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ABSTRACT

This study described the results of converting RDB to RDF ontology by each of R2ZRML method
and Non-R2RML method. This study measured the size of the converted data, the conversion time
per each tuple, and the response speed to queries. The STNet, a structured terminology dictionary
based on RDB, was served as a test bed for converting to RDF ontology. As a result of the converted
data size, Non-R2RML method appeared to be superior to RZRML method on the number of converted
triples, including its expressive diversity. For the conversion time per each tuple, Non-R2RML was
a little bit more faster than R2RML, but, for the response speed to queries, both methods showed
similar response speed and stable performance since more than 300 numbers of queries. On
comprehensive examination it is evaluated that Non-R2RML is the more appropriate to convert the
dynamic RDB system, such as the STNet in which new data are steadily accumulated, data
transformation very often occurred, and relationships between data continuously changed.
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SELECT al.* FROM (

WHERE
it.term id = tterm_id AND
it.predicate id = p.predicate id AND
it.class id = cclass_id AND
itit value = tt.term id union

WHERE
itterm id = tterm_id AND
it.predicate id = p.predicate_id AND
itclass_id = cclass_id ) al
WHERE subject = ‘8173 Z4';

SELECT t.term_name as subject, p.predicate_name as predicate, tt.term_name as objects
FROM it_term it, dt_term t, dt_class c, dt_predicate p, dt_term tt

SELECT DISTINCT t.term_name as subject, p.predicate_name as predicate, it.it_value as objects
FROM it_varchar it, dt_term t, dt_class c, dt_predicate p, dt_term tt
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< 53l RDBe] ©lolHE FZ31™, RDB to
RDF ¥W37|E &3 &% dHo|HE RDF=

Wtk 752 7HRIT(OE 3) Fx).
R2RML S %3 STNet2] Ho|HE RDFZE
Wekslyl HEshs S Ul A= U] 1
Sy ATk
A AR R2RML 3412 glol& Fej 9
Ho]EE RDFZ W3ksl= 128 Fslal
JorE A¥H9 RDBY HolE 122
RHE7] 918l AelE 53l STNeto] Wk o
2} HlolE Z5E View HlolE-2 AAEIA
o} $HA, View FEj<] HolEol4 HlolH
£ F29 v+ primary key 7l 2] E o]
ojok 2 E STNet RDBOIA Al &-8h=
rownum-= ©]-83l 999 primary key &
Fojsilom, 7z A4 URI A4S S8l
2]¢] namespaceE AJ/dall A&tk
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&8 oARA (STNet) 9 RDF 2E2x W

