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An RDB to RDF Mapping System Considering
Semantic Relations of RDB Components
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ABSTRACT

For the expansion of the Semantic Web, studies in converting the data stored in the relational database into the ontology are actively
in process. Such studies mainly use an RDB to RDF mapping model, the model to map relational database components to RDF
components. However, pre-proposed mapping models have got different expression modes and these damage the accessibility and
reusability of the users. As a consequence, the necessity of the standardized mapping language was raised and the W3C suggested the
R2RML as the standard mapping language for the RDB to RDF model. The RZRML has a characteristic that converts only the relational
database schema data to RDF. For the same reasons above, the ontology about the relation data between table name and column name of
the relational database cannot be added. In this paper, we propose an RDB to RDF mapping system considering semantic relations of RDB
components in order to solve the above issue. The proposed system generates the mapping data by adding the RDFS attribute data into
the schema data defined by the R2ZRML in the relational database. This mapping data converts the data stored in the relational database
into RDF which includes the RDFS attribute data. In this paper, we implement the proposed system as a Java—based prototype, perform
the experiment which converts the data stored in the relational database into RDF for the comparison evaluation purpose and compare the
results against D2RQ, RDBToOnto and Morph. The proposed system expresses semantic relations which has richer converted ontology
than any other studies and shows the best performance in data conversion time.

Keywords : RDB, RDF, Semantic Web, Ontology, R2RML
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Table 1. Definition of Notation and Symbol

Nataion/Symbol Description
R2RMLa RZRML Documnet
RDFq RDF Documnet
TAl A list of th definition table attributes
CAll A list of th definition column attributes
T™I] A list of th definition TripleMap
RS SQL Query results
SQLs A select statement in SQL
SQLtrom A from statement in SQL
SQLI] A SQL query list
Parsing() A function for extracting TM information through to analysis a R2ZRML document
SetTableAttr() A function for definition of TA[]
AddTableAttr() A function of adding table attributes to TA[] List
SetColumnAttr() A function for definition of CA[l
AddColumnAttr() A function of adding column attributes to CA[] List

SetFromstatement()

A function of defining a from statement in SQL

SetKeyStatement()

A function of defining a primary key

SetSelectStatement()

A function of defining a select statement in SQL

AddSQL()

A function of adding SQL to SQL list

SetTripleTemplete() A function of confirming template information of a subjectMap
SetSubject() a function of defining subject

SetPredicate() a function of defining predicate

SetObject() a function of defining object

AddRDF) a function of adding defined RDF to RDF Document
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Table 2. RDB to RDF Mapping rule

RDB

13
Component RDFS components

Table Name |type, subClassOf, domain, range

View Name |type, subClassOf

Column Name | subProperty, objectProperty

PK Name | object Property
FK Name | object Property

type, sub Class Of, sub Property Of, object
Instance Property, domain, range, seeAlso, labe, is DefineBy,

comment, first, member, rest, values, subject,
predicate, object

4) R2RML #4}7]
Table 32 RZRMLS #4179 duziS
RZRML #4071+ 2 #t2=2 R2RMLd & 21 &9 %2
TA[l, CA[IZ 7}tk R2RML £417]¢] 918® R2RMLa
= 34 FEE o] 4sle] RORML #4 Ul EFZAES A
ojgith, EFEAMES =g H o5, FolAMS, solHA oA
o® F4=m R2RML &4 Ul Bej& uwhg} TMIel #7
gt TM[]S EgZAdo® Aowu R2ZRML EA =
Sk 7l oldkel ERZAMde] AejEo] gty webx TMIS
Y2E gHo A8FRE /Y oy g8 B3 TM9
o7t =W HolE¥ Ay ARE Aow) SetTableAttr
e TMIA Zod =gHols AR} FAAMY HRE
ol-&ato] Ho]E9 o]EF} rritemplate AHRE At} o]
2 4od dHoly Are TA[ A= TMe ik
ARE 7 EHolE &4 Aoyt ¢EHW AddTableAttr
FrE ol&sto] Hols £4 HEE TA[l fl=E° F7}
ol TA[l ARl g3Ed 29 4 FRE A,
Ay £A4LS SetColumnAttr 5 F3 AoJdtt o] u
A9 A48 CAlld A= A7 W3} Ag 84S A9
ste F7FA o2 RDFS 4 AEE 7M. Hy £4 A
A7t gaHW AddColumnAttr 33 o] &3
o &4 ARE CAl g2Ed F7h3t)

Table 3. R2RML Analyzer

[Algorithm] R2RML Analyzer

1: Input:R2RMLa

2: Output:TA[],CA[]

