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S 9nle  dAZA(Relationship between Web
Resources)S %3] ARE A&3t) = AHAB ouE rdo=r
Aot g e AAANE xHdTo=mN Ay FHFEUL

olgid  Amig el HHe HAsEr] M= 2EEA
A=

Ll

Zluro g2 o) n| AR 2 TA = Al g 4] (Semantic

Documents)E°] W3t FE& F3l HAd EAs s TS AR

A ormes A& FE-AA dAE = F A=, olEsh
#A 2} Description Logic = ©]&3pH 2EZ Ao ZAHAHOo=R
EHEA &> AN o] AE FES Fste] AAEFAY o]
gk deojo] @3 4 QA "k AlME oA Ao 959
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Apoptosis regulator,
Enzyme activator,

Apoptosis activator Protease activator

Apoptotic protease activatoy

Galactos activator

Coalation activator Protease synthesis

Coalation Synthesis Galactos Systhesis

13 1 Gene Ontology ¢ <

deo] HAH HiEo 2EFEAGE §oE AF distAl Hed
AlmE foAe] E2AE= Nd3te] 1A’ (specification of
conceptualization)S &3t} LEZA= X2 FHo] 3k FE2A,
g s BEdEE sted dold 7 JidEs FEckal L
NEE9 A3 #AE AT e=N 7 /ids A A=
Wiolth ol gk ome A o] $] AL (thesaurus)o|th H o] EjHo] 2

271vh, E= ok%(Yahoo)o] Al &9t #2 ASA JhHlad =
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AREET 2 FAA 2 =R A A #AQ
subClassOf Y subPropertyOf += EWXEIH  #A|(transitive
relationship)e]az, A HZAl s 7Hd(concept)el]l gk
' X(instance)® ofyEk 2 dk¢] SdUEER EF o

FEA A S Ao ofyet 1 a9 SdAERE BT didel
xdEA Ak S dde 28E G= (N, Bl dig EdAEHA
Z 2 A (transitive closure) G =(N, E"N)eol| &l A= 1A FHr}.
|24om, old gz EMAEE FEAE Fote A2 AT
aze oigk oy dE FdS AAEE W dEY w9

Baro #gdslE AR, o] dynamic programming O.&

¢

O

Om®e ANz EALZ(time complexity)®  ztu  JRAE
duEFoRE Om) 9 W& F3 5 Qi agla d&H
HolelE 7HAYS o olF sAo= AXkler] Hoe v

At (pre—computing) 8 F& § F2dh= WA o] dnbHoln.

LEzx 2o st EWXEH F24 AY(transitive closure

queries)© AA M7FA] F5Folth.

L5 7o) & BAIA A=
2. o" 7idel BE 23/5E hEe 77

3. ¥ 7139 NCA (Nearest Common Ancestor)S 3%+
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E1 2824 A9 AAn=A(0ODP 7t2 218 RDFSuite o A4S o)

Query | Description Time
Q1 Find the range(or domain) of a property 0.0012
Q2 Find the direct subclasses of a class 0.0124
Q3 Find the transitive subclasses of a class 341.98
Q4 Check if a class is a subclass of another class 0.0662
Q5 Find the direct extent of a class(or property) 0.027
Q6 Find the transitive extent of a class(or property) 482.45
Q7 Find if a resource is an instance of a class 0.00174
Q8 Find the resource having a property with a specific values 0.0466
Q9 Find the instances of a class that have a given property 0.1059
Q10 Find the properties of a resource and their values 0.0076
Q11 Find the classes under which a resource is classified 0.0015

olgfgt EdxEER ZF=24 o= AHAT2H(recursion)?]

ez diEel SQL FAS] ogd AN AL AUshA
game, o2 %A SQL ¥How wEAow Taop a
AL Azk EHWelq Aol = Az Axed. w=@ @A

(o3

Jena[5]¢} RDFSuite[4]& 23Hg dnb4 <l 2E224] AFALAES
EWANEHE ZF2A s BEyA a#z @43 wre] i
ojEsta QlojA, t&Fe 2EEAE VMBS W EAAHE
=824 "ol oz Aweol FA  Zstdh.  EE Gene

Ontology A]2=Hlo| A= graph path E|o|Eo] 27|n} 1832 9]

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



EWAER F2AHE " Alste] AZsta o o FIt
Sl A vaEEd o ¥ oy dYe EFE(riple)®d 1
delgelA  f3E EES E£3ste] AAFstmz vigEz e
%3lth H3h gene ontology A =E=A W &AL is_a,
part_of & & 71 A 4 i, FA(relationship)7} HA}
PN
T

=]

A& 38}(specialization) = dd QEZA AFLEL

o 1=

NEHow dolHE EdE FHE AYSmE AT Awsd
BAel sl H B E¢E ke &9 Qite] Wassl Hrk,

e

Adutd o g 2EZA Al FHEZAQ Transitive Closure 2]

