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st e desiAl @t old dfFst= EEol= RDFH ©lE/RDFS
ARE FIEAY A4S v 98S 3= Admin Module, RQL
Query=S *8]3F+= Query Module, ©F2 RDF toolE¥el AgS ¢ A
8= Export Module€©] Atl. 19 82 Sesame?] do]ElH|o] 2~ H o]
=24 207= g H ol
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Sesame
Document RDF, RDFS, DAML+OIL
PostgreSQL, MySQL, Oracle, Memory

based model
Interface’s Document | DAML+OIL
Query RQL
Resources
Namespaces
Triples
Allnewtriples
newtriples
Addedtriples
Database Schema Literals
Range
Domain
InstanceOf
Class
Property
Direct_subclassof

Database

13 8 Sesame Ho}E}H| O]~ 5

Sesame+ Jena®l @] W2 HolEo] EAg}. Jena2ol Aot ol T
s EglE T xS Adets Ao oyt EE FE7F zte oy ov
o Wl E AAs7] WEolth Sesame= WA EA7F S0l w @
22ES FESIY EYE JuUE B Triplestl o] &0l AFsiA ¥
th. of7)olA EgZ&  Subject, Predicate, Object® TFAo] W
ResourcesEl| o] &3} Literaltl o] &S F=x3t} o] girse] EHoz g
A7 ool 2d F A=A e domain F glAazo gho] H
A= WYl 3 ranget W3k A EE Domain, Rangeb| o] &9 Y=t}
a8l Hga2E d2¥A(Instance), F 2 (Class), 44 (Property) 0. &2

Fotar F 2o tai A= SubClassofet DirectSubClassofe] HAHE F
Z=solo] AFsar, A4 thal A= SubPropertyofe} DirectSubPropertyof

o ARE F&H AHSA Hr}l Sesamers B HolES Fof Ao Ay
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= AEE F A+ Aok

3.4 RDF-Schema rdfs:domain, rdfs:range

RDF-Schemai= RDF¢] AldlEl #0274 RDFo @S af| 23t A
A8 ghraE0d I25(Group)S  7IESIAY g AhaEZk] A
(Relation)E 714  7Fs38tA gtk o714 ¥ Y7 o8

RDF-Schema ©]3%] ¢l rdfsidomain®} rdfs:irange°l] tha|A] Lo}it}.

3.4.1 rdfs:domain

W3C #42AY9(Consortium)[16]e 4  A|-&3t= RDF Vocabulary
Description Language 1.0: RDF Schema %4l 42}l rdfsidomain
gdols Fo] 2¥W vy Ul Predicate®] domain#ke 7HAW 9
Predicate domainatell WErd Zel229] A A~ElAnko] Subject® UERS

S ool Aol dF So] Adad 19 93 2t

<owl:ObjectProperty rdf:ID=*nickName”>
<rdfs:domain rdf:resource="Person” />
<owl:ObjectProperty>

19 9 rdfsidomain <

3

RDF 22 OWL A of| A 1< 2o 7 A &
(owl:ObjectProperty)[15]¢] nickName©] i rdfsidomain #t S 2 Person®
2 AAEo gJurbd AAHEA nickNameS Person Fe#|~¢ H$A4 0=

gk AbEE 4 Aok | Predicate® Subject® A Person 229 QA2®

Iy
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3.4.2 rdfsirange

rdfsirangedt- rdfs:domaingt @ Aty E]E @A A Predicate?}
Subjectoll #3F A|go] o}y g} Predicate®} Objectoll #3F A 2F Alalo]t},

ol Eg 119 109] & Sl dshAck

<owl:ObjectProperty rdfID=*postCode”>
<rdfs:range rdfresource=*postCodeFormat” />
<owl:ObjectProperty>

2% 10 rdfsirange ©

RDFZ2 OWL A4 9 o] AAdEA o] postCode®] 1L
rdfs:range#t 2.2 postCodeFormat =2 XA = o] Qv postCodet
Predicate2 Object®A4] postCodeFormat E&f2~9 AAHAE who] Y&
T AdveE AS gy AA $EdE g2 000-000 S AREs R
% postCoded #< o]z Fejol Ll A5 zt= 4ol 2 Ao

.

)
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4. 2710 BRE o] &% vole FAWS Fa

B Ao = G A A e RDF-Schema®] rdfsidomian¥ rdfs:range
A H 5719k o] JHEES o] &3 tloEpuo] 2~ ~7]nfol TS
A Adrggith g, 7 AAG g ss Aletar FY A ste

HAe AAE S8 AdEd. B3, AAG BHe] e A gE
.]

