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[Abstract]

In this paper, we proposes a method to automatically construct SHACL schemas for RDF knowledge
graphs(KGs) generated by Direct Mapping(DM). DM and SHACL are all W3C recommendations. DM
consists of rules to transform the data in an RDB into an RDF graph. SHACL is a language to describe
and validate the structure of RDF graphs. The proposed method automatically translates the integrity
constraints as well as the structure information in an RDB schema into SHACL. Thus, our SHACL
schemas are able to check integrity instead of RDBMSs. This is a consideration to assure database
consistency even when RDBs are served as virtual RDF KGs. We tested our results on 24 DM test cases,

published by W3C. It was shown that they are effective in describing and validating RDF KGs.
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I. Introduction
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II. Preliminaries
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Table 3. RDF Triple Patterns on Direct Mapping
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Tasks

PK

Projects - Projects(name, deptName)

name deptName id project deptName

pencil pencil

01 @base <http://foo.example/DB/>

02 @prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
03 @prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

04

05 _:c rdf:type <Projects> .

06 _:c <Projects#name> "pencil" .

07 _:c <Projects#deptName> "accounting" .

08

09 <Tasks/id=7;project=pencil> rdf:type <Tasks> .

10 <Tasks/id=7;project=pencil> <Tasks#id> 7 .

11 <Tasks/id=7;project=pencil> <Tasks#project> "pencil" .

12 <Tasks/id=7;project=pencil> <Tasks#deptName> "accounting" .
13 <Tasks/id=7;project=pencil> <Tasks#ref-project;deptName> _:c .

accounting 7 accounting

Fig. 1. An Example of Direct Mapping
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III. The Proposed Method

1. System Overview
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Fig. 2. Architecture of the Proposed System

RDB 7152 RDBMSO| 7&stof RDB A7|0f ZJHet
RDB QI4BIA Solelg 2t} 49] 50l Fasts
718 gutsit} ARl RDBMSZ9] A< DBBridge
7} == E}E}o}q }\]/\Eﬂo RDF —raﬂug} SHACL /\7]5}

=2 sy AT S5 9lon 717k =2l o g AIASE 4~

T Qes AR ol ot RDB A7|0F 27}
ZEA 0 ALRED] RDF 124z o] 2315l 790t
RDB QIAEIA Clo[E{7} 817 AFEIL) woly AlAEle
RDBMS2}o] ¢1740] 425 RDF &2 SHACL 25 A)
2} o]&of DBSchemaFactoryS A188x]7 RDB A7|0t A
HE DBBridges £8f] ¥R og 441510 DBSchema
2720 #5310 = o] 9l A5 DBSchema?
O]E1u]o]/\e 3] RDB A7|u0} S TFut=
RDF A|5-2 DMoj| 2Jgt RDF 22f L Ad-= %%?JUL
DM tfjg #%1-2 RDFModelFactory2t RDFWriterof] -3
T]o] 9ltt. RDFModelFactoryofl+= RDB @ A2 Y E RDF
Q42 M5t F4lo] RDFWriteroll= RDF 242 A|2
2 EE5 dsk= #A]o] F_iE]of glct. RDFModel
S RDFModelFactory?t 4531}t RDFModel2 RDB A
7o} @42 vE YHs 94E Yelo] ROF Q49 74
A9] RDB QIAEA To]g7} 3ga5H &A= RDF @4
Ui At HEs ez Exfshs ojehy RDF
Q42 5o} 9k @El Bel] ROF Q4 72 A}
Al tigsk= RDB A7|op @45 Hyshy Qo
RDFWriter= RDF Jz2fjt &3S ohodsitt. RDFWriter
“ RDFModelo]| ZAJ51= RDF Q42 E2]Z2 x5l
=l RDF JgjZ=2 Z2sit o|nfj, RDFWriter=
RDFModelo]| Q1= EISS] E]H 0|9 Q A7} A2l
t20] DBBridge2 £5} £33 RDB QAEA Ho|g2
A2 7 S5 5 PUE FEl RAg vEws 1
S 9i=rh %, RDFModel2 9AL 7HE RDB QIAEIA
2 2420 2ot ROF 928 g7 e
SHACL 7152 DMoj| ©jsfi A8/ RDF Z12jjzof] et
SHACL A7)0} AL gdsit}t, SHACLModelFactory

rOl‘

%

o



Automatic Construction of SHACL Schemas for RDF Knowledge Graphs Generated by Direct Mappings 27