712 v Al 7EA S MmO aREE Rl @ A5 S WA Ak F

1. 7 71 golEgs 252X d FH&ste] g =(class)H
£ (property) 5110 AEHAIE dolgw Hiukx AAT F
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S On)e=w Qs

o
o~
o
Wi
)
N
ol

o
)
-
L
N
[-‘E
o,
9
A
o
N
ity

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



2. A= RN ALY EiE 2EEAE 7T Gene

3. wAY el wls) Wy ®EIE A dojus 2EEA

dlof A 3 71 ol ER el A A (incrementa)Ql 7§ A19]

L% 2EZ A9 9 ZM Gene Ontology ° thak AL =3

7o) A oo JEe wametm, Astels 7)ye

lo

2 oM dEdAAel dis] A¥Ea, 3 Aol E o =welA
ARG dHolE R dis] Adrgstal 7ol WY wAldE
A, 4 Foldes B =30 Aes el dis dopith
5 AolM= A¥e S8 a8&Ads AHsta, 6 FolMes A8 2

FF ATE 7=
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2o, AR BAR VEAD A4 Sl faRe 948

5
golE2 ALsy, Bg® F44 UEQAS DB U 3§
E2aRE Aol B89 ¢ Qb A Few Assts b

2lt}. Consortium o] Fojsh= 2H5FES 19 1 39 2o

Member e FlyDase - database for the fruitfly Drosophils melanogas fer

Organizations , Saccharomyees Genome Database (3GD) - database for the budding yeast Saccharompres cerevisise

Mouse Genome Database (MGD) & Gene Expression Database (G¥D) - databases for the mouse Mus muse wus

The Arsbidopsis Information Resource [TAIR) - database for the brassica family plant Arabidopeis thafiags

WormBase - database for the nematode Caenorhsbditis efegans

PomBase - database for the fission veast Schizosaccharomyces pombe

Rat Genome Database (RGLD) - database for the rat Ratfus sorvegicus

DictyBase - informatics resource for the amoeba Diviyosfeliun discoideun

The Pathogen Sequencing Unit - The Wellcome Trust Sanger sttute

Genome Enowledge Base (GKB) at Cold Spring Harbor Labs
EBI : InterPro - SWISE-PROT - ThEMBL groups

The Institute for Genomic Research (TIGR)

Compugen (with its Internet Research Engine)

I3 2 Gene Ontology Consortium e 1%

%1k = FlyBase & %22 3o 2 I3 HA LIAT, dA
I F7F Bel sold AHola, e IFE HE sold do=m
Bl o]g3d DB £ tgd e AVkA WHoR  Gene
Ontology(GO)<} &=Hs shAl Ho).

ALLA
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1) GO terms Z} 419 DB Alo]e] database cross-link &
7= Holl, GO link table & AJ&3kC},

2) GO terms = ©|&3t A& & + J=d ot

3) GO databases ° & terms ¢ golu} AHe] FTo=
213 el 7] gkt

Gene Ontology & £9%(term)& =A Molecular Function,
Biological Process, Cellular Component Al 7}A| & #5F3}ar Qltt.
o] A7IAE Ast7]o] A A 4 Gene Product o tigt Fo&
W35l A, Gene Product &= E2]& <l Fol =33t} A
4 A el E (Protein) =% RNA 59 Aolt}. o £ alpha-
globin, small ribosomal RNA o]t} &3A(complex)E ©]F¢]
Z+-&35}+= gene products = gene product groups ©]2} 3t} gene
product group & gene products ¥%F o}y2}, heme o &2 #
molecules &= X313} Molecular Function & Gene Product 7F
FAAoR zh= TS gt S AA oA AA 2ho]=A
gk FAS glo], Fole & 5 AdeAd g WesS Z2HA ddh
Broad functional term < o2 £ ‘engyme’, ‘transporter’,
‘ligand’ 5°] Y& 4 YL, narrower functional terms = o=

.,

S, ‘adenylate cyclase’ =+ ‘toll receptor ligand &°] S I

At 19 2 += molecular function ] gk AHo]t},
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) molecular function

nucleic acid mndmg/ \‘mym
DNA binding et / \mm

. \/

MCMI Moem2 Mond2
MCM3 Mon3 Mond
CDCS4/MCMY Mondd
COCEMOMS MemS

MCME Moms Momds xusl
COCATMCMT Mem? Momd?
m-dem

DNAIM
lLamin/chromatin mmmcm Meomdd
binding CDXCE/MCMS
MCMS Momds
[ sAccHAROMYCES CDCEIMCMT  Meand?
B prosoPmILA
B Mus

13 3 Molecular Function ¢ dj

Biological Process © A&E3% 2l 548 Sdiv) & sy £
71 o]A4¢] Molecular function ©] =X HE X3E o] o] Fo] Y=
Zolt}k. Broad biological process terms 2.2 ol& &Y ‘cell
growth and maintenance’ 53+ ‘signal transduction’®] $liL
specific terms = o2 £ pyrimidine metabolism’, ‘camp
biosythesis’ &°] %t . Biological Process + Molecular
Function ¥ 9uo= &t Zlo] ofds = d=H,
GO oAM= 1 7l o]’e] ¥ ~Hlo] QloJoknt process =