3: Initialize:a=0

4. Parsing(R2RMLa)

5 FORVTM[a] € TM DO

6: TAlal= SetTableAttr(TM[al)
7. CAlal = SetColumnAttr(TMlal)
8" INCREMENTa

9: ENDFOR

5) SQL 4747
Table 4= SQL Zo&g st 44719 dugss
vUebdth. SQL A7 TAl, CA[lE 99 #& Z1

SQLIIS &9 o=z 7Hxth TA[dE Heols HXR7F A
g0l otk wEkA SQL FeojE2 TA[ldl A= dolH
= 7|dto g AAHET TA[lol AFE HolE ¥ AHEE
SetFromStatement & &3 SQL Ho&< From #&
sk ARgETh ojuf AJdE SQL T2 SQLtromOl
A}, SQL A& From 22 Aol ¢aEw go]
o] 7|® 7] e AR HolEe 7E 7] H& TA[]
of Ag=el dom 7|& 7] W& Select ol F7135te] 7]
7] #s st g AAE Ve 7] @ FolE
dojs o AgEh 718 7] W A ks EH TA[
&35 A9 WS Select Aol F7tetth Ay W2 CAlld A
g0l glen TA[ldl A= dHolsy Ha CAlldl A3
Hol & o] Ux|she Aol 9t Select Aol F7Fgteh. CAll
of Ad A7 WS Select Hol F7Fsto] Select 22 A
e gmgth Select o] Aol gnHW SQLo A%
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Table 4. SQL Generator

[Algorithm] SQL Generator

1:  Input:TA[],CA[l

2 Output:SQLI]

3. Initialize:a=0,b=0

4: FORVTAlal € TA[l DO

5 SQLiom = SetFromStatement(TAlal)

6: SQLs = SetKeyStatement(TAla])

T FORVCA[b] € CA[] DO

8 IFCA[b].tableName=TAla].tableNameTHEN
9: SQLs = SQLs + setSelectStatement(CA[b])
10: ENDIF

11: INCREMENT b

12: END FOR

13: SQL[a] = SQLS*’SQLfmm
140 INCREMENTa
15 ENDFOR

6) RDB to RDF ¥%H7]

Table 5% RDB to RDF ¥37]¢9 <ag]ES vehich
RDB to RDF ®37]= 42 o= TA[l, CAll, SQLI+&
7AW &8 ghoZ RDFa 2 7tk dg® SQL Ao
2 Query 5 B3 @AY dolgulo]xe] AgE o
Hol A3ttt Query = EE SQ 5
o] A= RSel AAdth RSel A€ e Az
o] A% doleld® RDFZ W3t} RSO Add o
Z RDFZ W3ste 33 TA[ A% doleE 74
o= gl TA[ldl= dHolgol ulgt Jrrt A4so] gl
el TA[QC AgE ol Are} RSl A4E HolE
ARE Feste] dAsh= HolHE =t HolE: AR}
dzatd TA[ AFE mrtemplate RS Fxsto] Eg
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Table 5. RDB to RDF Translator

[Algorithm] RDB to RDF Translator

1:  Input:TAI[LCAI[LSQLI],

2. Output'RDF4

3. Initialize:a=0,b=0,c=0

4: RS[] = Query(SQLID)

5. FOR VRS[a] € RS[] DO

6: FORVTA[b] € TA[] DO

7 IF RSl[al.tableName = TAl[bl.tableName THEN
8: SetTripleTemplete(TA[b])

9: SetSubject(TA[b])

10: FORYCAlc] € CA[l DO

11: SetPredicate(CAlc])

12: SetObject(CAlc))

