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[Abstract]

With the proliferation of RDF knowledge graphs(KGs), there arose a need of a standardized schema
representation of the graph model for effective data interchangeability and interoperability. The need
resulted in the development of SHACL specification to describe and validate RDF graph's structure by
W3C. Relational databases(RDBs) are one of major sources for acquiring structured knowledge. The
standard for automatic generation of RDF KGs from RDBs is R2ZRML, which is also developed by W3C.
Since R2ZRML is designed to generate only RDF data graphs from RDBs, additional manual tasks are
required to create the schemas for the graphs. In this paper we propose an approach to automatically
generate SHACL schemas for RDF KGs populated by R2RML mappings. The key of our approach is that
the SHACL shemas are built only from R2RML documents. We describe an implementation of our
appraoch. Then, we show the validity of our approach with R2RML test cases designed by W3C.
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I. Introduction
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II. Preliminaries
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2. Overview of R2RML

<TriplesMap1>
rmrlogicalTable [ rritableName "Student" 1;
rrsubjectMap [ rritemplate "http://ex.kr/st/{ID}"; 1;
rr:predicateObjectMap [
rr:predicate ex:role ;
rr:objectMap [ rritemplate "http://ex.kr/ro/{ROLE}"; 1;
I
rr:predicateObjectMap [
rr:predicate ex:practises ;
rr-objectMap [
rriparentTriplesMap <TriplesMap2>;
rr;joinCondition [
rrichild "Sport" ;
rriparent "ID" ;
]
I
1.

<TriplesMap2>

rr:logicalTable [ rr:itableName "Sport" 1;
rrisubjectMap [ rritemplate "http://ex.kr/sp/{ID}"; I;
rr:predicateObjectMap [

rr:predicate rdfs:label ;

rr:objectMap [ rricolumn "Name"; 1;

1.

Fig. 1. Example R2RML Mapping
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3. Overview of SHACL

ex:PersonShape
a sh:NodeShape ;
sh:nodeKind sh:IRI;
sh:property [
sh:path ex:ssn ;
sh:maxCount 1 ;
sh:datatype xsd:string ;
shipattern "“WWd{3}-Wwd{2}-Wwd{4}$" ;
1
sh:property ex:WorksForShape .

ex:WorksForShape

a sh:PropertyShape ;

sh:path ex:worksFor ;
sh:class ex:Company ;
sh:nodeKind sh:IRI .

Fig. 2. SHACL Example
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III. The Proposed Method
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language : String // rr:language
datatype : String // rr:datatype
inverseExpression: String //rriinverseExpression

\ \ \
SubjectMap | PredicateMap H ObjectMap |

classes : Set<IRI> // rriclass

LogicalTable Template

format : String // rritemplate
columns : List<Column>

RefObjectMap
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tableName : String // rr:tableName
sqlQuery : String // rr:sqlQuery
sqlVersion: Set<URI> // rrisglVersion

TriplesMap

child : String // rrichild
parent : String // rriparent

Column

name : String // rr:column
query : String

type : int
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displaysize: int

Fig. 4. Properties of Classes in R2RML Model
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2. Constructing a SHACL Model
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Fig. 5. Class Relationships in SHACL Model
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Table 1. Input for Building SHACL Model

Output Input
SHACL Model R2RML Model SHACL Model
NodeShape .
SubjectMa
(Type1) ! P
NodeShape set of Typel
(Type2) NodeShapes
PropertyShape PredicateMap,
(Type1) ObjectMap
PropertyShape PredicateMap,
(Type2) RefObjectMap

SHACL Q49 NIF £4d3 24t 1 62 & 23
a4 b AR A gF
SubjectMap®] $4= Lotk SubjectMap
TriplesMap UjolA] 17]gF EXjE 4~ Q7] wiZo,
TriplesMap 01t} 17)2] NodeShape©o] AJAJ=ic.
PropertyShape2 1719} @0j-5%0] o2&} A4
gt} of7]A &0l 17]9] PredicateMap2 ©]ustil =
Aol 17]9] ObjectMap &2 17§2] RefObjectMapS
ojujeitt. tigd Ao B§YS 7IEer 729 HAE
9J5te] Typel, Type2 PropertyShapeC & 1-23ict.
17§9] R2RML PredicateObjectMapC 2 HE T40] =
o]-2x0} o] A= 4 9l}. PredicateObjectMapO]

function buildSHACLModel(r2rm))
input: R2RML Model r2rm/
output: SHACL Model shacl

01| shacl < create an empty SHACL Model.