Stk 2¥ 3 2= DNA

O
o
ol
o
kT
Jfu
4
)
2
O
4]
N
o
(e}
o

metabolism & ¥ 33} biological process & AHE= FA|sH=

o o] e},
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A o s i 2ot e
RNE! Eaed St it
mitechondrial et by
genome Badwi
l
wrbinchandisd \i__
mm I Ligr
\ - IE Ligh
furrsation sral resbetenanos
DA pitryrd el gtiom
prosr iy Fome. @
MEM MO ot
COCTICMT Mew? cocshaass  TINA DNA o]
Owe COCGcY it DeRn
~patigad s oo POL2
B siccmamnMwey  COOTNMGE Bécads L
B oy COCIMOME Monds D6l pal- 4 DPRTY
.H'IB BECHE Eﬁ! PR
CDCETECY

Cellular Component + AX¢ FAYS = Fo=H
3| 584l -Z*(anatomical structure)ol] gt Wro] =7} )
‘rough endoplasmic reticulum’ ®=+¥ ‘nucleus’ 5] Z1710]al gene

product group ¢ & £ ‘ribosome’, ‘proteasome’ T°| =

Zol
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T
=

COCHGMCMS  Mewds

R \,.,m

mgm;: Mewmdl
s a!phl:lﬂapelyw
COCS4MOMS Momd Momdd CDCHE/MCME
MCM6 Mems Momds
delta DNA ymu-e CDCATIMCMT
CDCE/MCMT Man? Momd? m";:m mpu
mmpﬂddmbdmhmﬂu
origin
B saccHAROMYCES DNA replication factor C complex monnlexm
:“;mm ORCZ OR2 On2

a9 5 Cellular Component ¢ dj

Function, Process, Component &< HAA|&o =z H|<=3 Wk
2HEOAGE EAAT DAG £ A4 xSt o e Hu
=5 7Fd 4 9t Aol EAola (multiple inheritance),

st A2l R (child term)S 219 Br 7l (parent term)ol]

rr

o st ol~®l ~(instance)©] A}  (is_a  relationship) &=

AX I E(component)©| T} (part_of relationship). A2 ==+ 3}t

oo BRE Z2um, AR e Rud Y de Fdxd B
2 2 Aol wEAY ey mem e wa g

XML ¥togmE DAG 725 ag#oz ®dsr] A&7 wiq,

Gene Ontology ¥ rdf link 59 RDF model & AF83ta1 It}
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A S Agea gt WL AEU A AFEAlA
25 Agas 4w Axdel wel, AuE 9 AP
e ARECIA7L Adden A & Qb dolEE
J9 fe ouad. gepd AuE g9 AaAE Ao 9
EE ongon gyt As: RES AFEG A @ 5
AEE AEHE  fol(vocabulary)dl tld FEH  gelzh

FasA Hvl, ol % W eERA pen

o
Lo
i
ol
N
Ho
o
>

:

o
2
3
=
rot
of
ol
)
o,
=5
r‘%
o,
i<}
ko
_O‘L
=,
i,
)

T4 JNATEe] #BAE Uid xd 2 ouE FoqE 4 glojof
I Aotk E=AES g3 ddAo] A¥rw, URI(Uniform
Resource Identifier)® XA & AP 25 19 34 A7}
o, A AAC g Ao Bl JRAIZe] AAlEe] dasA "
gy dA19] HTML(Hypertext Markup Language) 7]4HFe] &
A wdE e AERS AFHAA AT ®
ojule] tigt AR AFskA] ek wEba] W3C ol A= XML 2
RDF & 7I¥tew 2E2x %d dojs AAsta vk 28y
W3C ¢ dEoEs EARA AR ZE Ak ek 13

Az g og7] wEol ol 54 &oF stlM(FAH L RE

M
o,
fx
o
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AEE AT HZolle 2E2A9] Jidol

o
=i
:“.ﬂ:'
X

0
EEaO A=g AfolelA FEE FAC] JAARES AlFsto]
AA AR FiAbel FAAEY AT AR ES

7heeles whEol u o=, gA XA oy a e

CE FAo= A= gt}
W3C & 2001 9 ¢ 2&=24 Y9715 (Web-Ontology Working

Group)& T8t F3t B 7= e ddstal ik
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Technical & Other W3C
Society Domain Domains

Semantic Web
Actlvity Other Activities

Other
Working Groups

Other Standard
RDF Core Web Ontology £ Bodies
Working Group Warking Group — e

0% ASs AHer 4 2EEA

xests Y stz vk gEe,  ZEEAE SEA
Eldlo]E (Metadata)= Z4 2424 AZsjop v, ol
E2x7F 9uj2 Ho g A5 84 (inter-operability)S 714 ok
317] wiiolth. DCMI (Dublin Core Metadata Initiative) oA &
HEL dlolEle ®FsE dste], HEY Fo{(Dublin Core)®}
W3C ¢ RDF(Resource Description Framework)E X+0 =
A & 3}l Tk,