= RDFModel25E  SHACLModel2  A3AJstct.
SHACLModel®] 4 @4 shapeo|t}t. shape?] 14
QAL conststrainto|C}. ZF2H0] shapel AYA A] AT
9 RDF @4 %0t ofgt 7 RDF Q40f B#g]o] 9l
-&5H= RDB A7|0F 94 & th2HE E& constraint
= 4517 9ol WAt 7h FHIETH SHACLWriters
SHACLModel®] 7t @ A4S SHACL 8o gkxo] 24
ez sejsict

2. Extraction of Relational Schema

T3 32 RDF 25y} SHACL 238 A3/do] 7]8to] &
DBSchema=z 441=l RDB A7|0} AHO] LXE Ho]
ot 28 30M ZEA] BfAe S2j20]al oA vt

L 2golct.

> o

|

DBSchema
*

0.1 "
primaryKey 0.1
I Table

“~{ supportsTimeZone

minValue

+ L_Foreignkey
1”*

| Column +—1| DataType

1] [0.1
| isNotNull ||

maxValue

each 0.1] 0.1

enum || maxLength || isUnsigned |

| precision || scale |
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3. Construction of RDF Model

1% 4= RDFModelFactory?t DM9] oj@ 4Alof| w2k
DBSchemaz 8E 1%3F RDFModel?] &S Ho|&r}
9 4ol ZEA] BfAE ZEA0] 4L oA YA B
Holct. RDFModel®] £ baselRF= F-&%2 J2jmofA
RDB @ 4288 el 2= RO Ot 3-8 AFol2
4] RDFModel 78A]| 2874 A] @]Fol F=0ix1ct. RDFModel
= Alefet YHA] 222 25 sligshe RDF 24 A
Al mag DM} At 1S Zit upgst o,

Literal *[ TablelRI
1 columValue, datatype |

14| RDFModel +——*| ReferencePropertylRI |
RowNode

Ii table, pkColumValuePair |
—*{ LiteralPropertyIRI I

Fig. 4. Structure of RDFModel
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4. Construction of SHACL Schema
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Fig. 5. Structure of SHACLModel
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getth. A|AEIS ReferencePropertylRl ZBA] 1715
PropertyShape 27012  AAJSict. o] 7499
PropertyShape 7BAl&2 1709 9J2f7] o= <lsf
reference triple 8302 HZAE @& row node %9
AR A BARRIE o9t sfue £0] row nodeE 9
gk zoje} ZAo] 2| HARE=olu o]F Type2et SHl
. o2 shte 5501 row nodeg et Foieh 2o 4
9] BARE- ot o]Z Type3zt ST

2 59 @& NodeShape’} PropertyShape o31<
AxsH 22 Qujgitt. A|ARL2 PropertyShape 7HA]

= 245 At UmA]l oF 845 BARI:E
NodeShape Zixflof] S-St} oj2jeh A 478 g o=
A 22 25 NodeShape ZHA|7} ARAle] BA} ChAfa}
de BE AgRde ARsHl ettt

T3 6~9% SHACLModel W9 72t2to] Shape’t 7L &
7ol Mt 25t Bl= SHACL F-2oltt. 1 6~90414

2CAL SHACLo] Aolgt Alepazioln 7t 3 950
1Y, W, e o 3o AlekRio]l E2E 4 Qe
548 S T2 18], 72 0 EE 18], e 13] o
A, %2 03] o]idolct.
01 | nodeShapelRl |1
02| a sh:NodeShape ; L1
03 sh:targetClass tablelRI ; L1
04| shinodeKind sh:IRI | sh:BlankNode ; L1
05 sh:class tablelRl ; | 1]
06| sh:pattern regkxp ; | 7]
07 sh:property [Typel]propertyShapelRI ; +
08 sh:property [Type2]propertyShapelRl ; *
09 sh:property [Type3]propertyShapelRI . *

Fig. 6. NodeShape Syntax
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01| [Typel]propertyShapelRl

02 a sh:PropertyShape ;

03 sh:path literalPropertyIRI ;
04 sh:nodeKind sh:Literal ;
05 sh:datatype IRI ;

06 shiin ( literalSet ) ;

07 sh:pattern regExp ;

08 sh:mininclusive literal ;
09 sh:maxinclusive literal ;
10 sh:maxLength nonNegativelnteger ;
11 sh:minCount 1 ;

12 sh:maxCount 1 .