02| TMs < get the set of TriplesMaps in r2rml.

03| for each TM € TMs {

04 SM < get the SubjectMap of TM.

05 NS < create a type 1 NodeShape with SM.
06 POMs < get the set of PredicateObjectMaps.
07| for each POM & POMs {

08 POPairs < create the predicate—object pairs
from POM.

09 for each POPair € POPairs {

10 PM < get the PredicateMap of POPair.

11 OM < get the ObjectMap of POPair.

12 ROM < get the RefObjectMap of POPair.

13 if OM 1= null {

14 PS < create a type 1 PropertyShape with
PM and OM.

15 }

16 if ROM = null {

17 PS <« create a type 2 PropertyShape with
PM and ROM.

18 }

19 add PS to shacl and NS respectively.

20 }

21 }

22 add NS to shacl.

23 }

24| C < create a collection of sets, elements of each
of which are all type 1 NodeShapes which can be
used to explain an RDF subject node together.

25| for each s € C {

26 NS2 < create a type 2 NodeShape with s.

27 add NS2 to shacl.

28| }

29| return shacl

Fig. 6. Algorith for building SHACL model

n7fe] PredicateMap, m7}9] ObjectMap, p7fQ]
RefObjectMap @& /d&| o] QITHH, n7lle] =0|9f m+p
7He} 2Aolg S Zog A5t n(m+p)7iY] w0i-
=A0f ol =gt /3¢ PropertyShapes2 AHi
2 43A st PredicateObjectMap©] 43t TriplesMap
ip Fher TriplesMap2 7¥tez  A3de  Typel
NodeShape©]] ZatHth. 18 69] 23 2}I7IA] ASg=H
R2RML 2219] @& TriplesMapy} 7 51| Q40 Cfst
13]W0o] ¥r2.o &5 Type2 NodeShaped Q)3 B &
Shape®] /it 5=o] HaHct.

2 69] 24~28 21012 Type2 NodeShape®] A4 A
AFS 71&3it} Type2 NodeShape2 R2RML EHglo] A
2 thE TriplesMapoj|A 5ot 0] LES AJHS 25
Aoh= 570l givlgt Zlojt}. o & F0f, sYgh F0]
2 A4Y 4 = TriplesMap®] g {A, B, (7} 9l
oH, Bl AW A 593 o =55 As
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TriplesMap?@] &3+ {A}, {B}, {C}, {A, B}, {B, C}, {A, B,
CI7t 7Fssitt. o] Ad=dollA {A, B} {B, Ch {A, B, C} &
ol oJsl) A ErjEEe] I HE2 A S22 B 32
Col] tj2sto] A8AJst 7 Typel NodeShape §ro 2=
Au Eojment ZAzol] Hoz £ 52 A Ao
Typel NodeShape?| AMUE RFE =2j8o2 Zg
5t NodeShapeo| Q35 0]710o] Type2 NodeShape©]
o} TekA, %O‘OP 7<01 o2 AaAsEh Jie Oo] 9=

3 31 kel A 2 o $EAT 2429 o
ooty Type2 NodeShapeo| A¥Ad=Ct
NodeShape& | 25}= BEBXISHO] AL 7I7h0 2 HE]

A58 Typel NodeShapeS2] Algho 2 HE| A=)

Table 2. Constraints of Typel NodeShape

NodeShape SubjectMap
sh:nodeKind rritermType
shiclass rriclass
sh:hasValue rr:constant
sh:ipattern rritemplate