e
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SPARQL RDE to RDF Oracle 11e XE
Endpoint | |RDBtoRDF|__| SQL | __| RZRML ||  Mapper Datar
(.NET Translator Generator Analyzer {Oracle 11g —_— STNet DB
Application) Client include) (L5 )
Windows 7 (x86_64) Generic Linux 2.4
(& 3) R2ZRML HeteS It Al 714
« 5 WAl R2RML 310l & 71A12 . & S8tk ol Virtuosool A #l5-5t
2 A7) 98k Virtuoso2 AHLa}o] £ SPARQL EndpointE AH-31oH,
R2RML ##k 2IHEZS AYAskAtH(L SPARQL Zejoi= A dlofefe] Frofi,
# 4) F2). Virtuoso= OPENLINKAF] Lo, BARE Z3sleE sIHTH(
EgZ AALEHAN SPARQL Endpoint, g5 ).
HTTPE 5% EloJe] A8, Linked Data '
& 59 715 AFerH http://virtuoso.
, N 3.3 D2R A{tHo]| 2]t Non—R2RML HiAlo|
openlinksw.com/#%). _
S RDF 3t
Al A2 AA] VirtuosoE ARE-8le] + H
A S A R2RML W8 ~THE STNet®] RDBell #73¥ H o8& Non-
] vlo]HE RDFE W3aith RZRMLE4 22 visgs7] 9fsl] D2RAH (http:
« v Ee 2 HMEE RDF HolHE e //d2rq.org/) & &SI D2R AH A=)
E SPARQL Z2|E daste] 37 At < WS Ao stel A R nlEdo] Alx
R2RML Graph
@prefix rr: <htcp://www.w3.org/ns/r2rmlf> .
Bprefix DE: <http://localhost:8890/=chemas/DE/> . ~
@prefix db-stat: <http://localhost:2890/DB/stat#> .
& ix rdf: <http://www.w3.o0rg/1998/02/22-rdf-syntax-ns> .
& void: <http://rdfs.org/ns/voidé> .
@ scovo: <http://purl.org/NET/scovo#> .
@ ix aowl: <http://bblfish.net/work/atom-owl/2006-06-06/> .
|§- ix owl: <http://www.w3.org/2002/07/0wls> .
<3#TriplesMapTERMZRELATION> a rr:TriplesMap; rr:logicalTable [ rritableSchema "DB" ; rritableOwner "STNet" ;
rr:tableName " TICN"™ ]
:subjectMap [ TIype rr:IRI ; rr:template "http://localhost:8890/DB/termZrelation/PRIMARRY KEY={PRIMRRY KEY}":
TION: rr:graph <http://locall 8880/DB¥> 1:
[ rr:predicateMap [ rr:constan Bi:primary | ; rri:objectMap [ rr:column "PRIMARY KEY" ]; ] :
[ rr:predicateMap [ rr:constant DB:subject_t 1 ; rr:objectMap [ rr:column "SUBJECT URI"™ 1; ] .
[ rr:predicateMap [ rr:constant DB:subject ] : rr:cbjectMap [ rr:column "SUBJ
rr:predicateObjectMap [ rripredicateMap [ rr:constant DB:predicate ] ; rriobjectMap [ rri:colum
rr:predicateCbjectMap [ rr:predicateMap [ rr:constant DB:objects ] ; rr:objectMap [ rr:column (v
rr:predicateCbiectMap [ rr:predicateMap [ rr:constant DB:object_uri ] ; rr:objectMap [ rr:column |
(A8 4) 23EEE Soll Y& R2RML(GIA])
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Query | Saved Queries

() Help

Default Graph IRI

Query

prefix STNET: <http://localhost:8890/DB/TERMZRELATIONS]
SE. INCT * WHERE {

LIMIT 10

Execute Load | Clear

I

o

http://www.openlinksw.com/virtrdf-data-
formats#default-iid

http://www.w3.0rg/1999/02/22-rdf-
syntax-ns#type

http://www.openlinksw.com/schemas/virtrdf#QuadMapFormat|

http://www.openlinksw.com/virtrdf-data-

formats#default-iid-nullable syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf-

http://www.openlinksw.com/schemas/virtrdf#QuadMapFormat|

http://www.openlinksw.com/virtrdf-data-

formats#default-iid-nonblank syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf-

http://www.openlinksw.com/schemas/virtrdf#QuadMapFormat|

http://www.openlinksw.com/virtrdf-data-

formats#default-iid-nonblank-nullable syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf-

http: //www.openlinksw .com/schemas/virtrdf#QuadMapFormat

http://www.openlinksw.com/virtrdf-data-

formats#default syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf-

http: //www.openlinksw .com/schemas/virtrdf#QuadMapFormat

http://www.openlinksw.com/virtrdf-data-

formats#default-nullable syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf-

http://www.openlinksw.com/schemas/virtrdf#QuadMapFormat|

http://www.openlinksw.com/virtrdf-data-

formats#sql-varchar syntax-nsztype

http://www.w3.0rg/1999/02/22-rdf-

http://www.openlinksw.com/schemas/virtrdf#QuadMapFormat|

http://www.openlinksw.com/virtrdf-data-

formats#sql-varchar-nullable syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf-