13: RDFa=addRDF()//addRDFdocument
14: INCREMENT ¢

15: ENDFOR

16: INCREMENThH

17 ENDIF

18: ENDFOR

19: INCREMENTa

20: ENDFOR

32 RDB to RDF &t =244

Fig. 2= Aot A|2=€e] RDB to RDF W3 Z2ZA|~E
vebdich Aok A28 RDB to RDF ami®, R2RML ¥4
71, SQL 447], RDB to RDF ®37]E 71t} s =
Generator %L—’FE o] &3sle] BWAF dlolElMo] A TS
°} RDFS 74 84| w3 138 Aosty, R2RML +
A7)e Ao UHJ4 TEE AHEstel Y FeE E9
R2RMLell eojel HHE ATl ojuf SetTableAttr 3
¢} SetColumnAttr 5 AMEStth th& 22 AddTableAttr,
AddColumnAttr 5 AR83ste] ¥l HRE A}
R2RMLel gojdl AHEe #4eo] EFuyd SQL AA7E
SQL A% AAS Atk SQL 2o &L Select, From
A2 FEste R2RMLY #4 AHEE o] g3t Select,
From &£ Aolgth 3 R2RMLel Aold 718 7], 9
7] ARE AA A9 22 AL FIA SQL &
st AR dojewol =] AE dolelE Ao
t}. wpAeto 2 RDB to RDF ¥W37]& SQL HoES %3
de AzE uigtoz RDFE A o] ] Elo]& 1,
g Abele] #AARZE RZRMLel A eso] 9led A
AR5 WEOZRDFE F712 A4l R2RMLY
o % BE EFEAPYe] Wde] $k5sd RDB to RDF
Z2A2E vRRILh
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32 SetTableAttr()

4 : AddTableAtr()

5 1 SetCoumnattr()
6 1 AddCokmnAtr()
7: CreateSQLO |
81 SetFromStatement()
91 SetieyStatement()

10 : SetselectStatement() |

13 : SetSubject()
141 SetPredicatel)

15 : Setbject()

U‘ ! 16 retum()

Fig. 2. Sequence Diagram for RDB to RDF Translation

4. 78
of olAE At AzRe A B33 7E 8L

olt}. Aok A2="e Windows 7 Enterprise K, Inter(r)
Core(TM)2 Duo 2.66Hz, 325 GB Memory, JRE 1.7.0_15,
MySQL 5613, Eclipse Indigo & T-A4% A A 335
o} Aok AlAES AEEy] Y] LEEA YAET QI
UBA(Univ-Benchmark Artificial Data Generator)E ©]-8-3}
of EE2A dolHE AATH23] E3 UBAZHH A4
He 2EEAE #AF dolguweolxd FdstA AT
th olEA AAgE HolEHE Ad AlaHY VE AFEY
e vash=d AT

41 R2BRML &4

Fig. 32 At Al=glol A AFE-3 R2RML o AlS UERd
ot R2RML2 #AF dHolg o]~ Hol&& Eg|ZAM|
wsgstel @G o] A wjF o] uwt #AAY
dolguo] o] EAsE FubE EZARge] AgEth
EYZAM U =gHol Bl #AE dolgulol~ Hol&
W AR EAg gEbA =gHelE HARE AMEEHS
BAEY dolguol~ HolE W AHARE deth theoR
FoAdoll = Fols FHY mitemplated A3} FoiA}
dellA Aed rritemplated] wep Folve wdECh Eg
mtemplate> #AE dlo]EHlo]~ Ho]E] 7R 7] AR
= 7HA 2 Ik rritemplated] A3 {) ¢hile 9 E
YEAPF A AREE 71E 7] AEIE AGEe Atk H ol

5 9, 71% 7] 9, rrtemplated 2o} HolE W2 TA[]l
AdEnh. TA[lE EEAME d$57] witel @AY d
olgfHlol 2 Ul Ho]E £ HolE &4 AHRE JhHth
Rl g o 72 o] HEHojAlAte &olel HEHo] ARE VA1
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Atk RDFe] &ofoll Fd3 JHE Fold

Edste 24

Y W2 HHoo] rricolumn HI1E AFEsIY] F &AL
kA Eoldl ¥E AE7F AA RDF &old 3w
RDFe] E#ojoll= A7 glo] x@EATh At A=d2 &
A% ulolEjMo] 2~ A7|ntelo] RDFS 445 A gt w
ZA Eo]EHojAlAtel = RDFS 42 71 4= itk o

g 5] rdfsmember ARE F71517] YT EolFH o
APl sl ARE Frtebd ") Fig. 32 rdfsimember
ARE F71e A& YeERATE £o]o rdfsimembers X
sl Aok A 2ES HY Zo]EAAIAE RDFS &4
AEE R¥Y Zox ddste HHoE Ayl gho] ofd
RZRML®| EAojo Agd HRE AMEste ZH) o
g2A A s E5Hof A AR CAlld A= CAl
+ RZRMLOIA Aelgk wolmao] ik Ao sm SQL
Zoli A4 RDB to RDF ¥#S 93 A= Ag¥ )