# 2= Typel NodeShapeg 7/d5h= st Alkzd=
o] RZRML SubjectMap?] oH 3}9] $4J 02 HE] Sry]
A& Ho& 0} shinodeKind+ EFAl = E0] EFIE A|
ghetth Bl B o Alefadol Qlsl H7t=]= RDF
rtE AALT} shinodeKinde rritermTypeo] 5233
we2 PSR ok 3 RIZ AEC) o] AL RIRML
BAIO] R2RML Z2AA S 5 =& B 2% daels
S =31 1L§st Zloltt shiclass= P =57t EA
RDF Zg|A0] Q1 AE Ao]ojof &r2 A|st5tc}. shiclass:=
rriclass?} GA &0 et EXAE 4~ e
shiclass9] #42 rriclass?] ¢t & =dsict 2]y 2
70 2] B}l IRIT}. shihasValues Bl = E7F E4
= [RIojof 3F2 A|ststH rriconstant’} HA] Eo] Q=
74ear  ARgECE J2]1 rriconstant]
sh:hasValue9] Zto. 2 Jrj2 #0lc}, shipatterne E}F
e Batdlo] £ HEAAS WEslolo} 32 ool
C}. shipattern rritemplateo] AFRE|Q)S wj] Aojst 4~
910 sh:pattern®] 352 AHEHAA O 2 A rritemplate
o] TAIE 5 AW Ft2 49 AP o4 W &

2 9182 oojske BAIE 0 AgHa Zolck

012.

WOl

Table 3. Constraints of Typel PropertyShape

PropertyShape ObjectMap
sh:nodeKind rritermType
shiin rriconstant, rriobject

sh:languageln rr:language

sh:datatype rr:datatype

sh:maxLength rricolumn

sh:pattern rritemplate

rriconstant, rriobject,

sh:minCount . .
rricolumn, rritemplate

sh:maxCount rriconstant, rriobject

B 3& PropertyShape?] 5}¢]
2059 3t AR L= 71x]= ObjectMap 519 47
=9 "iS WS BoEd B 39 AR B =
=0 BA0] A0 A e o Hote A
tf. shinodeKind= =40 wE=9o] EfYYZ Aot
sh:nodeKindE  rritermType?] o] TWHAIEQICHH
rritermType?] 7S JOi2 F3IT}. rritermTypeo] Af
BEJA] Aottt RZRML BAJQ] ZA0o] & B AR
Y12]E52 UEfA| shinodeKind 32 A7ttt o] ¥l
2155 QOoFtH  RIRML  BAo] =9 APt
rr.constant 2- rr:objectE Edf] o] F0{F 1l o5 &4
o] 3t EtQlo] IRIo|gl IRIZ AAE| D 1 9jo] 9= 2le]
g 2749, shin2 FAl0] =to] o6 Jr=5 17|
o UdsozK gol Wels gt 1 o ghe
rriconstant 22 rriobject?] &3S o= F3h
shilanguageln> £X}0f 2]E{H 9] Qo] Ej1= A[gts}r]
rrilanguage®] & JOi= sttt shidatatype &4
of 2J5H] Hlol&] Bt Alstettt. sh:datatype®] 2t
< rridatatype0] ARSEIQICHH 7 3HE TOl= Fgich
T34 rridatatypeo] AFEEA] U EEE rricolumno]
ol FAof A Aot 4% RZRMLY| natural
mapping of SQL values #A12 AL35t0] sh:datatype
o] gkg ZRUCE ol AL SOL Hlole] Efelat XML o
ol ER9 did IWE 7Yt Aot webA
rricolumn®] oz AREH A SQL Hloly Efls
5F 3 55t XML Hlo]8 Bt sh:datatype?] Zf
o7 ZARstH o] apofA HlojEHo]A AF|ut YW}
AFEEC shimaxlength= 2X0] ot 21 2|
A AL ZXtY Zo|9] AkskS Aoksitt, o] AjFxr7ie
rricolumno] AF&o] ofst 2xjed 2lEje 2alojr} A4
= AHoof AFRECH shimaxLength® ZHe rricolumn?]
oz A1gel 2ol dojeuola A7|ol HRE Ax
stol A &g AHAY O A Jherh "o