¢ o] FFowEE  %7]d  CycL(CYCR Language),

KIF(Knowledge Interchange Format), Ontolingua #+= "3

19
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Aol7} dAFEo ERZAE FIsE o] fo|FA il

719 HTML, XML #o] @A1/de] "ojx dafsisivt. Almy 4=
=

J% nag Aot LE=AE wddn v og 4
Qo)) dolEzte] =elEel WA A4 5o /5 A gom,
ml2q dlo] Juke] ool AEE ol §ate] HolHte #AE F

o,

AR F=3 F8ol ZhsdfoF vk diEAd ATAT  7|§He
3¢ 9oji= OIL(Ontology Inference Layer), DAML(DARPA
Agent Markup Language), SHOE(Simple HTML Ontology
Extensions)9} & <ol W3C oAl 715 <] Notation 3(N3)7} 3l

OIL ¥} DAML <& RDF/RDF 27|v}& 7|dto g AG7F X3 a1
A+ vayd dojol, A 9 gt IST(nformation Society
Technologies)& FTHe=2 A7 Iy Fol dew OIL o gt

ATHAGD dol2 AZESJO] oo]HdEZS] B JhesHAl
AojolAnt, Z7|dE LEEAEZ FIS A e Ao
AT DAML & 2EZXEZ F#
Hdem,  DAML+OIL 24 A7t zd=oe] gom &)
OWL ¢ =A7} H¥x ¢t} SHOE £+ WA= fshs FAHo=
ATV Ha Y A=A, HTML oA SE2ZAE %

Aojololw, Axl WA 1.01 ¢ THx3sTh N3 = RDF 9 =4,

rr

il
9|
ot
-
N
)
olf
&
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OWL 2 wAdl 238 ARS ofEgAelde ol&sto] Abs
Adletaz & o k= dojolth. OWL = ol&3atd <19
o195 TAsk=  Eollterm)d]  ome} §ols kel #WAE
PAHoE FHE 7 gk oo} #ol gojok FojE e dAE

x93 A& 2==ZA(Ontology)et gtk OWL & XML, RDF,

obefle] OWL ©f$j52 wWel AH&S= RDF 27|vkeh #dls
|3 5ot

1) Class

e YT £S5 AYL dof st FRE RopA| =
MAES] (B, group)= 23t} o & E9], Deborah ¢}
Frank © & TF AF#o]Z =2 Person S 20l &3t} S22
subClassOf & &3 543} 7S (specialization—hierarchy) 2.2
Tx3d 4 vk OWL o= Abd Aold Se224 Thing 7}
Nothing ©] $It}. Thing & AT 7= & 7P dutstd Sda=A

21
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2= OWL 229 A9 = 2(superclass)e] i, B+
A (individua) & @2 712}k ¥l 2 Nothing & =5 OWL
ZF 9] 39 FA(subclass)olar, MW E 7FAA] gki=t)

2) rdfs:subClassOf

QJole] Fej2rt the Fezol AU Adshe BES

Z|esto gy S AT TF 3t 4 ) dE E9,
Person & & Mammal 229 SEH=Z AAT 5 Q)
olF vy o g FE7]= oWl JNA7F Person &0 &3, 1

Fa 9 % qlvk

do

AA 7} Mammal 20 % £3the S
3) rdf:Property

S JhA gk AA 2D JfAIeF Hloly gk Abole] BAE

¥ &l 3lt}. hasChild, hasRelative, hasSibling, hasAge &< $4] 9]
R 7] oottt A Al 242 Person S| IAE A 19
HAE B8] 98 AHEE F dom(o]g e HAAS
ObjectProperty 2} t}), mlx| 2t &4 (hasAge) Person
U= A" zet A dolE gk Atel] BAE FdAsH]
AHEEE = dok(el o 22 473 DatatypeProperty 2 g},
owl:ObjectProperty ¢} owl:DatatypeProperty += =+ RDF
e~ rdf:Property ¢ 3¢ @] ~o]t}.