TEEAE TGS e FES EYES A HEste=d ol #A
g dolgtwl o] 25 AMgshE 719 WAE[10,11]e EEE HolEtE A
3= 3y Statement H Ol ES A3t =, Jena2[10]9] A §-
'jena_gntn_stmt’ H o] & A% s} 3L Sesame[ll]e] 749 'Triples’ Hl
o5& ARSI F A BT EgE toleE AFste olE HelE
& THORE HPoletHlol A A7)ukrh Aol gtk EEE HolEHE A
ot HelEol QEart A E AN ZF ARl AFEE= AA
ol e} gkoll, ¥ 3 grew 1 wAEe] Eol7AY A
Al gk FxrF O Fgow T U7l wel ¥ Farh A
Jena2[10]°1 Al ‘jena_gntn_stmt’ Elo]Eo] Mz mdo] F7td uw F3
S =2 ngke] 14 F7tste] A2 Statement H ol Eo] F7hE 7= bt
dojol Fi7F owd shite] ot HE A= 7] Wil F& W
W2 obyTH17L. gk A, 7]Ee WAl A= AREAE Ao digk 2
IE s 7] fsiA BEE EYE HolEE B9 e
'jena_gntn_stmt’ H o] Eo tid|A Zo] W= EgZ HoletE HAME
o FolHe] oA AME-Z21(Self -Join) AAke] HIWMEA WAyt
grell itk ¥ 112 EgE ool e 2524 dotert A4 H

u

Ir

rlo
ol
s
s
o
=
o2,
_0|L
K

o
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T ARER o] AElE o e ol

Statement t:
Predicate

Triple mapping

2

D<lee o [X] \/

Ontology data

a9 11 2E2A dHele A%y dojAe 3A

ozl EAHS A3 ¢98] RDF-Schemaol A #|33F= rdfs:domain
% rdfsranges ©l€E & UEF dHelEHo]x A7|vpE wHo] S
ZQl dAxt 3 Al ZQld FHosli= dlolElY disle] HY g&FHoR

deolets AAd & sl

42 AT73E "ol epwo] 2~ 2~ 7)n}

RDFY OWLel YEd rdfs:Class 2 owl:Classt | 227Fe] ElALL-1]
(Taxonomy) #AI¢t Sl 247He] AAE HEHEH. o & Es E

252 29 F4 Y Member)Eol #3 AFA Y FAHUE 7
E 7]sskA doh A A A S rdfsidomiand} rdfsirangeE ©]8& 4 9
A dloletrlo]l~ A7|ntE AAgG oA BHE EE dHolgEs 7t
o] F¢~ Statement Hol =l AFgFozn He] Al dolete] HA
o

2=# o] ~(Space) FA4E QI wME A3}s 45 F Atk 5 RDF 5
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OWL Aol Yol rdfsidomain?t rdfsirange®] #tell YElY =
F ol geireE EER EfES AFsh= Statement HOlEES T
=+ 959 (Multiple) Statement Hol& T%E ZYE 5 Ho|gpH|o] X~ X~
71kE A sk Aol ofdl 19 12+ o] =il AAsk= WU Y
EgE dotere] Agwwa Ao AAS HAFE AlxFH RS

(System flow)©o] t}.

Ontology schema

DafaultTriple
Subj | Pred | Obj
ana!
gchem?
GeneProduct Association X

Pred Subj Pred Obj

Subj Obj

Direct resolve

Evidence

Term

Subj

Pred

Obj

Subj

Pred

Obj

Excract able {3 Te} Anal ﬂm’
(s e <= O

Term Association

Multiple class statement tables

Subj | Pred | Obj Subj | Pred | Obj

a9 12 A2 AAE A2

\=] [e)
T':/}jlvé‘

Z 2 2] (Preprocessing) TAA A 271w}
UEd S 2e disiA = Fd 2 StatementH| o] &S
S B3 Zt7te] Z#l~ Statement HolEo| ERE

= [e)
2] 7hEskA &2 EPE dlolel: 'DefaultTriple’
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o] & AFg-x2F Ao]= SQP Query Analyzerol 4 Predicateg AL 9]

of sjFst= Fel~ StatementH| o] &S AEsto] ALkl Fof A7) oL

1 AFE AREAF Al HEE st 3 Jena?] ‘jena_gntn_stmt’ EH o] £

AZE e FE HelgeEs g EW uvdadol~

(Namespace)[18]ell s F3sl= FtEC] =

UTH EY A doletH ol TS Fol7] 98] vl zH o] 2ol S
al

g ot
= RES Wy go|Eo AFEgla oS thel Statement H o] E-o
A FAzxseE gA o g folgido]l A A7utE A A EEe] Statement
o] =4 AVIE AYd =Y

o g 5ol v} 9= AHAH hasColore]
range#r < WineColor =& zt =1}, WineColor Z#2=9] JA2EHAE
‘White’, Rose’, Red” & stHE 7Fd & JorB® Z= hasColor 74
o] Al g M9 el ARk ghs 7Hdn o] 2% Predicate hasColore
Al vE dv ARV e 3 VIE uE Sdssde A #AC
gLtk

gy 719 ol HoleE AR uf o3 FRE AT o
gotA Fa BE EPE doleE stue Statement ElolEell A7
g AxzA dolet HAe ik ZF ek oy HA Atolz= FUt
Attt 8= I AHE rdfsidomain¥ rdfsirange A H.E
HoletE AAet=t ol &do=N TRAR AMS & & At 1
138 o]33t ARE o] &3}7] 93 DomainRange E|o]EZEA] £}<l &
Aboll YElUi= Predicateo] a4 rdfsidomain g X ¢} rdfsirange
E HoF3 QY. & Predicate #t 2% adjacentRegion®] Yo ™ 1
Subject®+= Region EEH/\A ~ElAnho] & 4= gl o Object
@ TS Regoin F#2=9 JA2EHATES 71Hd 4+ Qo E & 4=
Predicate #© % hasVintageYear’} Y42 ™ Subject®i= Vintage =@
o] dxad A ko] U 4 9l o™ Object# O Z+= VintageYear 229
Hagko] U4 5 A5S BolFa At