<?xml  version="1.0" encoding="euc—kr"?>
<TripleMapList xmlns:rr="http://www.w3.org/ns/r2rml#">
<tripleMap>
<rrlogical Table>
<r:tableName>undergraduatestudent </rr:tableName>
</rrlogical Table>
<rrisubjectMap>
<rr:template>http://www.Department]l.
Universityl.edu{name}</rr:template>
<rriterm Type>1r:IRI</rrterm Type>
<rr:class>http://semantics.korea.ac.kr/
Ontologies/UndergraduateStudent ~ </rriclass>
</rr:subjectMap>
<rr'prediateObjectMap>
<rr'predicate>name</rrpredicate>
<rr:objectMap>
<rrcolumn>name</rr:column>
</rriobjectMap>
</rrprediateObjectMap>
<rr'prediateObjectMap>
<rripredicate>http://www.w3.org/2000/01/rdf-
schema#member</rr:predicate>
<rr:objectMap>
<rr:column>memberof</rr:column>
</rr:objectMap>
</rrprediateObject>
</tripleMap>
</TripleMapList>

Fig. 3. An example of RZRML

4.2 RDB to RDF 4%t

RZRML AHE vlEro@ g0zl SQL HojEs AR
ste] @AY dleolE 151 A4 dolgd gl
SQL #eJ&S Fal ¥ A3+ RDB to RDF W 7] &3
RDFZ wghsch o|wf, TA[l, CAll Ax7l A9 AFs

St AM3H M1=(2014. 1)

RDFZ W33} s AMg¥h do] Ane shve #=
=& TA[E &3 Fo& Aot e dzss A4
¥ Fo)E Tt w9k BAole AR dHstE CAll
ARE F83l9 A3l Fig. 39 dAls FoAAEe
rritemplate®l]  http://www.Department].Universi tyl.edu{name}
2 Aojuo] Qrh. wEkA Fole 9 ARE w2 T
Fe9] 7] 7] gko] nameel WA ETE HEg sojEH oA}
el AojE qrA wet Fojek HHolE Ao g} Fig. 5
2 #AAE deolgwolx~ ~7]utE YERATE Fig. 49 A W
A P FE=2] Fo= http://www.Department].Universityl.edu/
UndergraduateStudent0 2.2 FHE T =3 rriclass AEE
o2 Bl ARE AAdT 77 F9 JRE R2RML
of AojE AHo] mat £oje} FHoE RIET Fig. 55
RORML Rl wel wghe ZA3s yepdh 5, Fig. 5
Fig. 49| dle]glo)] digt LEZA] W3 2745 Jepd).

emaiaddress ) memberof name
Undergraduate Studert 0@ Department 1 Universityl.edu  http://www Depadment 1 Universityl.edu  Undergraduate Student0
Undergraduate Studert 0@Department 1. Universtyl.edu  htip-//www Depariment 1 Universityl edu  Undergraduate Student
Undergraduate Studert 1@Department 1 Universtyl adu  hitp-//www Department 1 Universityl sdu  Undergraduate Student 1
Undergraduate Studert 1@Department 1 Universtyledu  hitp//www Department 1 University ] edu  Undergraduate Student 1
Undergraduate Student 1@Department 1 Universityl edu  hitp//www Department 1 Universityl edu  Undergraduate Student 1
UndergraduateStudent 10@Depariment 1. University edu  hitp //wnw Department 1. University 1 edu Undergraduate Studeni 10
Uindergraduste Student 10@Department 1. Universityl.edu  hitp-//www Department 1 Universityl edu Undergraduate Student 10
Undergraduate Studert 100@Departmert 1 Universtyl.edu hitp-//www. Depament 1. Universityl.edu Undergraduate Student 100

Fig. 4. Relational Database Schema

<http://wuw.Department] Universityl.edu/UndergraduateStudent0><htto: //wwn.w3.org/2000/01/rdf-schenaltype>
<htte://semantics.korea.ac.kr/Ontolog “S/UHd raraduateStudent>

<http://wuw.Depar tment | Universityl.edu/|
<http:/fwuw.Department ] Universityl.edu>

fergraduateStudent0><http: //wn w3 .arg/2000/01 /rdf -schenadnenber>

1.Universityl.edu/UnderaraduateStudent0><htte: //www.wd . 0rg/2000/01/rdf -schenaf label>

aduateStudentOr<enailaddress»
tyl.edy”,
indergraduateStudentO><memberof>

went ] Universityl, edu/Und
ateStudentD8Des 1.
Desar tment 1 .k

artment ] L
<http://wuw.Department ] Universityl.edu/UndergraduateStudent(><name>
‘UndergraduateStudentd’

Fig. 5. Extracted ontology from a relational database
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Fig. 6. Result of RDB to RDF Translation
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Table 6. A comparative view of RDB to RDF mapping model

Speed of
Mapping
Generation

Accessibility | Extension
of Mapping of
Info ontology

Reusability
of Mapping
Info

Model

D2RQ high middle middle high

RDBToOnto high low low middle

Morph middle high high low

Proposed

System middle

high high
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