4) rdfs:subPropertyOf

22
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TS VeEgdowH £ AT FERE TFEY T A dE E9o,
hasSibling 4 < hasRelative £49] &40z AAe
2 Al2gE Q1o F JHAI7} hasSibling &2

%«
AAFHo] Qo F JiA AFolol hasRelative #AIE EA]3HS
o}

5) rdfs:domain

&40 Fo)Y9(Domain)< £45 488 U= I A
rdfsidomain o] HHA1 Ak ALFS 7=dth= A WA IS
Alghgtet, gk AA7F oj" £HA48 F& E ko] Al e # E o
AT, 1 A= £ Heolgdow A
d & E9], Mammal 27} hasChild A9 AHojdo =
Al )it "Frank hasChild Anna"ghi= #A Ale] Foj=H,

S
2
i
il
=
>

B
%
o,
_?L'
v}

F27]+= Frank 7} Mammal Z320) &3lth= A2 S 5538 &
O~

Qiet. o714 otk sk sk, Aeld Adle 54 2o

AAske] Sl va) F1%shs glo] ol &4 AAY BHow
Meel7] wFolth, Aok Alake] Welel vhsteli= ol &4 Ao}
4d o85S FrAT

6) rdfs:range

Ao gte= M g = JhAe Hde AR g A7
s

S sbe) AAle BAFO] W, A A

23
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)
[»
=2
b
%
_2_‘
rob
uf
2
(il
il
£

ol F9(range) R AAH =
Mammal 827} hasChild £A41¢] 9o 2 XaFo] a1
"Louise hasChild Deborah"g}= 34 Ado] FolxH, F2

rdfsidomain ¥} "}Z7FAl 2 rdfsirange &= A9 A oF Aot} Aok
Aterel ®floll thstel= ofeff AIAE AllValuesFrom ¢ A9

Aok A}3H(local restriction) S-S ZX% 3k},
7) Individual

MAE SHd2e Axelxoly MAES SAHAS T3 4o dAE
W=t} o E £, Person 29 A2~¥l~2 A Deborah 2}l
Wy WAS YA S hasEmployer £A41S o] 835}

StanfordUniversity 7|1A¢F #AE AT 4 Ao}

2.3 Semantic Web & 7|¥H

dA AY flo] A&stEal Akstal e FE O VES
=8 7|9 (Logic based)® FE3 & 7]WHRule based)? F&o]
A ST Aubd A A FESEE 7|Rke] &
A& AE flo Agsted, o5 ¥ FOL 7|\ F82 v

ZFZ(monotonic reasoning)%t 7Fe3obAY,  true/false  #kEF
oz tFojol tpAY, E= Sh5(learning) 7]%5°] flthe

A 2 g A G Ee] vk w3 & 7Nk FES £
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A7 A FOAR BZe G AYGFE)E o] 2 AR
A, B AzdoA AT Ao Qe Holur w4
gade 48 =8 3 5 Q0E £ § Axde TEHEL

fAe e B A o] Erh vl g

Trust
Proof
Logic

framework =

o [

Rules 43 =
=y 2

Ontology (Zzhy

RDF Schema
RDF M&S

Ur

a9 7 A4y 99 AF 7=

olgHowg I AHow F2 HAES Folo 7led HAA(true

goji= 1 9v|(semantic)’} & AHeolx o] glom
ORFE die 39S EFoule FE OEA 94 Z Aojdn
T8Ok YAk =EolE ol &ste] ARd(fac)=3 A (rule) 2=

Zledu Apdeld S82oke] AAlEel wiste] ojn] =y 3=

25
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e HE

filo

TAEe 3

= T2y

o
ol
i

¢] =2 1¥W(Logic program)°|z} M,

g FE Jlee WFe ok =

r

2 a8 (Logic Programming)©]2} skl 1970 d o] S04 A
wEE ZROY AR AMEE 4 glu dah Hol 1 AnE
S ol ZEZI(Prolog)olth, ZEZIE A =glole
543 FeHed & HHorn clause)S ARESIY Z2IOS

o e | 2 "He resolution o A% Q.

-

_%«
TERISE ARSI F B Aleke]l TraiAal L ouE ozt
gasts o7l Datalog ©lt}. Datalog 7F #HA dlo]Ejuo]
29 9ate] ALEHE A9 OE X E(nterpret) HH2o

Zgeasds 1 FE Aa4E gesn 598w ddelm

>

lo

rr

o] 7153t 3 71 (recursive rule)S AF-&3ho}

OWL Lite

Az} =g Aoe vy go] AoHn}. A, W, 3 o=
M=ol A £ 9+ HHE term olgt . o] term & Alol9
26
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AAE  vElE AL Predicate 2 M term &
el94~(argument)= &t YeEAT Q145 2zt Q= Predicate &
atom ©o]tal gt} o] & atom E& = AAARD and('&), or('|"Y),
not('~")s 2} Universal quantifier('V") <} Existential
quantifier('3)E AF&3te] AZsH L =22 (First Order
Logic Formula)e] Tt} atom ¥ atom © not ©] & =
Literal o2} gtth. not ©] &4 &2 atom FE|9] ZS Positive
Literal ©]2} &}™ not ©] #& Z& Negative Literal o]} 3t
=2 8 7HA dez Garsrl 7bestM, L F Conjunctive
Normal Form & R Literal £¢] and & 2% I E L3},
Conjunctive Normal Form ©] $-2]7} JedglE AAAS ofF-#
FAglo]l TAYPS H9(=] &o]Z Consistent sfrhar & -3
de ol Eieo]l gle AHE 9uighels 1 AY EE
Quantifier & {lofil and F-&olA =