A‘.Q‘.Q‘.Q‘.Q‘.Q‘.g‘A‘A‘A‘A‘A

Fig. 7. Typel PropertyShape Syntax

01| [Type2]propertyShapelRl

02 a sh:PropertyShape ;

03 sh:path referencePropertylRI ;

04 sh:nodeKind sh:IRI | sh:BlankNode ;
05 sh:class tablelRI ;

06 sh:minCount 1 ;

07 sh:maxCount 1 .

A‘.Q‘A‘A‘A‘A‘A

Fig. 8. Type2 PropertyShape Syntax

01| [Type3]propertyShapelRl | 1]
02 a sh:PropertyShape ; | 1]
03 sh:path [sh:inversePath referencePropertylRI] ; | 1 |
04 sh:nodeKind sh:IRI | sh:BlankNode ; 1

05 sh:class tablelRI . IR

Fig. 9. Type3 PropertyShape Syntax
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Table 5. Constraints Used Depending on Data Type

Data Type Used Constraint
xsd:boolean sh:in
sh:pattern

sh:minInclusive
sh:maxInclusive
sh:pattern
sh:minInclusive
sh:maxLength
sh:minInclusive
sh:maxInclusive

xsd:date, xsd:dateTime

xsd:decimal, xsd:time
xsd:double
xsd:hexBinary, xsd:string

xsd:integer

Typel PropertyShapeg #Jste= AFxRY] 32
literal property [RI2HE 255 A A9 AoFad
2 wjgrog APYEIch 13 79| shipaths GO ¥
=l literalPropertylRIZ 40|12 E£X3H} shinodeKind
9] ZFe shiliteralz uA=EcH 1 Typel
PropertyShape”} literal triple@] <ot Z2&o]E HA}
sl7] mj=olc}. shidatatype® 2dojo] Hlolgl EfS
sh:datatype®] o= A|stsict. sh:datatype?] 7+ ¥
A A9 HlolH EfQjoll ti-3-5h= RDF literal H|o]&] E}
Qlolc}t. SHACLOJ|A= RDF literal TJojE] EFJO 2 A
XML 27]op 94o[20]7F 7Jelgh IRIZ ARESITE. shiind]
2= RDF literal9] Ajgto|ct. Ajge] daes 17 39
enum &7 &= ZF7FS RDF literal&=2 B2St 7o)t
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IV. Experiments
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Table 6. Summary of Test Results

Class RDF | SHACL Class RDF | SHACL

Test Test Test Test
D000 (1) p p D012 (1) p p
D001 (1) p P D013 (1) p P
D002 (1) p p D014 (1) p p
D003 (1) p p D015 (1) p p
D004 (1) p p D016 (1) p p
D005 (1) p p D017 (1) p p
D006 (1) p p D018 (1) p p
D007 (1) p p D021 (1) p P
D008 (1) p p D022 (1) p p
D009 (1) p P D023 (1) p P
D010 (1) p p D024 (1) p P
DO11 (1) p P D025 (1) p P

£ 62 HAE A Qojith & 69 1, 492 HA
E ¥atoln 5 o] Al A47te] YroA HAE
&8 HAE Ao]29 Jipoln AuKoz FA]
[21]0] DMZ #fsll Eer 2& HIAE AHo]AS ARESH
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tt. ® 69 2, 582 RDF HAE ZAuo]al 3, 68
SHACL H|AE Zijolt}. HAE ZAut HO| P FI
(Pass)E 2Julgitt. AJ2jstH, AJARLR A [21]0] 9]
gF 24712 DM HIAE 7oA st DM& &46h=
RDF Zefjzs Aggsion] Ade ddimof] Sl Z&
row node?t row node’} 2&E EglE 1R E 2%195]
BARSH 4 9l SHACL A7|ubs AYAsHict