http://www.openlinksw.com/schemas/virtrdf# QuadMapFormat

http://www.openlinksw.com/virtrdf-data-

formats#sql-varchar-dt syntax-nsztype

http://www.w3.0rg/1999/02/22-rdf-

http: //www.openlinksw .com/schemas/virtrdf#QuadMapFormat

http://www.openlinksw.com/virtrdf-data-

formats#sgl-varchar-dt-nullable syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf-

http: //www.openlinksw .com/schemas/virtrdf#QuadMapFormat
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SPARQL
Clients
. | SRR D2R
Linked Data Ly '
Clients T e Server
= 4
I
HTML &l
Browsers Ei [ ozng |
I L D7AQ
Mapping
Fi
Local Java ) )
Application | . 1
. e ena/Sesame D2RQ . Non-RDF

__yr| ROF dump Engine Database
Triple Store h ’

(2l 6> D2R Mt A|AEl B&(http://d2rg.org/d2r-server)

# Table ONGCMA.DT_CLASSZPREDICATE
map : ONOMA_DT_CLASS2PREDICATE a d2rg:ClassMap:
d2rg:dataStorage map:database;
d2rg:uriPattern "ONOMA/DT_CLASS2PREDICATE/@@ONOMA.DT CLASS2PREDICATE .CLASSZPREDICATE_IDEE" |
d2rg:class wocab:ONOMA_DT_CLASS2PREDICATE:
d2rg:classDefinitionLabel "ONOMA.DT_CLASS2PREDICATE":

map : ONOMA_DT_CLASS2PREDICATE__ label a d2rqg:PropertyBridge;
d2rg:belongsToClassMap map:CNCMA DT_CLASS2PREDICATE:
d2rg:property rdfs:label;
d2rg:pattern "DT_CLASSZPREDICATE #@ECNOMA.DT CLASSZPREDICATE.CLASSZPREDICATE IDEE";

map:ONOMA DT CLASS2ZPREDICATE_ CLASS2PREDICATE ID a d2rqg:PropertyBridge;
d2rg:belongsToClassMap map:CNOMA DT CLASS2PREDICATE;
dZrg:property vocab:ONCMA DT_CLASSZPREDICATE CLASS2PREDICATE ID:
d2Iq:prope:tyDeflﬂltlUﬂLabEl "DT_CLASS2PREDICATE CLASS2ZPREDICATE ID":
d2rg:column "CONCMA.DT CLASS2PREDICATE.CLASS2PREDICATE_ID"
dZrg:datatype xsd:decimal:

map:ONOMA DT CLASS2PREDICATE_CLASS_ID a d2rg:PropercyBridge;
d2rg:belongsToClassMap map:CNCMA DT CLASS2PREDICATE:
d2rg:property vocab:ONOMA DT_CLASS2PREDICATE CLASS_ID:
d2rg:propertyDefinitionlabel "DT_CLASS2PREDICATE CLASS_ID":
d2rg:column "ONCMA.DT_CLASS2PREDICATE.CLASS_ID":
d2rg:datatype xsd:decimal:

map :ONOMA_DT_CLASS2PREDICATE_PREDICATE_ID a d2rg:PropercyBridge;
d2rg:belongsToClassMap map:ONOMA DT CLASS2PREDICATE:
d2rqg:property vocab:ONGMA DT_CLASS2PREDICATE PREDICATE ID:
d2rg:propertyDefinitionLabel "DT_CLASS2PREDICATE PREDICATE_ID":
d2rg:column "ONCMA.DT_CLASS2PREDICATE.PREDICATE_ID":
dzrg:datatype xsd:decimal:

map : ONOMA_DT_CLASS2PREDICATE_PREDIGATE_RANK a d2rg:PropercyBridge;
d2rg:belongsToClassMap map:CONOMA DT_CLASS2PREDIGATE:
d2rg:property vocab:ONOMA DT_CLASSZPREDICATE _PREDICATE RANK:
d2rqg:propertyDefinitionLabel "DT_CLASS2ZPREDICATE PREDICATE RANK":
d2rg:column "ONCMA.DT_CLASS2PREDICATE.PREDICATE_ RANK":