Heto] Jhseirh olgA &kl ©9E H(Clause)olet 3bH 7b
A& Literal 59 ‘or'=% AZEo] gty a2y EE & Ao =
W= 5% Universal quantifier ©f 93] A|gt=o, A3
AL 'and'®E AZE Ao® FHT. 5¥Hs] 1 A kel Positive
Literal o] glAY sturt gle JHHE & A(Horn clause)olzf
22w, Prolog ¢ datalog & EF A}-8-3hit,
A e]5 " (Theorem proving)eldt AE=9] 3= A 7MEgo=
B Aojols AHule] A2 ow HUS v Hoojo ©S Hojule
4& SH((ProonNez HE etk dee] el dig
2

i
(ot
2
o
o

=)

o
N

gol whHoRE kA AR resolution ©] HEo|T.
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resolution & ©]ZH"™ modus ponens &= A Al A HEH 9]

dubzel ez B & k. AAFores AoojE HAH

Folx AE9o Hegy A wEAH O resolution S 5t o] -

—~

AlA el Empty clause, & X<=o] 2A s

o|\

Wy oz Ho)
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o
rJ

AT

3.1 oA A1Eel A4 el Axwd AA AF Azl
2ERAS fAR AZH dolee] AUs ddni, 3.2 oA
Gene Ontology A|2Hlo] A Ao 2 A3 EAAEH ZZ4
Adel Hg A /WS dob BF, mnem 33 oA
EuXEn 224 deje] Ao e Jena Aol A Algas
W2l el 7=

3.1 QWAL AN B AzdAY LFZA

HHol e Bt AF5Hd T ZAZE & oEd 4 e AT

;91?4 T

ZAlo]l ykgolx] Qla, ARAA 1 =

th ol AAAQl S&lA tHEF

oy SH utol7|= ], 2 2 u]o A Gene Ontologyll]&
25 7 wa Qe AES Foket AvtEo] WA ok

eERA doltg Agstn ok WA et

rob

fo X
},

N

=2

=

o

=

ki)

E2A4 HolHE 37

LEZ Ao #I TFoFT RDF/S, OWL So] W3C[2]9
AFEHI o), ofA7A ALAHA &

==2X9 okt 3d HEQl YAl:u|(taxonomy) FLof
=y

2
2y
=

ofo
1 1
B rfo

d

lo

2% dolHE @ At =i

]
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A= FZF B 8] A|7FA] #"HeolE¥ 7|¥HE vl BEAs

As TxolM e ZEaAel B3 a&4] E42 £

o
rt
2,
)
o
o

o))

2]

o

5

O

2
o
-
rﬁ
ol
)
N
ot
ol
=
%2,
o
°

Togse vokd Aeeln £3 EdAEn 224 29s

= 8] 8} += 29 transitive reasoner i EdAEHE

]9 M(transitive reduction)S T3] I EEAHS Foln

EQAERE SEAC dsirs Wiy s e ded BHe

Abgskar it

TAH =

A EWE, Jena A~ElS RDF 18 Zo] g

Fgstd 2E2A BdS {As=d olu FIte]| Reasoner 9

Lo

Reasoner 3]7]*|¢]al 1 <% transitive reasoning °l 3¢

ofsf FFE azE RHEE JEHA "o o] A Jena ¢

b= ol

ol

transitive reasoner ©]t}.

30

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



Ontalogy model ‘

A
Y

[ Jena Graph interface ]

Reasoner J

[ Jena Graph interface ]

Union Graph ‘
| Jena Graph interface I [ Jena Graph interface ] [ Jena Graph,}nlarface I
R —

a8 9 Jena FE A2H” FX

Jena oAM= 22t JAXEH 252X FA7F ¥He gz
E

Fol WA Hm vk oldA sk gow @

31

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



rdf:iype
Rl

rdfs:suﬁlassnf

(iii) direct inferred
relationships

(i) asserted relationships (i} inferred relationships

a¥ 10 Jena °lA<¢] #A (Relationship) 73

32
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add Graph.parformAddy)
g remava Graph. performDelete() i
g s Jena DIG- (o]}
% 8 que OntModel InfGraph .| Adapter
=] Graph.find{}
response 4 " s
base
Graph
o s oo o e o el ol s oo s o e o o oo e o oo e tem o e o oo ) gl s Bendlos . i ber
Process boundary
<responses>
<fresponseg>
5 HTTP
DIG reasoner interface [+
(e.g. Racer 1.7) <ashs> ... </asks>
hosL:port
<tells> .. <ftells>

1% 11 Jena & DIG QEHo| A

Jena o 7|2H oz WYHH FE7|(reasoner)E> OWL-lite <}
OWL-DL Z12Jal OWL-Full ¢] 455 ALT 5 loy v&F
2Z2A 9 dsiAE 99 22 rule-based H