8 10~12= 3 D009 9= DMZ 95t B|AE 7|
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5% 2385 A 5 syt 213 112 sport Eo]Z0]]
A AR Ee)Z ojft ShapeSols 13 12-
student E|oJ2oflA 48/d€ E=|S0] tigt shapesoltt.
A|~R1E shaped] RO AfolE & RI AY A4
Kg8) AR Golsbl ololg merdt 4 s sl
tt. node shapeQ] Rl= & 11~129] 1384 YA €]
o}2% Fol LAY ‘Shape7t ZTH FAlolck
property shape?] [RI*= APA1-2 A& 5= node shape®]
IRI E]9]] Typelo|H ‘-col#, Type20|H ‘-ref#, Type3
o] ‘-inverse# 2] AUJALE HEQ FAlo|ok AujAtel
OpR[a) ZAL # & AlI4olt] AB/d Al mieh 188 @
SAteoR doEn. 2 119 11, 19980 13 129]
12, 21, 298%0] Typel, 2= 129] 393Y0]| Type2, 1
119] 29340] Type3 property shape?] IRIC}.

ic])

student
sport ID (PK) Sport (FK) Name
ID (PK) Name INTEGER INTEGER VARCHAR(50)
INTEGER | VARCHAR(50) || 10 100 Venus Williams
100 Tennis 20 NULL Demi Moore

01 <sport/ID=100>

02 a<sport>;

03 <sport#ID>"100" " xsd:integer ;

04 <sport#Name> "Tennis" .

05

06 <student/ID=10>

07 a<student>;

08 <student#ID>"10""xsd:integer ;

09 <student#Name> "Venus Williams" ;
10 <student#Sport>"100""xsd:integer ;
11  <student#ref-Sport> <sport/ID=100> .
12

13 <student/ID=20>

14 a<student>;

15 <student#ID> "20"Axsd:integer ;

16 <student#Name> "Demi Moore" .

Fig. 10. The Test Case for Direct Mapping in D009

01 cse:sportShape

02 ash:NodeShape ;

03 sh:targetClass d009:sport ;

04 sh:nodeKind sh:IRl;

05 sh:class d009:sport ;

06 sh:pattern "Ahttp://example.com/base/sport/ID=(.*)$" ;
07 sh:property cse:sportShape-coll ;

08 sh:property cse:sportShape-col2 ;

09 sh:property cse:sportShape-inversel .

10

11 cse:sportShape-coll

12 ash:PropertyShape ;

13 sh:path <http://example.com/base/sport#Name> ;
14 sh:nodeKind sh:Literal ;

15 sh:datatype xsd:string ;

16 sh:maxLength 50;

17 sh:maxCount 1 .

18

19 cse:sportShape-col2

20 ash:PropertyShape ;

21 sh:path <http://example.com/base/sport#ID> ;
22 sh:nodeKind sh:Literal ;

23 sh:datatype xsd:integer ;

24 sh:mininclusive -2147483648 ;

25 sh:maxinclusive 2147483647 ;

26 sh:minCount1;

27 sh:maxCount1 .

28

29 cse:sportShape-inversel

30 ash:PropertyShape ;

31 sh:path [sh:inversePath
<http://example.com/base/student#ref-Sport> ] ;
32 sh:nodeKind sh:IRI ;

33 sh:class d009:student .

Fig. 11. Shapes for triples from sport in Fig. 10
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01 cse:studentShape

02 ash:NodeShape;

03 sh:targetClass d009:student ;

04 sh:nodeKind sh:IRI ;

05 sh:class d009:student ;

06 sh:pattern "Ahttp://example.com/base/student/ID=(.*)$" ;
07 sh:property cse:studentShape-coll ;

08 sh:property cse:studentShape-col2 ;

09 sh:property cse:studentShape-col3 ;

10 sh:property cse:studentShape-refl .

11

12 cse:studentShape-coll

13 ash:PropertyShape ;

14 sh:path <http://example.com/base/student#Sport> ;
15 sh:nodeKind sh:Literal ;

16 sh:datatype xsd:integer ;

17  sh:mininclusive -2147483648 ;

18 sh:maxInclusive 2147483647 ;

19 sh:maxCount1 .

20

21 cse:studentShape-col2

22 ash:PropertyShape ;

23 sh:path <http://example.com/base/student#Name> ;
24  sh:nodeKind sh:Literal ;

25 sh:datatype xsd:string ;

26  sh:maxLength 50 ;

27 sh:maxCount1 .

