples mapo|t}. 73 89] 938, 2238, 293Ho|A] ZFzto
triples map©] A}419] tfg A2 A8 fojE A

=

: ID, Sport, Name
: 10, 100, Venus Williams
3: 20, ,Demi Moore
[student.csv]

N

-

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

-

: ID, Name
2: 100, Tenis
[sport_es.csv]

Fig. 7. Input Data

Ak olc

08:
09:

10:

11:
12:
13:

14:
15:
16:
17:
18:
19:

24:
25:
26:

27:

28:
29:

30:

31:

32:
33:

: @prefix rr: <http://www.w3.org/ns/r2rml#>.

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

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

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

: @base <http://example.com/base/>.

: <TriplesMap1> a rr:TriplesMap;

rml:logicalSource [
rml:source "student.csv"; rml:referenceFormulation gql:CSV ];

rr:subjectMap [ rr:template "http://ex.com/student{ID}" ];

rr:predicateObjectMap [
rr:predicate foaf:name ;
rr:objectMap [ rml:reference "Name" ] ] ;

rr:predicateObjectMap [
rr:predicate <http://ex.com/practises> ;
rr:objectMap [
a rr:RefObjectMap ;
rr:parentTriplesMap <TriplesMap2>;
rr:joinCondition [ rr:child "Sport" ; rr:parent "ID" ; 111 .

: <TriplesMap2> a rr:TriplesMap;

rml:logicalSource [
rml:source "sport_en.csv"; rml:referenceFormulation gl:CSV ];

rr:subjectMap [ rr:template "http://ex.com/sport{ID}" ];
rr:predicateObjectMap [

rr:predicate rdfs:label ;

rr:objectMap [ rml:reference "Name" ; rr:language "en" ]; ].

<TriplesMap3> a rr:TriplesMap;

rml:logicalSource [
rml:source "sport_es.csv"; rml:referenceFormulation ql:CSV ];

rr:subjectMap [ rr:template "http://ex.com/sport{ID}" 1;
rr:predicateObjectMap [
rr:predicate rdfs:label ;

rr:objectMap [ rml:reference "Name" ; rr:language "es" ]; ].

Fig. 8. RML Document

1o

i

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

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

w N

: ex:student10 foaf:name "Venus Williams
: ex:student10 ex:practises ex:sport100 .
: ex:student20 foaf:name "Demi Moore" .
: ex:sport100 rdfs:label "Tennis"@en .

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

0 N O U A

Fig. 9. Result RDF Graph by Fig. 8

01: PREFIX my: <http://my.example/ns#>

02: PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
03: PREFIX foaf: <http://xmlns.com/foaf/0.1/>

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

05: my:SO @my:S4 OR @my:S5
06: my:S1 @my:S3 OR @my:S5

07: my:S2 IRI /~Ahttp:\/\Vex\.com\/student(.{2,})$/ AND CLOSED {
08: ex:practises @my:S0 ?;

09: foaf:name LITERAL MINLENGTH 10 MAXLENGTH 14

10: }

11: my:S3 IRI /~http:\/VVex\.com\/sport(.{3,})$/ AND CLOSED {
12: $my:TO rdfs:label [@es] LENGTH 5
13: }

14: my:S4 IRI /~http:\/VVex\.com\/sport(.{3,})$/ AND CLOSED {
15: $my:T1 (

16: Aex:practises @my:S2;

17: rdfs:label [@en] LENGTH 6

18: )

19: }

20: my:S5 IRI /Ahttp:\/\Vex\.com\/sport(.{3,})$/ AND CLOSED {

21: &my:TO;
22: &my:T1
23: }

Fig. 10. ShEx Document From Fig. 7~8 For Fig. 9
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