A, Wk Jena 7F

7EA 3L 9l WA F=E7](built-in reasoner) ol = 7]E9] Q¥ AT
FE A 2"”dA AFEo] & ‘Race’tt ‘Fact’, ‘Pellet’ ¢ T2
AN2EES Jena o #oA AT & A Skar, 1
SJEHo] AR AFEE o] DIG o|tt. DIG & HTTP 7]yt
AelFle]2=zA A DL o 7wk F8 A& 93 iFow

A Arel7ba itk

WAe o BPEs} g 2w =e)
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3.2 GO A|&=HloA e EWAAE R 24 A AT

Gene Ontology ¢ 1@ F%ZE DBMS o A#FA3= %

71EAH o2 term ¥ term2term E|o]Eo] 93] FAYH

rr

aL,
relationship &fF %+ is_a, part_of, develops_from ©] 3$It}.
eErA Ao AYE feis 2= el Fa
term2term Ho]&el g A Ho Ul Hu, iR
SQL 7dE5L ol AdstA HstEE dwkxow phk
=9 Y7t HA dot shAIEE, o' WS Fbe] tigh H|-&-o]
&3] AAXEZ=Z Gene Ontology A= Lo xtox Z&
RE EJXEHE &9 ZH2E vy Axbs] (S,
EWAE B Z24), o2 graph path HolEol st A3
7z 53}

FaM == A= 2

Hl
rlr

=
Z = A (reflexive transitive closure)Z& AlXFskt}.
dE So], 18 2 oA EE ‘engyme’ FHAH(gene)E FoTi:=

