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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 RZRML 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.
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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+ 98 #t2=2 R2RMLa & 21 &9 %2
TA[l, CA[1Z 7}tk R2RML £417]e] 918® R2RMLa
= 34 35S o] &eked R2RML A4 Ul EgZIAS A
ogtt}. EREAMES =EH ol E, FoAMY, o SH AT
o® F4=m R2RML &4 Ul Zej& uwkg} TMIel #7
gt TMIS EgZAdo® Aowu R2ZRML EA =
Sk 7l oldkel ERZAMde] AejEe] gty mebx TMIS
Y2E e A8FRE /Y oy g8 B3 TM9
o7t =W HolE5¥ Ay ARE Aowrl SetTableAttr
e TMIe Fojd =gelols Rt FojAd ARE
ol-&ato] Ho]E9 o]EF} rritemplate AHRE At} o]
2 god dHoly Are TA[ AZEd TMe ik
AEE 7M. Heold &4 At gEEW AddTableAttr
g8 o83l HolE &4 HRE TA[l g2=Ee F7}
ok, TA[ ARy gaEd 249 $4 ARE Aot
AY £A4LS SetColumnAttr 5 F3 AoJdtt o] u
A9 A48 CAlldl A= A9 W3} Ad 84S A9
ste F7FA o2 RDFS &4 AEE 7M. Hy £4 A
A7t aHW AddColumnAttr 33 o] &3
H &4 JBE CA[ Bl2Ed F7}gh

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
vepdth. SQL A7 TAIl, CA[lE 99 #& Z1

SQLIIS &9 ez 7HKth TA[dlE Heols HXE7F A
F=o] otk wEkA SQL FeojE2 TA[ldl A= dolH
= 7|dto g AAHET TA[lol AFE HolE ¥ HAHEE
SetFromStatement &% &3 SQL HoJ&< From #&
sk ARgEh ojuf AJdE SQL T2 SQLiromOl
A}, SQL Ao#9] From A2 Aol ¢aEw go]
o] 7|® 7] e AR HolEe 7E 7] H& TA[]
of Aol dom 7|& 7] W& Select Aol F7135te] 7]
7] #S st g AAE Ve 7] @ FolE
gojs u AgEh 718 7] W AYr gksEW TA[
%35 Ad WS Select Aol F7tetth. Ay W2 CAlld A
Aol glen TA[ldl A= dHolEy Ha CAlldl A3
Hol & o] Ux|ahe Aol 7t Select Aol F7Fgteh. CAll
of Ad A7 W& Select Hol F7Fsto] Select 22 A
e gmgth Select o] Aol gnHW SQLo A%
g} st Hols £/del oid SQL Z o WEho] gk
HH SQLs9 SQLioms SQL[Cl A7ggtch. 7hzhe] Hol&
SAvit AAdE SQL FoES SQL 2~E = A
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d

N

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
14: INCREMENTa
150 ENDFOR

6) RDB to RDF ¥%H7]

Table 5% RDB to RDF ¥37]¢9 <agES vehich
RDB to RDF ®37]= 42 o= TA[l CAll, SQLI+&
7AW £ ghoZ RDFa 2 7tk dg® SQL Ao
2 Query 5 B3 @AY dolgulo]xe] AgE o
Hol A3ttt Query I EE SQ 5
o] A= RSel AAdth RSel Add e Az
o] A% doleld® RDFZ W3t} RSO A& o
E RDFZ W3ste #3e TA[] A% doleE 74
o= gl TA[ldl= Holgol digt Jrrt A4so] gl
webd TA[C AgE ol AHre} RSl A4E Hol&
ARE Felste] dXsh= HolHE =t HolE: AR}
dzatd TA[ AZE mrtemplate RS Fxsto] Eg



LA CIOIEHIOIA 77 249| oo A

o2 CAlld AFE A¥
Aol ARZ A F3} Ufﬂ =

o
)
=
=}
5!
J
oX,
o
fitl
i
ox
s
2
32
o
r2
I
2
2
o
f

= CAll 249 dolg= 449 she] da=ol o
RDF M3ko] $h=s|® RDFs 2410] 37kt SQL o2
A3} doleje] Wsko] gL,