N

nt

B
[m

oxl Mmoo
il 1—;1 il

e
i

Ea

o
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Domain Porp Range

Region adjacentRegion Region

Vintage hasVintageYear VintageYear
Wine hasWineDescriptor | WineDescriptor
Wine hasColor WineColor

19 13 Wine & 2494 9] rdfsidomain ¥} rdfsirange
ALg2F Aol ibo]  Predicatedt©] adjacentRgion®] YWew 3+ ©
Region & @2 Statement Hlo] &% Zxd o 2H T doletE S
Aol 71E] HA EYE doleE AAMsts Aol vl #HEHA
gl B2 4o EYE HeolgE HASHA fotx= Hn Ty oY
ER2A7E & A AdE o dar ol wEk oAy SHzelA Ze
Predicate ©]&& A& zHA oo g F&o] LA = v o|d

)
A5 wAsE BAG 2 A2 el sl Lobu,

)

o

rfo

‘

4.3 Edge reverse tracing

}

X

Gene 2E2A A Term® name©| ’antioxidant activity(34F3}
g)olar ol9F AHE GeneProduct®] name®¢| 'T14G11.8'2 Term< ztal
2 & w $gl= o] FoE RDQL &2 RQLIE A9 d#e] EgjE Id
o] Pattern,(Subject, Predicat, Object) 2.2 13 149} & <12 <lE o]
25zt o7 e W] Y BE Fe EFZ %< Subject,
Predicate, Objectoll Al 27} &z} st Fholuh 2EZ2 4] AolA e
Ze] ArE ol sdt= | a(Path)s HERATL

-
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Pattern | (2X, name, ‘antioxidant activity’ )
Pattern 2 (X, association, ?Y)

Pattern 3 (Y, gene_product, !Z)

Pattern 4 (?Z , name, ‘T14G11.18’)

a9 14 EE Iy A9

Hele] FAogE #Heol Egl(Query Tree)® 19 153 o]

ge

ain

7] &Term¥ o] &7} €2 nodeE2 o2 AA HA &2 =58
UeldAY 27 169 v} 9l ProDuplicate H ol &2 =
Bt 2= Predicate gt& 7FAL vk 1 grol 1olW 3ld Predicate=
Broltts e verdth 213 179 DomainRange Hl ol &S <13
S =24 name°|l¥  Predicate®] domain#gto=  Term =9}
GeneProduct 22|25 7Fd + vk AS & 5 Aok webA o=
B 2~e]  Statement tableol| Al HloJetE Mo st=A AT F7F §
At Heote] A o] ¥ FP 2 Statement tableS Aok 3}, o] 2 3k
A5 FEe 249 Ef oA w34 = Hd(Directed Edge)E A H
F 4 (Reverse tracing)< ¥ 2 2% Predicate name?] domain #< 2

, 13 1594 Predicate name? domain< Predicate

i

.‘_4

S
N
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gene_product®] range ¥ Zri= AL

o

|83 Aot} o] 2
179] DomainRange H|o]Eo|A] &< & 4 Qo 1 A= predicate

name®] & A GeneProduct & 2o A HAA&|oF S AAST 4= Ao}

prop dupli
name I
gene_product 0

29 16 Gene= = A PropDuplicate H©o|%

Domain Pred Range

Term name null
Association gene_prdouct | GeneProduct
GeneProduct name null

a9 17 Gene<E = A DomainRange H ] E #1

o] WS 3#3e] Reverse tracing?d HAE H9A] FEFH Predicate
valueE ZH= HA Y A9 2¥(Stack)S o] €3 o FEAE AT
St

4.4 Multiple edge reverse tracing

ko] oA AHojo et e Ao Eg oA Predicate$! gene product
Al T2 Sz} ol AEFH T&H H ASE AdE 24 S
PropDuplicate Hl o] &2 19 183 o] gene_product #°] 124 S5 %

_22_

Copyright(c)2002 by Seoul National University Library.
All rights reserved.(http://library.snu.ac.kr)



&S vebdit) =3 o]w] 9] DomainRange H ol &S 13 199 Zt}.

name |
gene_product |

association 0

Term name null
Association gene_prdouct | GeneProduct

GeneProduct name null
Term association Association

9 19 Gene% Z# DomainRange H| o] & #2

A (Multiple Edge)oll W3] Predicateo] &% A4+ 1d

o= dd 5 vk = Predicate name©] T &%l 3l
2 ol dE3tE domaind}t Predicate #te] 4 (Pair)& "o ¥ &=t}
(Push). ©o] #& <7] 98 4 HAdel sl93F= Predicate gene_product
= AMEHA HeEd o] F 9A FHEHe qeEmRE domain #ht
predicate’d S Al 8o H=o} A9 1HdQl associations T & F o]

AA FowmF o] e range #<l AssociationS wHEHETh o] Fro] &y

)

o Folm= 19 19914 g A2 rangedt> GeneProduct?l #HS &
4 v}t A= Predicate name©] GeneProduct @] ~o] &3 Q&S <&
T At
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Term , association )