RltERS 853} of
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shipattern £AJ0] =E7} QEEA|AO} St A &
Alolt}, shipattern®] 42 rritemplate?] 4f 5 AH
TESS L+ £ (0, n} 0 Al ol 1 FoA
¥4 0, nfe 9 2O SQL Elle] 2L e
o gsto] AMEE]H n2 shimaxlengtho] gt 27 WA
o FAT Ao A2 o] ARgEnt shiminCount@t
shimaxCount= 2X&0] L t9] cardinality A|FE710]
oh 2 =704 A5 &= cardinality= Al 7FX|o]
o 1, 0 o4}, 1 o]4fo]ct. SHACL HA+= sh:minCount
7} AFE]ole 70 () o]Ato 2 7kxRslog o] A ¥g
o] £=o] ¢l 30}, rricolumn =2 rritemplate®]
Zro 2 A= Aol nullS 5851H 0 ojAte] Yo 1
ZA] QIthH 1 ojAo] =t} E5], rritemplates 549
4 4 91082 BE Heo] nullg H§sIx| Yolo}
1 o]Afo] =}, rriconstant®} rriobject”t AR ICHA
cardinality+= 10]c}.

Type2 Shape Typel Shape?] =2]& Aoz
A5i0} A e e J1gae. el 24
84 249] Typel Shapes2 ZF shipattern gfo] 2
2 E7J0] 9ck. ofzlo] Ze Fo] LES Y THsA

o

o] 1SS 9uistr] wzolch.

3. Writing a SHACL Document
a4 7~112 B 999 &3 Shape {t&= EoF
o). 52 AL o SIx] 12 450 LAY Rolch

01| IRI

02| a sh:NodeShape ;

03| sh:nodeKind sh:IRI | sh:BlankNode ;
04| sh:iclass IRl ; *
05| sh:hasValue IRl ;
06| sh:pattern "regex"
07| sh:property IRl . *

Fig. 7. Typel NodeShape Syntax |

01} IRI

02| a sh:PropertyShape ;

03| sh:path IRI ;

04| sh:nodeKind sh:Literal | sh:IRI | sh:BlankNode ;
05| sh:in (IRl | literal ) ;

06| sh:languageln ( literal ) ;

07| sh:datatype IRI ;

08| sh:pattern "regex"

09| sh:minCount 1 ;

10, sh:maxCount 1 ;

11] sh:maxLength nonnegative_integer .

Fig. 8. Typel PropertyShape Syntax |

01| IRI

02| a sh:PropertyShape ;
03] sh:path IRI ;

04| sh:node IRI .

Fig. 9. Type2 PropertyShape Syntax

01| IRI

02| a sh:PropertyShape ;

03] sh:path IRI ;

04| sh:qualifiedValueShape [

05 shinodeKind ~ ;shiin ~ ; shilanguageln ~ ;
06 sh:datatype ~ ; sh:pattern ~ ; shimaxLength ~ ;
07| 1]

08| sh:qualifiedMinCount 1 ;

09| sh:qualifiedMaxCount 1 ;

10| sh:qualifiedShapeDisjoint true .

Fig. 10. Typel PropertyShape Syntax I

01| IRI

02| a sh:NodeShape ;
03| sh:and (

04 [ sh:qualifiedValueShape IRI ]. +
05 ) .

Fig. 11. Type2 NodeShape Syntax

a2 72 Typel NodeShape, 118 Type2
NodeShape J+=o]t}. I3 8x} 10&
PropertyShape  G+0]0 oy 9=
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S0 938l 5ig Typel NodeShape2 78737
TriplesMap Uje] £01-280} 44o] 7jaet 2t} &
2 Type2 PropertyShape2 Typel NodeShapeg %tx
gt gl 33 90] 4afolry. FEEE
NodeShape& AtAxsH= Type2 PropertyShape2 A3/
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P

éér&l‘
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A= TriplesMap9]] tf-2-5t0] A= Typel NodeShape
oity. Al ¥z Ut o] LEF FRTY 2 e
Typel NodeShapeS<2 Type2 NodeShapeofA] &Rz
4 ik Abx giRlE 33 119 43olck. 13 119] 43
9] gtEsla= 23] o]/ Qld| o]72 Type2 NodeShape
o] 7473 Al ¥=== Typel NodeShape <] |4 o
4 27} 2017] giZo] 17§2] Typel NodeShape Al'H
AP} @ A ARjsHe Paoe wRec