Table 5. RDB to RDF Translator

[Algorithm] RDB to RDF Translator

1:  Input:TAI[LCA[LSQLI],

2: Output:RDFa

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: INCREMENTb

17 ENDIF

18: ENDFOR

19: INCREMENTa

20: ENDFOR

32 RDB to RDF &t =244

Fig. 2= At A|2=€1e] RDB to RDF W3 Z2ZA|~E
yebdch Aok A28 RDB to RDF ami®, R2RML ¥4
71, SQL 447], RDB to RDF ®37]E 7}xt) g =
Generator %L—’FE o] &3l BWAF dolElMo] A TS
°} RDFS 74 S4¢te] w3 138 Aosth. R2RML +
7= Ao UHJ4 TEE AMEste] Y FeE E9
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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
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olt}. Aok A|2"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 3315
o} Aok AlAES AEEy] Y] LEEA YAET QI
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Fig. 32 At Al=glol A AFE3 R2RML o AlS UEbd
th. R2RML2 #AF dHolE o]~ Hol&& Eg|Z Al
wsgstel FEGT o] A wjF o] uw #AAY
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EYZAM U =gdHol Bl #AE dolgulol~ Hol&
W AR EAg webA =gHelE ARE AMEEHS
BAEY dolguol~ HolE ¥ AHARE deth thgoR
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Atk RDFe] &ojoll Fd3 JHE Fold

Edste 24
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2A Eo]EHojAltel = RDFS 42 71 4= Stk o

£ 59 rdfssmember R E F7}817] H8lAE Eo]H4 o
APl sl ARE Frhebd ") Fig. 32 rdfsimember
ARE F7138 oAE YERL £olo] rdfsmemberg %
sl Aok A2ES HY Zo]EAAIAE RDFS &4
AEE ¥ Zox ddste HHoE Ayl gho] ofd
RZRMLO| EAojd AdH HRE AMEste ZHIL) o
g2A A s E5Hof A AR CAllA A= CAl
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<?xml  version="1.0" encoding="euc-kr"?>
<TripleMapList xmlns:rr="http://www.w3.org/ns/r2rml#">
<tripleMap>
<rrlogical Table>
<ritableName>undergraduatestudent </rr:tableName>
</rrlogical Table>
<rrisubjectMap>
<rr:template>http://www.Department]l.
Universityl.edu{name}</rr:template>
<rriterm Type>1r:IRI</mrterm Type>
<rr:class>http://semantics.korea.ac.kr/
Ontologies/UndergraduateStudent ~ </rriclass>
</rr:subjectMap>
<rr'prediateObjectMap>
<rr'predicate>name</rrpredicate>
<rr:objectMap>
<rricolumn>name</rr:column>
</rr:objectMap>
</rr:prediateObjectMap>
<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 vl o2 ghE5o)zl SQL HojEs AR
ste] @AY dleolE 151 A4 dolgd gl
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St AM3H M1=(2014. 1)
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Fig. 49] dlo]&fe] ojg

emaiaddress )

Undergraduate Student 0@ Department 1 Universty1 edu
Undergraduate Studert 0&Department 1, Universty1.adu
Undergraduate Studert 1€ Department 1 Universty1 sdu
Undergraduate Studert 1&@Department 1 Universty 1 edu
Undergraduate Student 1@Department 1 University 1 edu
Undergraduate Student 10@Department 1 Universty 1 sdu

vehdith &, Fig. 5

memberof name

http://www Depadment 1, Universityl.edu  Undergraduate Student
hitp-//wew Depariment 1 Universityl edu Undergraduate Student0
hitp-//www Depariment 1, University1 sdu  Undergraduate Student 1

hitp-/fwww Depariment 1 University] edu  Undergraduate Student 1

hitp-//ween Depariment 1 Universityl edu  Undergraduate Student 1

hitp //wew Depariment 1 University.edu  Undergraduate Student 10

Undergraduate Studert 10@Department 1 Universityl.edu  hitp://www Department 1 Universityl.edu  Undergraduate Student10
Undergraduate Studert 100@Department 1 Universtyl.edu hitp://warw Department 1. Universiyl.edu  UndergraduateStudent 100

Fig. 4. Relational Database Schema
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.Degartment ] L
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<http://wuw.Department ] Universityl.edu/UndergraduateStudent(><name>
‘UndergraduateStudentd’