Association (
&y , gene_product) ( & , gene_product)
(

( &x , name) ( &x , name) &x , name)

¥
rir
on
o
v}
a
2
(@)
Q
T
o
s
()
-
%0,
rir
il
&
1
w0
5
T
=
(@)
=1
=,
o
e
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2 FdAe ZAYE Fdst  Jena2ell Al 7]Eo AMEEtd sy
Statement EH|o]E& Al&st W =FdAl AASE rdfsidomain?}
rdfsirange°] WERE Fefzol tiel A thro] statement HOlES AR
= W A ARbel tigh F7Eeh dlotEpHo] 2 Afol=o] tigh SAH o=
ds H7HE KAtk

51 A%

riet

¢+

2 39S 9% FH =& CPU Pentium4 1.6GHz ¢ RAM 1GBE AH&-
&t dolel Wola AladloZE MySQL 40S AHE dloen dol
E}l = Open Biological Ontologies[12]o A #|&3}+= Gene <&=ZA U OP
E}Ql termDBE AFEstR il A3 A|2"l2 Java®R 7 AT A
o] FAHe 2 2139 2

QI [ Find term whose accession is ‘GO:0016209’ and related evidence code value is ‘ISS’

Q2 | Find QI term and that is related with database symbol with ‘PMID’

Q3 | Find parent term whose child term’s definition is containing ‘amino acid’

Q4 | Find term whose name is ‘antioxidant’ and related with GeneProduct whose name is
‘TI4GI1.18

a9 21 48 A9 T4

Q1o e] He 2EZA AoA] Term ZFH =9 Predicate®] accession©]
I 2 FoeE ‘GO:0016209'E 7AW #H¥  Evidence F#&9
Predicate®] evidence_code #o2 'ISS'E zZte =tE Zogts oo

~
t} o] A<+ Association FH2E AFH 28H <2 AXxlo] WAL
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Q24 9E= Q1Y e Term 21l DBxref ZF# 29 database_symbol
Predicate®] ko] PMID'E zrE Term< 2HeE Zolojth Q32 Q13 Q2
of= O E2A 2EEA oA FEAAQ is_aBAlE Fe HAYEA FH
Term<] Predicate®! definition®] I #°S2A] ’amino acid'& X33l
MAE 2t Term & 2~9 JA2HAE F= ZAojo|th. Q4+ Predicate
o] T oz s ¥ Ask(Stack Operation) F3S T3 2o =z
2$1 Predicates A oF st 459 Aot

52 A4 23

ARALE A F 7HA FES vt A A APAE EA
Elu & 279 AWl rdfsidomain¥ rdfsiranges Al&3te] HolE 4
3t Ay T HRE o] &akx &du HE P& Wl Jena2 FT 2d
(Persistent Model)® 1 %S vlwstgth 9gl= dolglw o] 29 Alo]
== allNameSpacedt= Hjo]Eo] U drdHo|~E A A
= Hotetlo] 2 27utE Agketint o] Als u"R o ® )
ofetH] o] 2 Ato]=E Hlu H7}skSith

rr

M
= = o=
= (o)) T
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M Jena2
Our approach

Y

7

N

a9 22 Ao A A

Oy 22v AR AdRE Boerh A Aol 27t A el
Al o U4 Ass BTt QlEYdA e B m=EolA A
RDF-Schemag ©|&3le 7 F-olth. @l Predicates

Predicatec] Z#j2=" Statement H|o]Eo] &3] U= Predicategkol™ 3l
F "Holaw Ao R A EE toles AT o B & A4
TS g Addez Q12 Al i Hol&E<l Term E# 2 Statement
H o] &3} Association @2 Statement E|o]E 18]3 Evidence Zd|2
Statement Hlo] &% Zle] Fojstd Hth 1% 7] wfiZel Gene &&=

Aol Foh= dAl EYE dloteke] tiefM Al W ZRlsks ARG F U

HAArbetal a3

rdfsi:domain®} rdfsirange°| & F3t= A B 7F YJEIY AR Fe F9-E A

G @ Agolth o A% wRelA AAT WHol o WolAE ol

il
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st ole BEaHo e HeolEEES A oF st v 8o F7HEA
71 woltk, 2y AldlE  fle] # 5  duW  rdfsidomain
rdfsirange A EE= FH38] AFEHol v 7p8E + s Aotk 49
Q3 oA Hef 13 o] F2 Aol ystth d9 Q49 4B 1% 100l
Aol oAl ERler e doE oSl 5% Predicatee 7}A& 74

{F ol A F27F AARE
WiHe] 7] WHEY 25 o ¢5S BoFa Utk o]k olf =
L =22 A Predicateo] A sk F-E2 =3 7] wfitolth. kst
W EZE FoAA Subject®} Objectd] w2 2o AxE 2o ubz}
o2 e 7 4 AA T Predicate> $H 2F =4 ~7|vrl GEA A
WMk gkl 1% 7] wlE o Predicateo] WalAli= M4 (Cache)E Al
gomy ELdod taa /08 =9 F I Predicate®] 22