73 118 sh:qualifiedValueShape A|2F =71 3}o] 9
X NodeShapesS©| shiand *=2]2 £0j9l= J1%0]
sh:qualifiedValueShape& 7ZF7t°] NodeShapeS =
NodeShape©] 7H4glo] =& oz el =& Z4Z0] A}
§] s @I} irk o]0 shiand |59 M= o}
£ NodeShape {F 28 Alopzgio] A1 4 971 of
Zolrh. metqy EMl k=7t shand Q) U}
NodeShapeS2 2% 131} E3&x oz 7H7F ubEA|7|
% 250l 4ot Pxolct,

a2 102 Typl PropertyShape =0 =2A] EASH
ol 1 8] Typel PropertyShape <+ tHAl Ab
gtk 543t Asolet Folot 2ol 2oLt Sop}
Mz o EEsc] &Alstke Aol Fole
NodeShapeo® ZAZECh oot 2ol o
NodeShape®] sh:propertyo]A] &3t PropertyShape
o2 ZAZ=CE PropertyShapes shipath 3fat &<oj7t
2ot 1 ojo] Bxojs Azt I8} shipath7t
#2 PropertyShape©] of2] 7l £A15H7] tiwofl A5-2
greA] AnfisiA €o}. &, g PropertyShape THEA]
7]H2t= & ProperyShaped THEAIZ 4 §l7] W&
olt}. olejgt Al aiAsk] Yisto} sttel 2ol 24
o] 40| =Ygt shipath®] PropertyShapes %olA |
23t shte] PropertyShape 452 S4sh7|e s 1
EejZo] 215g FuRt o8 WUHES kelg A4
siitt o] A% 11 89 AoF 2715 S0l 1™ 109]
5, 600] UgE Ao £75e 13 1004 A
sh:qualifiedValueShape 85 WE2 &4XA &35H
sh:minCount®} sh:maxCount2 73 109] 8, 93§ A
qualified} A7} Mopszio 2 cixlelo] Sejsict,

IV. Experiments

RIQteh= AIARIY] RaidE A55H7] #fsto] W3C
“R2RML and Direct Mapping Test Cases’[24]5 &£
sttt R2RMLF Direct Mappinge 25 RDB H|0]E]

=25E] RDF 0|8 & A/dsh7] St == W3C7} 7
g BF AIYY] o]Fo|tt. HAE FAlolA FA= 87719
BlAE 7o]AF DO00FH D022 FHsh 267H] 71
uelg FRsto] golstal ok Z84e] 7HE|ale]= RDB
TR0 TE FFolth 24719 B|AE Alo]AE Direct
Mapping, 63712] H|AE Fo|A& R2ZRMLZ ¢jgt Zo]
of. & =wolM+ R2RMLE gt 637]9] HAE Alo]A
e 28 gideR st 279 R2RML HIAE
Alo]A+= RDBO| A4S 915t SQL AFJE, R2RML &
A 72]31 RDF FA2 dElo] Qlt. 22jf o] HAE 7|
0]A9] AL T2 R2RML A2 L83t A|ARN(Z2A]
A)ol7] wiZoll, HIAE= AE i m=AX7E 279
BIAE 7lo]A9] SQL AFHEoO] ols AYJ= RDBe}
R2RML #4158 Y= 0= F5to] RDF A5 A/37| ot
o]7lo] HAE Fo]Ao|A A|A|GH RDF A9} 2T g
AE Fuk2 Wit T2y & =goAe] AE o2
SHACL 7377101710 HlAE YA} HIAE 7|&2 G

shitt. HIAE WAL SHACL A3d717F 2749] HAE
Alo] Ao} Z01%1 RDBO} R2RML A& YH o= Fa}
o] SHACL #4158 £3sM st & £3 SHACL A&
7IRAL HIAE FAlo]A0|A A|A|gt RDF &A1 4357 ot
Ao} BIAE 7]5-2 SHACL #A47F RDF &A1 W9l B&
Eg|Zo] 125 wAlglo] A9 4 2 W StE WA
sidty. 2 HAEOA  AR8SH SHACL ZH371e
dotNetRDFo|t{ o] 7AZ7]%= 201919 W3Cof| 2JaA] 58
%l SHACL #%7] HIAE[R5|N 2E =2 5t 2
79} 4571 % shtolth. E3t MySQL AA 7|9te] o &
A DBMS9! MariaDBE H|AE DBMSZ AR8s}tgich