Fig. 5. Extracted ontology from a relational database

43 78 Ug

At Alz=ele Abde] R2RML B EE wHeojok Fh)
R2RML ARE Hstazt sk dlo]efwo] 2o 27w A

= 7Nte g WL Abde] wEolxl R2RML AR+ 1)
2 el ofsl TA[D CAll A2E Aot TA[S CAll
AHRE nlgtoz @A dolEMo]xd AHAE dHolEHS
7HH 27§18 SQL doEs At SQL FEe E
2 EAES Vo r AAg weba EFEARde] b
F SQL #ejito] wEojxit} olg8 A whEolxl SQL 49
3 BAY vlolE o] zel %A dolEd g
o} SQL Aol%-9 A= RDF W3S 943 HolH=Z ALE
Hch. R2RMLO| “gojel o] we} Ao A= Fo,
o], HXolZ Wt #AY dlolelwo] o] HgE
B9l RDF ¥3F A7 1/1000% 992 AlFste] Al7be
& A5 st

o

o
=

o >



TAE OOIHHIOIA 7o 220 ool BAZE 1

5 &3 A

oot

OE!

7t

o] Zo|Ai= RDB to RDF W S et 4y Az}

7]@31;} TG o] mEoA AR A2"H 7)E ATE
A& Fate]l AA, A Hobel Bel 7)edth

A HILE 9ste] Mskd dolE e Ar]9 doly Mgk
B HEtE deolEe Av)e At Al~RT

o] W3t dlojH] 27] HAE F3ko] ARl Al
22 W
2

il

%S vlulght}, dlo]E W3 Az
|82 RDF= wWgsle A0S
ojulst At Alz=€e] 45e Uil AF A|2~ElE l
+ RDBel A%€ doHE R
2RQ, RDBToOntoE A 03}93\3}.
T3 R2RMLS 43 RDB to RDF ¥& 91491 MorphE

o
=
o

"E
o —
QL
N
Ho J
e

fo g &
-
o
)

H7r tdos dAsAt A9S 918 D2RQ, RDBToOnto,
Morph, A|SF Al2=gle FAg fAF dHolg o] z~oA]
gt HolH AL UBA £E24 7S o] &389)
om & 5000071° FES #AY dloleiwo] o] A s}
Ak EE RE A AP Yng AxwdAM s
on AAY dolE el AE MySQLS A3kt

BAE dolgmo] o] A dolE
EEAR WMEs= do AV]E W] 98 RDB to
RDF ®i3 dojge A7]5 vlagth A38S 93] F 1074
of #AE dolelwo]x AFAE AAsATE & 1 o] E] ]
olzdlE dHolH Z7|Z 5000 FE @9E Frlste] &
50,0007 FE& A8k Fig. 6 A Alxelo] #73
tlojejwo]2=9] HolE W, A W Alelo] AAHFRE
7he W3 A%Es \%EMD} D2RQ$} RDBToOnto?] 7-¢-¢l
E AFog F718l= RDFS $4 ARsS x33 2ns

=2 N ogh

(¢]

veRdth D2RQSF RDBToOnto= Morph®.t} ¥ 3+ t|o]E
7b Btk #AY vlolg Mol 2o AE dlolEl7} U}
ANk dlolE] Wgk At & olf+= D2RQ= #HolE £4
S H3k golHd AFow Frbely] wio|ty 3
RDBToOntoi= RTAXON 85 WS Fafl A4% ol
79 AAH o= RDFS A4S Frkete 13& 7 o
ot webx] #AAE dlolewo] 29 27wl HERES W)
= Morphel W& D2RQ$} RDBToOnto %2 W3 Az
g Btk AW AL Alz"o] AAF ©vlo]E o]
A ARE F7HE ASde At Ax"e] MY we &
o] REEAE A AE BA T A AlxEd
s Ao F7F & F 0‘% RDFS $4 /71 @rh o

EW Zﬂ"& Azl #AY e

245t RDB to RDF OHE AlA® 27

50,000

350,000

300,000

250,000 _

200,000

150,000

100,000

50,000

hl
| [ s we [ 2k [ ok 20K 5k 50k

=0 21 123
= n

Data Size

35k 0K
| 218009 | 2sioe7 | 287gvs | sasgss | ssamel
[ 188187 | 217128 | 2e108 | 279084 | 310083

1NETG | 1IN681 | 247K | 274511 | a0l
GaRiS | JaSM3 | JNAGEE | 3306 | 64d8s | 40eT

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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