&
Zolth. o] A AAl dAl EgE H

Statement HolES S & AT
olE}7} old UdX F Ao EFZ Holel FolA] AL 7] wfjiFEol 7]
Fol WHHT £2 AH5S HoFt)

e

Y 232 dolepHe] s Afelz=o] ik HIbolth =l A AR
dojetuo] & A7vkE Abgdo s, A HolEtu|o] 2] Apo] =T}

2094 2 F AL & 5 A A dolebel s £ WAAE o
e e molE
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6. 28 % 3

o%
ot

AT 4P

2= B E=RdA OWL =& RDF #4179 27|vt doleld
rdfs:domain¥ rdfsirange®] FHE o] g3lo] dolglHo]x A7utE A A
staL Lo wl ERE dHoletE AFstel #eEE dolet= ¥ EHlol&
o FY2HY He HE 4S 7 AV 28A FoEHA AHHA
g tlolEtel] gk B ash AA AAs 9T Al A sk
tlolete] 42&3 235 d& 5 A ofdd VIHE Awstr] A=
th 9] StatementE A A sk A 2] (Preprocessing) ¥4 ¥ rdfs:domain
&3 rdfsirange @S A8+ DomainRange Hl©] & 12|31 Predicate©]
ZEo] Ho]9dE=XxE el E PropDuplicate HolE 27%S #-%&4
Hrp E=3E o] HolES FAStE W& A Bl 2FEA dHolv
of wlal otF A2 HIFTS

S AAHBE 1 ARTRE FASE NG 2
A g3 AN FAE 4

LoE EE&FoE o8 4 Urh
Fo AT RDF &2 OWLEAE AT d, wixlsoz on
A B2l rdfsidomain¥ rdfsirange HlolE}l7} ZAE 4 Q= HHA o3
AFE P A F ol
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A. UML Diagram
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Use Case Diagram 2
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AddDBSchema
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Triple
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Sequence Diagram 1
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B. Jena? Architecture Component
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C. Sesame Architecture
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D. Wine Ontology

<?xml version="1.0"?>
<IDOCTYPE rdf:RDF [
IENTITY vin "http://www.w3.0org/TR/2003/CR-owl-guide-20030818/wine#" >
<IENTITY food "http://www.w3.0rg/TR/2003/CR-owl-guide-20030818/food#" >
IENTITY owl "http://www.w3.0rg/2002/07/owl#" >
IENTITY xsd "http://www.w3.0org/2001/XMLSchema#" >
1>

<rdf:RDF
xmlns = "http://www.w3.0rg/TR/2003/CR-owl-guide-20030818/wine#"
xmlns:vin = "http://www.w3.0rg/TR/2003/CR-owl-guide-20030818/wine#"
xml:base = "http://www.w3.org/TR/2003/CR-owl-guide-20030818/wine#"
xmlns:food= "http://www.w3.0org/TR/2003/CR-owl-guide-20030818/food#"
xmlns:owl = "http://www.w3.0rg/2002/07/owl#"
xmlns:rdf = "http://www.w3.0rg/1999/02/22-rdf-syntax—ns#"
xmlns:rdfs= "http://www.w3.0rg/2000/01/rdf-schema#"
xmlns:xsd = "http://www.w3.0rg/2001/XMLSchema#">

<owl:Ontology rdf:about="">
<rdfs:comment>An example OWL ontology</rdfs:comment>
<owl:priorVersion>
<owl:Ontology
rdf:about="http://www.w3.org/TR/2003/WD-owl-guide-20030331/wine"/>
</owl:priorVersion>
<owl:imports
rdf:resource="http://www.w3.org/TR/2003/CR-owl-guide-20030818/food"/>
<rdfs:comment>Derived from the DAML Wine ontology at
http://ontolingua.stanford.edu/doc/chimaera/ontologies/wines.daml
Substantially changed, in particular the Region based relations.
</rdfs:comment>
<rdfs:label>Wine Ontology</rdfs:label>
</owl:Ontology>

<owl:Class rdf:ID="Wine">
<rdfs:subClassOf rdf:resource="&food;PotableLiquid" />
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasMaker" />
<owl:cardinality rdf:datatype="&xsd;nonNegativelnteger">1</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
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Wine Ontology (A £)

<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasMaker" />
<owl:allValuesFrom rdf:resource="#Winery" />
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#madeFromGrape" />
<owl:minCardinality
rdf:datatype="&xsd;nonNegativelnteger">1</owl:minCardinality>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>

<owl:onProperty rdf:resource="#hasSugar" />

<owl:cardinality rdf:datatype="&xsd;nonNegativelnteger">1</owl:cardinality>

</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>

<owl:Restriction>

<owl:onProperty rdf:resource="#hasFlavor" />

<owl:cardinality rdf:datatype="&xsd;nonNegativelnteger">1</owl:cardinality>

</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasBody" />

<owl:cardinality rdf:datatype="&xsd;nonNegativelnteger">1</owl:cardinality>

</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>

<owl:Restriction>

<owl:onProperty rdf:resource="#hasColor" />

<owl:cardinality rdf:datatype="&xsd;nonNegativelnteger">1</owl:cardinality>

</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#locatedIn"/>

<owl:someValuesFrom rdfiresource="&vin;Region"/>
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Wine Ontology (A £)