Table 4. Summary of Test Results

Used & Used &

Categories Passed Categories | Passed Test

Test Cases Cases
D000 (1) D010 (3) a, b c
D001 (2) a, b D011 (2) a, b
D002 (10) a, b d i j D012 (5) a, b e
D003 (3) b, c D013 (1) a
D004 (2) a D014 (4) a, b cd
D005 (2) a, b D015 (2) a
D006 (1) a D016 (5) a, b, c d e
D007 (8) |a,b,c d e f g D018 (1) a
D008 (3) a, b c D019 (2) a
D009 (4) a, b cd D020 (2) a

4% EAE Zu2 QoRich & 49 1, 388 jE)n
2] olZoln] L k] £AH= sl FlElelol ol Ex
E Ao]2 JRpolc. & 49] 2, 48 24219] Fte|mafol A
ElAEo] AHgEI9100] BAES ST EJAE HolA of
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S0lt}. AutS QOFsH, RZRMLZ $I5h 63712] H|AE 7|
olA % 497H] HIAE AO]AZ 7IX| AL FJAES ogio
W 2 HAE 7o]A0) RDF ZAof 23te EdE59
A5 2 A7} AR XA E3] AVE SHACL A
272 &0l 5% 249 7Hesit 637 HIAE Fo]A
2 HAEXM Aeld BAE Alo]A= 147]0]ct. o]
% D000 JoJd BJAE 70|~ a= RDF ZA] Ulof] EZ
29 7§47t 07]0]t}. &, 81 RDF #A12] A2 HAES}
7] 915k H|AE Flo]Aolct WA, A5 ER|E0] EAY
SHA] ofoug HAE|A sttt LTHA] 13719 B A
E 70]2+= RDF #A19] A/4do] 7Hset2 HIAESH] ¢
gF E|lAE Alo]Azo|ct. wEtA, 45 RDF A17F &4)
SHA] 7] diwoll ElAEo|A A5

021 12~14 72]n 02 15~172 4% = 7)Q] HAE
Aol A A E &dll 2 Y Fr/de HBshLAt gt
02 12~14= 33 109] AlBRA = Typel PropertyShape
AREA TI7F RDF 122 4500 QlojA mats Uglske ARo]
C}. O 15~172 T3 119] AlRRA = Type? NodeShape©|
RDF & 4300 QlojA Bakg Yelshe ARolt.

T3 12 D007 ZHEazejo]] 7goje BAE o] d9
RZRML ol 7gejolar 13 132 o] 7Jejof] <jsf A/de
RDF EZjE=olth 11 14+ & A9 AJA”0] 18
129] R2RML Uf® A2 =io slo] AgA5H SHACL
Aotk I3 12+ 1719 triples map D] 7 2%
9lon] 1 9Qtof] 47]9] predicate object map @~®7} 7
OJ&]o] It} o]F wrgste 19 149] SHACL &A1& 1
789} node shape @1t 47]9] property shape @~®Z
T/d&]o] it I7d 129 subject mapol] JoJH Fof =
& A AL T2 149 node shape @ U9
sh'nodeKind®} sh:pattern A|Qfx71 02 HAL]o] Qlct.

Moo 19 -l

<TriplesMapi1> // ®

a rr:TriplesMap;
rr:logicalTable [ rritableName "Student" ];
rrisubjectMap [ // @
rr:itemplate "http://ex.com/Student/{ID}/{Name}"; 1;
rr:predicateObjectMap [ // @
rr:predicate rdf:type;
rr:object foaf:Person; 1;
rr:predicateObjectMap [ // ®
rr:predicate rdf:type;
rr:object ex:Student; [;
rr:predicateObjectMap [ // ®
rr:predicate ex:id ;
rr:objectMap [ rricolumn "ID"; ] 1;
rr:predicateObjectMap [ // ®
rr:predicate foafiname ;
rr:objectMap [ rrcolumn "Name" ] 1.

Fig. 12. R2RML mapping of Test Case d in D007

@prefix ex: <http://ex.com/> .
<ex:Student/10/Venus> foaf:name  "Venus" .
<ex:Student/10/Venus> ex:iid "10"""xsd:integer .