<3 7> STNet HIO[E{2| D2RQ THE AN HE(0[A])
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C:Wd2rg—0.8.1>d2r—query stnet.ttl "SELECT * { ?s ?p 7o > LIMIT 18"

<ONOMA-TERM2ZTERM- 1831 > ONOMA_TERM2TERM_HUMANITIES +txedidecimal
<ONOMA-TERM2TERH-1831 > ONOMA_TERM2TERM_DR_CHECK ecimal
<ONOMA-TERM2TERM~-1831 > ZONOMA_TERM2TERM_B13
<ONOMA-TERM2TERM.-1831 > :ONOMA_TERM2TERM_EBA
<ONOMA-TERM2TERM-1831 > = ONOMA_TERM2TERM_ABG

<ONOMA-TERMZTERNH-1831 > ZONOMA_TERM2TERM_SOCIETY

<ONOMA-TERM2TERM-1831 > :ONMOMA_TERM2TERM_SOCIETYAVERAGE i
<ONOMA-TERM2TERM~1831 > rdfs:label TERM2TERM #1@831"
<ONOMA-TERM2TERH-1831 > vocah: ONOMA_TERM2TERM_ONEST_CHECK “*xsd:decimal
<ONOMA-TERM2TERM-1831 > vocah: ONOMA_TERM2TERM_YECHE

Snorgl: Exploring http://localhost:18080/sparql

SPARQL: Browse:
PREFIX rdi: <htto ° o Classes
e Properties

SELECT DISTINCT + WHERE {
7s 7p 7o

LIMIT 10

Results: | Browse v || Gol || Reset

SPARQL results:

s p o
db:ONOMA/IT_TERM/188925 & vocab-ONOMA_IT_TERM_PREDICATE_ID & 163
db:ONOMA/IT_TERM/18 b:ONOMA_IT_TERM_CLASS ID & 201
db:ONOMA/IT_TERM/18! vocab-ONOMA _IT_TERM _IT_INDEX & 1
db:ONOMA/IT_TERM/188925 el & "IT_TERM #188325"
db:ONOMA/IT_TERM, OJNOMA_IT_TERM_IT_VALUE & 6200
db:ONOMA/IT_TERM MA_IT_TERM_TERM_ID & 33262
db:ONOMA/TT_TERM, MA_IT_TERM_IT_TERM_ID & 188925
db:ONOMA/IT_TERM/18 [ vocab:ONOMA_IT_TERM &
db:ONOMA/IT_TERM, OMOMA_IT_TERM_PREDICATE ID & 160
db:ONOMA/IT_TERM/18 vocab:ONOMA_IT_TERM_CLASS_ID & 201

<28 9) SPARQLE &8t Non-R2RML H|O|E{ &2
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VirtuosoE ©]4-3F ~23HE A & RDFZ BA 22 754 ARE Add 5 Je
Wgksh= R2RML w33 #2413} D2RQ w3 % ARE EYE HolHY 5 34 71F2
o1& AAsle] MeSh= Non-R2RML visg ® = Aokl WS Al Ao S AIZR] W7t
A& B3l wgke 7] AdE wrletr] S8, + STNet#t 222 AAl +3€ 524 RDBE Ul
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WS ARk S5

e

4.1 Hst

Hiolg el =2

R2RML ®4]¢] 739- RDBS] 2710} AR TS
H3ksH= R, D2R AHE o]-&-¢k Non-R2RML
w20l A= A%kl object property 2 2=
o} A& &l W3ksitt R2RML W3 H4S
SallAl= 35543070 2] ER|E dlolE7t A E

01 D2R AH1E o185 Non-RZRML g vt

* 7) RDBMS2t H

49121 (STNet) ¢ RDF 2

E2A W WA A7 145

21 FalAE 489.29871€] EBE HolE7F A4
Hof B A-lAE Non-R2RML 2l o &
= SEEAIE Wk 2102 Jehith o & (1
H 10)9] EfjE Wt 2¥E 29, R2RML 34
o] ¢ &of "HIFF ol thste] "HHEA
(http://www.skku.edu/ONOMA/IT_TER
M/49027)”¢] “hasMethod” #AIE E3l ETlE
2 AAso] A "HHIL S TR =
A (isMethodOf) o] EE2 EAISHA] S=th
124} Non-RZRML 2ol = L Aol
el “HHEA S o2 31 “isMethodOf" =
"RFEF e AAE EFZE AHIES
HAF gt} webs dlo]g o] W3e] v