</owl:Restriction>
</rdfs:subClassOf>
<rdfs:label xml:lang="en">wine</rdfs:label>
<rdfs:label xml:lang="fr">vin</rdfs:label>
</owl:Class>
<owl:Class rdf:ID="Vintage">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasVintageYear"/>
<owl:cardinality rdf:datatype="&xsd;nonNegativelnteger">1</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<owl:Class rdf:ID="WineGrape">
<rdfs:subClassOf rdf:resource="&food;Grape" />
</owl:Class>

<owl:Class rdf:ID="WhiteWine">
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="#Wine" />
<owl:Restriction>
<owl:onProperty rdf:resource="#hasColor" />
<owl:hasValue rdfiresource="#White" />
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>

<owl:Class rdf:ID="WhiteTableWine">
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="#TableWine" />
<owl:Restriction>
<owl:onProperty rdf:resource="#hasColor" />
<owl:hasValue rdf:resource="#White" />
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>

m2
1
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Wine Ontology Instance

<WineBody rdf:ID="Full" />
<WineBody rdf:ID="Medium" />
<WineBody rdf:ID="Light" />
<WineColor rdf:ID="Red" />
<WineColor rdf:ID="Rose" />
<WineColor rdf:ID="White" />
<WineFlavor rdf:ID="Strong" />
<WineFlavor rdf:ID="Moderate" />
<WineFlavor rdf:ID="Delicate" />
<WineSugar rdf:ID="Dry" />
<WineSugar rdf:ID="OffDry">
<owl:differentFrom rdf:resource="#Dry"/>
<owl:differentFrom rdf:resource="#Sweet"/>
</WineSugar>
<WineSugar rdf:ID="Sweet">
<owl:differentFrom rdf:resource="#Dry"/>
</WineSugar>
<owl:AllDifferent>
<owl:distinctMembers rdf:parseType="Collection">
<vin:WineColor rdf:about="#Red" />
<vin:WineColor rdf:about="#White" />
<vin:WineColor rdf:about="#Rose" />

</owl:distinctMembers>
</owl:AllDifferent>
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Wine Ontology Instance(# <)

<owl:AllDifferent>

<owl:distinctMembers rdf:parseType="Collection">
<vin:WineBody rdf:about="#Light" />
<vin:WineBody rdf:about="#Medium" />
<vin:WineBody rdf:about="#Full" />
</owl:distinctMembers>
</owl:AllDifferent>

<owl:AllDifferent>
<owl:distinctMembers rdf:parseType="Collection">
<vin:WineFlavor rdf:about="#Delicate" />
<vin:WineFlavor rdf:about="#Moderate" />
<vin:WineFlavor rdf:about="#Strong" />
</owl:distinctMembers>
</owl:AllDifferent>

<owl:AllDifferent>
<owl:distinctMembers rdf:parseType="Collection">
<vin:WineSugar rdf:about="#Sweet" />
<vin:WineSugar rdf:about="#OffDry" />
<vin:WineSugar rdf:about="#Dry" />
</owl:distinctMembers>
</owl:AllDifferent>

<Region rdf:ID="AlsaceRegion">
<locatedIn rdf:resource="#FrenchRegion" />
</Region>

<Region rdf:ID="AnjouRegion">
<locatedIn rdf:resource="#LoireRegion" />
</Region>
<Region rdf:ID="ArroyoGrandeRegion">
<locatedIn rdf:resource="#CaliforniaRegion" />
</Region>

<Winery rdf:ID="Beringer" />

<Winery rdf:ID="Bancroft" />

1S
-z
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E. Gene Ontology

<?xml version="1.0" encoding="UTF-8"?>
<rdf:RDF xmlns:daml="http://www.daml.org/2001/03/daml+ oil#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:oiled="http://img.cs.man.ac.uk/oil/oiled#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"
xmlns:xsd="http://www.w3.0rg/2000/10/XMLSchema#">
<daml:Ontology rdf:about="">
<dc:title>&quot;Gene Ontology&quot;</dc:title>
<dc:date>February 2003</dc:date>
<dc:creator>Gene Ontology Consortium</dc:creator>
<dc:description>Copyright 1999-2002 Gene Ontology Consortium. Permission to
use the information contained in this database was given by the researchers/institutes who
contributed or published the information. Users of the database are solely responsible for
compliance with any copyright restrictions, including those applying to the author
abstracts. Documents from this server are provided "AS-IS" without any warranty,
expressed or implied.</dc:description>
<dc:subject>Gene Products</dc:subject>
<daml:versionlnfo>February 2003</daml:versionlnfo>
</daml:Ontology>
<daml:Class rdf:about="http://www.geneontology.org/go#glycolytic+ fermentation">
<rdfs:label>glycolytic+ fermentation</rdfs:label>
<rdfs:comment>G0O:0019660 </rdfs:comment>
<oiled:creationDate>2003-03-13T11:55:08Z</oiled:creationDate>
<oiled:creator>chris</oiled:creator>
<rdfs:subClassOf>
<daml:Class rdf:about="http://www.geneontology.org/go#fermentation"/>
</rdfs:subClassOf>
</daml:Class>
<daml:Class rdf:about="http://www.geneontology.org/go#kappa—-opioid+ receptor">
<rdfs:label>kappa-opioid+ receptor</rdfs:label>
<rdfs:comment>G0:0004987 </rdfs:comment>
<oiled:creationDate>2003-03-13T11:55:29Z</oiled:creationDate>
<oiled:creator>chris</oiled:creator>
<rdfs:subClassOf>
<daml:Class rdf:about="http://www.geneontology.org/go#opioid+ receptor"/>
</rdfs:subClassOf>
</daml:Class>
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Gene Ontology(A<)