<ex:Student/10/Venus>
<ex:Student/10/Venus>

foaf:Person .
ex:Student .

rdf:type
rdf:type

Fig. 13. Result Triples from Fig. 12

cse:TriplesMap1Shape-ex—id // ®
a sh:PropertyShape ;

sh:path ex:id ;

sh:nodeKind sh:Literal ;
sh:datatype xsd:integer ;
sh:minCount 1

cse:TriplesMap1Shape—foaf-name // ®
a sh:PropertyShape ;

sh:path foaf:name ;

sh:nodeKind sh:Literal ;

sh:datatype xsd:string ;

sh:maxlLength 50

cse:TriplesMap1Shape-rdf-type—q1 // @

a sh:PropertyShape ;

sh:path rdf:type ;

sh:nodeKind sh:IRI ;

sh:qualifiedValueShape [ sh:in ( foaf:Person ) ] ;
sh:qualifiedMinCount 1 ;

sh:qualifiedMaxCount 1 ;
sh:qualifiedValueShapesDisjoint true

cse:TriplesMap1Shape-rdf-type-g2 // ®

a sh:PropertyShape ;

sh:path rdf:type ;

sh:nodeKind sh:IRI ;

sh:qualifiedValueShape [ sh:in ( ex:Student ) ] ;
sh:qualifiedMinCount 1 ;

sh:qualifiedMaxCount 1 ;
sh:qualifiedValueShapesDisjoint true

cse:TriplesMap1Shape // @

a sh:NodeShape ;

sh:nodeKind sh:IRI ;

shipattern ""“http://ex.com/Student/(.*)/(.*)$" ;
sh:property cse:TriplesMap1Shape—ex—id ;
sh:property cse:TriplesMap1Shape—foaf-name ;
sh:property cse:TriplesMap1Shape-rdf-type—qg1 ;
sh:property cse:TriplesMap1Shape-rdf-type—qg2

Fig. 14. The SHACL Document Generated from Fig. 12

I3 139] M)9] ER|E2 58H 7ol LB 7V O
2of] zo] =Tt <ex:Student/10/Venus>S 13 149
node shape @9] 45 tidez Adstd 4749 E2|&
o] BT ZAZ gjrto] "t 2 149 node shape9]
shinodeKind®} sh:pattern A|F 2710 oJstH 73 13
9] 38 0ol RI AIE mifo] 1 £7dof] Raid2 &
olct. Est 7 149] node shaped 47[9] sh:property
AloF =20 oJslf slig o1Q] EgjEo] WEAIACL she
T&F AASEL Qlck. 11 139] 2~69 2fol2 ZH7F 1™
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149] ®, @, @, @ property shape A|°F Z710] £t
o2y 12 139] BE Ea]=2 73] 149] SHACL &A]
o oJsl] A=}, I 14°] @2} @ property shape
Typel PropertyShape AlE8A 2 E3E]o] T} T
0] & Typel PropertyShape AIEiA [2 FASACHH,
O3 139 45 2}l EflE 2% Oy 149 @9
property shapey} @ property shape?] 7% tjito]
gct 7 o]8= 73 139 4-5 2j0l EZlE w& 2of7}
rdf:itypec]7] wiZolot. wEpA, 49 2912 Q¥
property shapeg TFEAIZ|A] 35haL, 581 2Rl @H
property shapes FHEAIZ]A] X617 Hoan 750
’é‘ﬁﬂﬁpﬂ =it} @A, Typel PropertyShape AEAA ]

§5-2 @Y property shapeo] £351H= E2]Z2 (3
] property shapeo]] F8J5HA] for, @% property
shape0]] #e5h= E=j&2 @F property shape] £
FolA] dowl A5 BRI eEMN O 130 242 ¥
5 F09F =of sHX|TE FAlof j|o] TOhE EjE &

= 3F A =
S4BT 4 YES ot

= ol o

<TriplesMap1> // ®

a rr:TriplesMap;
rr:logicalTable [ rrisglQuery
SELECT Code, Name, Lan
FROM Country

WHERE Lan = 'EN;

SRR

rrisubjectMap [ rritemplate "http://ex.com/{Code}" |;
rr:predicateObjectMap [
rr:predicate rdfs:label;
rr:objectMap [ rricolumn "Name";

1.

rr:language "en" ]

<TriplesMap2> // @

a rr:TriplesMap;
rr:logicalTable [ rrisqlQuery
SELECT Code, Name, Lan
FROM Country

WHERE Lan = 'ES';

SRR

rrisubjectMap [ rritemplate "http://ex.com/{Code}" |;
rr:predicateObjectMap [
rr:predicate rdfs:label;
rr:objectMap [ rricolumn "Name";

1.