9 =X AbH| ApOE

= (=N -]

72 35 A%
CPU Intel(R) 2 core cpu
Memory 4GB

RDBMS HDD

100GB SSD

0S

64bit CentOS

RDBMS

Oracle 11g XE

CPU

Intel(R) Core(TM) i5-2520M 2.50Ghz

Memory

4GB

g 2 54 4
HDD 250GB SSD
0S 64bit Windows

http://www.skku.edu/ONOMA/IT_TERM/104||http://www.skku.edu/vocab/ONOMA_IT_TERM_OBJECT_PROPERTY#hasMethod _|lhttp://www.skku.edu/ONOMA/IT_TERM/49027

RZ2RML

|http://www .skku.edu/ONOMA/IT_TERM/104|http://www.skku.edu/yocab/ONOMA_IT_TERM_OBJECT_PROPERTY#hasProperty _|http://www.skku.edu/ONOMA/IT_TERM/166627|

(Virtuoso)

[http: //www.skku.edu/ONOMA/IT_TERM/104][http://www skku.edu/vocab/ONOMA_IT_TERM_OBJECT_PROPERTYZisBranchOf _|[http://www.skku.edu/ONOMA/IT_TERM/10694

[http: //weww.skku.edu/ONOMA/IT_TERM/104]|[http://www skku.edu/vocab/ONOMA_IT_TERM_OBJECT_PROPERTY=isAffectedBy |[http://www.skku.edu/ONOMA/IT_TERM/172985)

[http://www.skku.edu/ONOMA/IT_TERM/104||http://www.skku.edu/vocab/ONOMA_IT_TERM_OBJECT_PROPERTYZisIngredientOf]lhttp://www.skku.edu/ONOMA/IT_TERM/40703

|http://www.skku.edu/ONOMA/IT_TERM/104||http://www.skku.edu/vocab/ONOMA_IT_TERM_OBJECT_PROPERTY=islssueln |http://www.skku.edu/ONOMA/IT_TERM/90197

<nTEp://wing. sk, edu/ONOMA/IT_TERM/104> <ATTp://www.w3.ora/1999/02/22-rdf-syntax-ns$type> <ALTD://wwy.skiu.edu/vocab/ONOME IT_TERM> .

<BTTp://wew, skka. edu/ONOMA/IT TERM/104> <ATTD://Www.w3.0rg/2000/01/xdE-. label> "IT TERM $T539" .
<htup:/ /. skkeu. edu/ONOMA/TT_TERM/104> <http://www. sklu.edu/vocab/ONOHA_TT_TERM CLASS_ID> "596"**<http://wuw.w3.org/2001/XML imal> .
<ntep:/ /. sicku. edu/ONOMA/ IT_TERM/104> <hTtp://wuw. skku.edu/vocab/ONCMA IT_TERM OBJECT PROPERT Method> <attp://w.skiu.edu/ONOMA/IT_TERM/4802T> .

<nTEp;: / /v skl edu/ONOMA/IT_TERM/104> <AtTp://www.skiu.cdu/vocab/ONGMA IT_TERM GBJECT PROPERTY#

ty> <nttp://we.skioi.edu/ONGMA/IT_TERM/166627> .

<nttp: //wm . sk, edu/ONOMA/IT_TERM/104> <http://www. skicu.edu/vocab/ONOMA_IT_TERM OBJECT PROPERTY#i

<htep://w . skl edu/ONOMA/IT_TERM/172985> .

NOH‘RZRML <BtEp:/ /. sklen. edu/ONOMA/IT_TERM/104> <AtTD://wwn. skim.edu/vacab/ONCMA_IT_TERM

<ntep://1 icieu . ciu/ONOMA/TT_TERM/10694> .