<daml:Class rdf:about="http://www.geneontology.org/go#post—pollination">
<rdfs:label>post-pollination</rdfs:label>
<rdfs:comment>G0O:0009856 Post-pollination involves interactions
between the female tissues (stigma, style and ovary) and the
male gametophyte or the pollen tube cell, which contains the
sperm cells. definition_</rdfs:comment>
<oiled:creationDate>2003-03-13T11:55:31Z</oiled:creationDate>
<oiled:creator>chris</oiled:creator>
<rdfs:subClassOf>
<daml:Class
rdf:about="http://www.geneontology.org/go#physiological+ processes"/>
</rdfs:subClassOf>
</daml:Class>
<daml:Class
rdf:about="http://www.geneontology.org/go#debranching+ enzyme">
<rdfs:label>debranching+ enzyme</rdfs:label>
<rdfs:comment>G0:0005957 OBSOLETE (was not defined before being
made obsolete). definition_</rdfs:comment>
<oiled:creationDate>2003-03-13T11:55:17Z</oiled:creationDate>
<oiled:creator>chris</oiled:creator>
<rdfs:subClassOf>
<daml:Class
rdf:about="http://www.geneontology.org/go#obsolete+ %2B"/>
</rdfs:subClassOf>
</daml:Class>
<daml:Class
rdf:about="http://www.geneontology.org/go#UDP-N-acetylglucosamine+ 1-carboxy
vinyltransferase">

<rdfs:label>UDP-N-acetylglucosamine+ 1-carboxyvinyltransferase</rdfs:label>
<rdfs:comment>GO:0008760 Catalysis of the reaction:
phosphoenolpyruvate + UDP-N-acetyl-D-glucosamine = phosphate
+ UDP-N-acetyl-3-0-(1-carboxyvinyl)-D-glucosamine.
definition_</rdfs:comment>
<oiled:creationDate>2003-03-13T11:55:05Z</oiled:creationDate>
<oiled:creator>chris</oiled:creator>
<rdfs:subClassOf>
<daml:Class
rdf:about="http://www.geneontology.org/go#transferase%2C+ transferring+ alkyl+ o
r+ aryl+ groups%2C+ other+ than+ methyl+ groups"/>
</rdfs:subClassOf>
</daml:Class>
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Gene Ontology(A<)

<daml:Class rdf:about="http://www.geneontology.org/go#iprodione+ amidohydrolase">
<rdfs:label>iprodione+ amidohydrolase</rdfs:label>
<rdfs:comment>G0:0018748 </rdfs:comment>
<oiled:creationDate>2003-03-13T11:55:32Z</oiled:creationDate>
<oiled:creator>chris</oiled:creator>
<rdfs:subClassOf>
<daml:Class
rdf:about="http://www.geneontology.org/go#hydrolase%2C+ acting+ on+ carbon-nitrogen+ %28
but+ not+ peptide%29+ bonds%2C+ in+ linear+ amides"/>
</rdfs:subClassOf>
</daml:Class>
<daml:Class
rdf:about="http://www.geneontology.org/go#aryl+ hydrocarbon+ receptor+ nuclear+ translocat
or">
<rdfs:label>aryl+ hydrocarbon+ receptor+ nuclear+ translocator</rdfs:label>
<rdfs:comment>G0O:0005061 </rdfs:comment>
<oiled:creationDate>2003-03-13T11:55:27Z</oiled:creationDate>
<oiled:creator>chris</oiled:creator>
<rdfs:subClassOf>
<daml:Class
rdf:about="http://www.geneontology.org/go#receptor+ signaling+ protein"/>
</rdfs:subClassOf>
</daml:Class>
<daml:Class rdf:about="http://www.geneontology.org/go#response+ to+ cold">
<rdfs:label>response+ to+ cold</rdfs:label>
<rdfs:comment>G0:0009409 A change in state or activity of an
organism (in terms of movement, secretion, gene expression,
enzyme production, etc.) in response to temperatures below
the optimal temperature for that organism. definition_</rdfs:comment>
<oiled:creationDate>2003-03-13T11:55:32Z</oiled:creationDate>
<oiled:creator>chris</oiled:creator>
<rdfsisubClassOf>
<daml:Class rdf:about="http://www.geneontology.org/go#response+ to+ stress"/>
</rdfs:subClassOf>
<rdfsisubClassOf>
<daml:Class
rdf:about="http://www.geneontology.org/go#response+ to+ temperature"/>
</rdfs:subClassOf>
</daml:Class>

19 34 Gene Ontology &+
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Three categories of GO
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Abstract

Future of current Web is the Semantic Web which gives a well
defined semantics to web resources. So, such things give not only
human but also computer ability to understand semantics of document.
RDF(Resource Description Framework) supports semantic connection
among web resources and uses a triple structure to express
meta-data. RDF-Schema 1is a predefined vocabulary to express
resource’s structure or relation between resources. This paper
describes the problem with storing triple data to relational database
system and proposes problem solving way by using semantic
information of rdfs:domain and rdfs:range of RDF-Schema vocabulary.
Moreover, query processing by using our approach is more efficient in

that data search space is reduced.