Fig. 15. R2RML mapping of Test Case a in D015

rrlanguage "es" |

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

ex:BO rdfs:label "Bolivia, Plurinational State of'@en .
ex:BO rdfs:label "Estado Plurinacional de Bolivia"@es .
ex:IE rdfs:label "lreland"@en .

ex:I[E rdfs:label "Irlanda"@es .

Fig. 16. Result Triples from Fig. 15

T8 15& D015 ZHEazejo]l o] BAE Aol A af]
RZ2RML tfj5g 7gejo]il 21 162 o] 7g2fo olsf A4
RDF Ez|Eso|t}t. 1Y 172 & Ae] AJARlo] 1Y
159] RZ2RML U1 & Y=oz stof A/det SHACL
Aot 73 170f= 37l12] node shape©] A3/d%=l0] 9l
t}. node shape @t @ 217F 13 1500 %42 2719
triples map @y} @ZFH AAECE 2719 triples
map?] rritemplate o] 7279 3EE FolS AT
2 9lou g Type2 NodeShape @0o] 7tz ABAE]QITH
T3 1604 21Q1 2, 4+= triples map @O <JsiAl A%
gl Zloln} 2}l 3, 5= triples map @] 2lsliA] /g
Zdolct. 1efut 2fel 2, 33} 291 4, b= 27t 3-8 F0
7871 miZoll, 2l 2, 30] shfe] A i E=lE
22 ol20 2}9l 4, 57} & el A EH” EQE
29 ol2r} ol2jst AGR, a9l 2, 3 B2 a9l 4, 52
node shape O] tfYstH, 241 3} 2fQl b= ?lsl 4
%2 Asie] node shape @Of tidstd 2iQl 2, 4=
sl A5o] Amfsttt. &, o] All7} Typel NodeShape
oz & 7450 2hstt BE BolEt 12y
Type2 NodeShape @¢f 2IQ1 2, 3 HS= ¢

i
]
|4

]
U4

8] ex:BoS

cse:TriplesMap1Shape-rdfs—label
a sh:PropertyShape ;

sh:path rdfs:label ;
sh:nodeKind sh:Literal ;
sh:languageln ( "en" ) ;
sh:maxLength 100

cse:TriplesMap1Shape // @

a sh:NodeShape ;

sh:nodeKind sh:IRI ;

sh:pattern ""http://ex.com/(.*)$" ;
sh:property cse:TriplesMap1Shape-rdfs—label

cse:TriplesMap1_TriplesMap2_Shape // ®
a sh:NodeShape ;
shiand (
[ sh:qualifiedValueShape cse:TriplesMap1Shape 1]
[ sh:qualifiedValueShape cse:TriplesMap2Shape 1]
) .

cse:TriplesMap2Shape-rdfs—label
a sh:PropertyShape ;

sh:path rdfs:label ;
sh:nodeKind sh:Literal ;
sh:languageln ( "es" ) ;
sh:maxLength 100

cse:TriplesMap2Shape // @

a sh:NodeShape ;

sh:nodeKind sh:IRI ;

shipattern ""“http://ex.com/(.*)$" ;

sh:property cse:TriplesMap2Shape-rdfs—label

Fig. 17. The SHACL Document Generated from Fig. 15



20 Journal of The Korea Society of Computer and Information

idstA 2191 2 E2]l&2 node shape @of] F¢dstal 2t
Q1 32 node shape @01] B tiEo) 452 st
% HPAl O 2 Type2 NodeShape @of 2101 4, 5 A

Q5 exIEE TjUstH =201 4 EZ]ZL node

shape ®o)) B3tska 2k9l 5 E-]Z2 node shape @0
g5l mizo] A5 %ﬁ?ﬁq. o|Md Type2
NodeShape2 A2 T2 triples mapoﬂ o5l A= E
0] 0] x5 TRV =S O 12 A5

A EE S LI

V. Conclusions
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