<hTtp://wew. siku. edu/ONOMA/IT_TERM/104> <AtTp://www.skku.edu/vocab/ONCMA IT TERM OBJECT PROPERTY#isIngredientOf> <Attp://wwi.skku.edu/ONOMA/IT TERM/40703> .

(D2RA1H)

<BTtp://ww. sk edu/ONOMA/IT_TERM/104> <ATTR://wwd.skku.edu/vocab/ONOMA IT TERM OBJECT PROPERTY#islssueIn> <AER://www.skku.edu/ONOMA/IT TERM/30197> .

<nttp://www.skku.edu/ONOMA/IT TERM/49027> <http://www.w3.org/1999/02/22-rdf-syntax-ns¥type> <http:// kiu. edu/vocab/ONOMA IT_TERM> .
<nTEp;: / /. skl edu/ ONOMA/IT_TERM/49027> <ALTR;: //waw.u3. ng/ 000/03/sdt-schenatlabel> "IT_TER 43 B .
<http://www. skku. edu/ONOMA/IT_TERM/43027> tp: //wna . skica. vocab/ONOMA_IT TERM CLASS_ID> "28&"**<http://www.w3.org/2001/XML decimal>

<nTEp://wng. sk, sdu/ONOMA/IT_TERM/49027> <ACtp://waw. sk, eau/vocan/ONOMA_ TT TER OBJECT BROPERTYES

<neep:/ /unm. skica. au/QNOMA/ IT_TERW/104> .

<hTp://wnn. sk edu/ONOMA/IT_TERM/49027> <hCtp://ww. skic. edu/vocab/ONOMA_IT_TERM OBJECT PROPERT:

<nttp://w. skko. edu/ONOMA/IT_TERM/40181> .

(& 107 Virtuoso2t D2RME{2| Triple Heh ZIH(OA])
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[5-Z] RDB—to—RDF ©j3d <o v (Hert, Rief, & Gall, 2011)

s
e 1

F10 F12

= |0
o= |1

F1 | F2 F4 | F5 | F6 | F7 | F8 F11 F13 | F14 | F15
Direct Mapping | (v) | X X X X | X X | X | X X X X X v
eD2R v v | v v vV |V |V |V |V X v (v) X v X
R:0 v X | v v vV |V |V |V |V X v (v) X (v) X
RelationalOWL | v) | ¥ [v | x [ x | x [ x| x |v | x | v |w]| x | x | v
Virtuoso v v | v v vV |V |V |V |V v v (v) X v X
D2RQ v v | v v vV |V |V |V |V X v (v) v v X
Triplify viviviv v iviviviv|ix | x |v| x| v |x
R2RML v v | v v vV | v |V |V |V v v (v) v v X
R3M W viv]iwmlviv v iviv| x| x| v |x|v|v
v = full support (v') = partial support X = no support
24 &5 &

F1 Logical Table to Class View Hlo|E3} 722 =] Hlo]E9 Y
F2 M:N Relationships thiete] Adx A

F3 Project Attributes o= £4 A4

F4 Select Conditions 54 24 Hg 4

F5 User-defined Instance URIs URI AH-AF A9 A9

F6 Literal to URI A AEE fle URI A9

F7 Vocabulary Reuse glo]Eo 7]ukst o}3] AN

F8 Transformation Functions A 3] W 7l AL, 25 5)
F9 Datatypes dolE zhe] MAF AdS E3 53 AY

F10 Named Graphs

RDF 1= A4

F11 Blank Nodes

RDF ZZ#i o] Wl 3H(eE) A9

F12 Integrity Constraints

744 AFx3 A(PK, FK §)

b R B

F13 Static Metadata

Static EMolE A A

F14 One Table to n Classes

RDB7F 18k 574 vt szt 223 79 shute] sllolgelln H9l

SYAE g A

F15 Write Support

RDFE 53 RDB dolH9] A% A4