Keywords: Semantic Web, RDF/RDFS, OWL, domain, range, Query

Processing.

Student Number . 2003 - 21539

_55_

Copyright(c)2002 by Seoul National University Library.
All rights reserved.(http://library.snu.ac.kr)



w7

o

R

o} Zo] 9laA

A7 AMd o e 2d A7

=

=, 2d 1 2]

(o2

=
= A

3lo] OOPSLA €729
dol sk
Abolel Ak

.
21 5ts

=
=

sk
=

A

—~
file)

H
ey
o
e

—
fite)

2l

I

AR

A = sy
o= 2d Ft Ay Wggle] A4

[e)

Ad&

Z} O
T

A AAERYT FouE A7

)
=i

=

3
o~
T

T

€]

A okl

1

upm Al o
A

]

-

=

L
A

=
T

3

=4

L
a

O}_ o

]

A

x

1=
=

al

]

bubel Eeke] A AR oA
A

8wy
=
T

o

ml

vzl

—

N~
el
M

ol
G

)
=)

|

T

Al

9] 01

o] =

=

j

ol 2 Fe 2ol A Ao FVIA F

il

0

o

B

An

il
B

o

s
i
el
o
=0

o

171 w2l 2ol
SRAT oY A=

R

W

-
R

of

~
70

of

0

ToF

Np

—_
"o

—

O

A

oV

NI

Trolx AAL =7

o] o
= =

=

al

e A

s
D)

]
—_

N2

o)/
N

Nfo
N
1o

o
5!

[e)

S I I O =

—
fite)

<
B

NG|

o

!
b))
ulJ

o)

-—

—~

~
;.00

— 56 —_
All rights reserved.(http://library.snu.ac.kr)

Copyright(c)2002 by Seoul National University Library.



	목차
	제 1 절 서 론
	제 2 절 관 련 연 구
	제 3 절 배 경 지 식
	3.1 온톨로지 데이타
	3.2 Jena 2.0
	3.3 Sesame
	3.4 RDF-Schema rdfs:domain, rdfs:range
	3.4.1 rdfs:domain
	3.4.2 rdfs:range



	제 4 절 스키마 정보를 이용한 데이타 탐색범위 축소
	4.1 동기(Motivation)
	4.2 재구성된 데이타베이스 스키마
	4.3 Edge reverse tracing
	4.4 Multiple edge reverse tracing

	제 5 절 성 능 평 가
	5.1 실험 환경
	5.2 실험 결과

	제 6 절 결론 및 향후 연구 방향
	제 7 절 참 고 문 헌
	부 록
	A. UML Diagram
	B. Jena2 Architecture Component
	C. Sesame Architecture
	D. Wine Ontology
	E. Gene Ontology
	F. Three Categories of GO

	Abstract
	감사의 글
	그림 1 Jena2 데이타베이스 스키마
	그림 2 Jena2 jena_gntn 테이블
	그림 3 Sesame 데이타베이스 스키마
	그림 4 Wine 온톨로지 일부
	그림 5 Wine OWL 문서 일부
	그림 6 Gene 온톨로지 스키마 일부
	그림 7. Jena1.6.1과 Jena2.0 비교테이블
	그림 8. Sesame 데이타베이스 특징
	그림 9 rdfs:domain 예
	그림 10 rdfs:range 예
	그림 11 온톨로지 데이타 저장과 질의처리 과정
	. 그림 12 새로 제시한 시스템 플로우
	그림 13 Wine 온톨로지에서의 rdfs:domain 과 rdfs:range
	그림 14 트리플 패턴 질의
	그림 15 질의 트리
	뀉 뀉 그림 16 Gene온톨로지 PropDuplicate 테이블 #1
	뀉 뀉 뀉 그림 17 Gene온톨로지 DomainRange 테이블 #1
	뀉 뀉 그림 18 Gene온톨로지 PropDuplicate 테이블 #2
	뀉 뀉 뀉 그림 19 Gene온톨로지 DomainRange 테이블 #2
	그림 20 스택을 이용한 해결 방법
	그림 21 실험 질의 구성
	그림 22 질의 처리 시간
	그림 23 데이타베이스 용량 변화
	그림 24 사용자 및 프로세스간의 유스 케이스 다이어그램
	그림 25 Multiple Statement 테이블 데이타베이스 생성 유스 케이스
	그림 26 Multiple Statement 테이블 데이타베이스 생성 클래스
	그림 27 질의 실행 클래스 다이어그램
	그림 28 Multiple Statement Table 생성 시퀀스 다이어그램
	그림 29 Multiple Statement 질의 처리기 시퀀스 다이어그램
	그림 30 Jena2 Architecture
	그림 31 Sesame Architecture
	그림 32. Wine Ontology Schema 일부
	그림 33. Wine Ontology Instance 일부
	그림 34. Gene Ontology 일부
	그림 35 Molecular Function
	그림 36 DNA Metabolism
	그림 37 Cellular Component