28

29 cse:studentShape-col3

30 ash:PropertyShape ;

31 sh:path <http://example.com/base/student#ID> ;
32 sh:nodeKind sh:Literal ;

33 sh:datatype xsd:integer ;

34  sh:mininclusive -2147483648 ;

35 sh:maxInclusive 2147483647 ;

36 sh:minCount1;

37 sh:maxCount1 .

38

39 cse:studentShape-refl

40 ash:PropertyShape ;

41 sh:path <http://example.com/base/student#ref-Sport> ;
42  sh:nodeKind sh:IRI;

43 sh:class d009:sport ;

44 sh:maxCount 1 .

Fig. 12. Shapes for triples from student in Fig. 10

I3 132 8= DO160] Y= DME 9J5t HIAE o]
20| Q= patient Elo]5 A/dS gt DDL 1} 1 o]
%oﬂ 9\1% st Hoﬂ LH_O}‘— /\]/\Eﬂo] AH/\-lo} Ea]-‘*‘:o]

oh. 23 14E 23 130 Qe 9-1239] E2jE BAl
5H%5}t property shape?h-S Z3Haict

01 CREATE TABLE patient (

02 IDINTEGER,

03  FirstName VARCHAR(50),
04 LastName VARCHAR(50),
05 Sex VARCHAR(6),

06 Weight REAL,

07 Height FLOAT,

08 BirthDate DATE,

09 EntranceDate TIMESTAMP,
10 PaidinAdvance BOOLEAN,
11  Photo VARBINARY(200),
12 PRIMARY KEY ("ID"));

01 <patient/ID=12>

02 a<patient>;

03 <patient#ID>"12" M xsd:integer ;

04 <patient#FirstName> "Chandler" ;

05 <patient#LastName> "Bing" ;

06 <patient#Sex> "male" ;

07 <patient#Weight> "90.31"xsd:double ;

08 <patient#Height>"1.76"Axsd:double ;

09 <patient#BirthDate> "1978-04-06"""xsd:date ;

10 <patient#EntranceDate> "2007-03-11T17:13:14Z"*xsd:dateTime ;
11 <patient#PaidlnAdvance> "true"*"xsd:boolean ;

12 <patient#Photo>
"89504E470D0A1A0A0000000D49484452000000050000000508060000
008D6F26E50000001C4944415408D763F9FFFEBFC37F062005C3201284
D031F18258CD04000EF535CBD18EOE1FO000000049454E44AE426082"A
Axsd:hexBinary .

Fig. 13. The Test Case for Direct Mapping in D016
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01 cse:patientShape-col2

02 ash:PropertyShape ;

03 sh:path <http://example.com/base/patient#BirthDate> ;
04 sh:nodeKind sh:Literal ;

05 sh:datatype xsd:date ;

06 sh:pattern "M\d{4}-\\d{2}-\\d{2}$" ;

07 sh:mininclusive "1000-01-01"/~"xsd:date ;

08 sh:maxinclusive "9999-12-31"AAxsd:date ;

09 sh:maxCount1l .

10

11 cse:patientShape-col5

12 ash:PropertyShape ;

13 sh:path <http://example.com/base/patient#PaidinAdvance> ;
14 sh:nodeKind sh:Literal ;

15 sh:datatype xsd:boolean ;

16  sh:in ( "true"A"xsd:boolean "false"A*xsd:boolean ) ;

17 sh:maxCount1 .

18

19 cse:patientShape-col9

20 ash:PropertyShape ;

21 sh:path <http://example.com/base/patient#EntranceDate> ;
22 sh:nodeKind sh:Literal ;

23 sh:datatype xsd:dateTime ;

24 sh:pattern "M\\d{4}-\\d{2}-
\\d{2)T\\d{2}:\\d{2}:\\d{2}(\\.{0}[\\d]{0,0}){0}Z$" ;

25  sh:mininclusive "1970-01-01 00:00:00Z"A"xsd:dateTime ;
26 sh:maxinclusive "2038-01-19 03:14:07Z"**xsd:dateTime ;
27 sh:minCount 1;

28 sh:maxCount 1 .

29

30 cse:patientShape-col10

31 ash:PropertyShape ;

32 sh:path <http://example.com/base/patient#Photo> ;

33 sh:nodeKind sh:Literal ;

34 sh:datatype xsd:hexBinary ;

35 sh:maxLength 400 ;

36 sh:maxCount1 .

Fig. 14. Shapes for line 9~12 in Fig. 13

V. Conclusions
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