defoll gabr] AAsiM=

- =~

~~~~~
-
P S

- ~o

- =~

————————————
- - - ~
- =~

~
-
1\

N
‘A

—
~
4

- =~

~
’

- S~

\Ng
\\\\
~
\
N
-
kd

A
kd
’/
4
y
/]
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18 12 Gene Ontology 9149 EWAXElB S A9

‘engyme’ #4F ofy g} ‘helicase’ ¢+ ‘DNA helicase’ & engyme 2
transitive closure ©°] £3lE BE :=E=59 FHA T3 o)
HH(E 7 7). Ontology #3239 %=X=7} n 78t & uj

1
A= Ol EAo] 7ZhsslA|gl, 39 EWXERE ZF2A
g xEE Zk = 0(n®o] ¥ +=d Gene Ontology A]Z=Elo|A=
=1

oy 2 9 GE AFsta e Aolmx ul€%9 Ontology &
g w3 & A olA] Rekal wmebA g&F <l 7ol

a7ET

G*
B subClassOf A
A C subClassOf B
5 G C subClassOf A
B subClassOf A D subClassOf C
c C  |subClassOf| 8| W) |p | subClassOf| B
D D subClassOf C D subClassOf A
E subClassOf D E subClassOf D
E E subClassOf C
E subClassOf B
E subClassOf A

a4 13 EdgE #3dA9 EAXHE 24

3.3 Jena 9olA 9 EAUXE B E24 Ao A
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Oy 2 dA e G E sHozE AAbsiEa o o8
2E22X7}  do]EH| o] ~(persistent triple store)ol] A% o]
SAthal ZH S o AT AT de] /0 & 8 R s
Har ol ARF mEAe Adtz yetdd. TAF o R= G oA
G'E T3t 32 A7 T8 (recursion) FEQ] HJ2A] o= A
T Z(recursive calDell dlEst=d tiFiEe SQL FIEL ol &
AldatA] FetEE oy yHEAQl SQL o ® s dafof g

C subClassOf A ,‘H;
B subClassOf C
D subClassOf B
E subClassOf D Q) G_
Memory C subClassOf N A
B creator kim
B date “12-03"
B subClassOf C
C date “10-12”
B subClassOf D
D name “blar” G
———— — D subClassOf o]
E subClassOf ~ C 2
E subClassOf D

¥ 14 JenadlA e ERXEHE ZFE2X Ho| A w2

1m;‘=

AN 2EEA AR Jena olA=  HoEH] o] 2of A
AAEE FEA At deg EfEIES HEYE HAS)

SpA wlmel A thA] ATHSE WP Agstn gtk oA
we) 2ERA agme] WAL Y

rﬁ

(transitive reduction)<
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[m
£
N
uf
o

lu
fu
X
)
>
K-
i
to
rot
[m
)
sl
il
%)
Sl
i
g
Sl
fu

filo
L)
m}o
5“.9.
=
L)
=
i<}
ko
1k
=
=
)
iuj
l>
%
il
4
o
ol
o

(o= I

G*

a¥ 15 EIXHE S2AGHS EIAEHE IHAG)

H
rot

SERA A PA= REEA]

=

=
O

1o

5 IAR

o
l-i (

=
T

(L

I3+ gItt. Gene Ontology oA+ A is_a 9} part_of,
develops_from & A3t gl=d o
Al &3} (specialization) € oA olgta 3t} W3C 9 #%

Aojel  OWL oA += subClassOf 9}  subPropertyOf =Zqh

LI
_YE

an
Ho

2
=

HU

A

HN

FEDAZE RHEEHEE Gene Ontology 9 Z#2=3F9] part_of
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171 el = OWL 9 Restriction & ©]-&3&oF 3tc},

r
)
(il
=5
r (
ol

= Restriction &2 AA3}al onProperty ©| part_of #AYS
BAISHE WARIE o] EARE VIEel & e EdER 29
Fedd wAZE 4 Jhe EYER RJdWA Ha Aw oy
=29 part_of #AIY st FU=E = AL 4 MY EYES
ZRlshs Aiks WAAIT. @A et skel STt oy e
o" o] EWAYHE SEAE AxletA dud AT ke
EfES o zholEA He o] HER o FEF HAAAS
HES- A 7hol] A 3E 7oA ©vh. 19 5 = A A Gene Ontology

oM is_a ¢ part_of #AL EWUAEH FEA7F EFE

glel A ojwA Ztolx]= A5 BojFa Ut

subClassOf
anonymous
O Restriction
R subClassOf
anonymous
O omeValuesFrom
—_— is_a
—)  part_of :
= develops_from 1s.a part_of
<owi:Class, rdf:about="htto: //www.geneontology.ora/ao#stressHibers™...........cevevennees
+ <rdfs subClassOf :
¢ <owl:Class rdf:about="http://www.geneontology.org/go#part_of_cellular_component'/> :
i.g/rdfs:subClass O :

:<rd S HbCaOrs
<owl:Restriction>
<owl:onProperty rdf:resource="http://www.geneontology.org/go#part-of'/>

<ow:someValuesFrom> :
<owl:Class rdf:about="http://www.geneontology.org/go#actin+cytoskeleton"/> :
</owl:someValuesFrom> :

i </owl:Restriction> :

</ow:Class>

gene ontology file

% 16 Jena oA 9 is_a ¢} part_of A7 W2 vlu
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4. FolEHPE o]&3 EUWXEH ZF=EA A A
71

4.1 A A= 71EY XML oA AREE 3 7148 gloj &+ 7|H&
agzz s s st AWEla 4.2 dAE RS
Ast7] e 2w FRe daEFS AQRsth 4.3 oAM=
LE2X9 WHAS 7HAPS we HRAHQA  ZYXl(incremental

update)ol] i3l 7]< 3t}
4.1 = ik 3+ 719k HolEH [10]

gzt shvel A2 FH¥EWE(connected component)® A ¢
ATk 7HA g

(forest & A= 749 w28 FEZ wt5H 2AdgR)

oluf ol&Ede Axl= v5y . #olE X (start_number,

end_number)

1. a2z Zo]-$A EA(depth-first search) 3FHA]
start_number ¢} end_number & U3+ Fto = sttt}
2. A ==E

2
A2 X9 start_number Tol  Ad 0 FHS

s HAS AHAA agEe FER Eolg W 71A
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(2.2 (66) gy (25 16.6)
{(7,7)} {(7,7)}
B3I 11 15.5) (B 0y (.5
<DFS > <Merge> l
(1,7)} (1,1)}
{(2.5) {(4,4),(6,7)}
b - {(2,5) {(4,4),(6,7)}
{(7,7)} {(7,7)}
R T ) 1834 25 (.50
<Merge> <Merge and Replication>

a" 17 73 7 dolE2% A

4

"

Aoz 3 =g e PEAHIDE 2 wEe
dAck. olu), Fa3 AR Ey
I d(tree edge)ol obd 1# 3= ZFd(graph edge)el tisiA = 3F
A2 wre] golg s FrletA "tk webx Efe gy

AWAQl Y Ze A= FEIE ol TRl =BV Qs ¢ lermR

N
-

go]lEo A start_number

o] ol TZHintervaDE% FFo=E xAH L, A

graph)ellA19]  #eolEFLS Om?e] 2+ gov, dukHel
‘%‘

SEZANME ol A& 7Hgstrl A olYd dolE

(e3

FE AR AT gL o wuE dol¥ Auw mm ¥

=T Atole] A 7hsAd (Reachability)S AA T 4 vk Holal,
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ol A O < EAXEER ZF2A aYPZTE O0h)o=

4.2 A5 T+&x

EMQAE R ZE2AC tF EA kSl e g=E] v

start_number ©| B'-tree <1d2E AT & gyygor S &
=

(1.7
{(2,5) (4,4),(6,7)} Bt-tree index Interval List
for each
0 [ Bo e 6s o enenon | e
) 3,3) (4,4) (5,5) (2,5) (7,7) (6,7) (1,7
B3 550

a3 18 #HolERH dolgd td A x5 F=x
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dE Eol 1 7 oA (1,7e dFstE k=9 RE EWAAEA
a9 Sd=E 37 Sl s o] dolE Y AR AFH =
fAEE SAEtHA (250 EFHE Rl s URI &
zromw wto] Hu} oju] 2]A~EV} start_number & A o] i
271& o83t start_number >= 2 A L=ETHS GASHA
end_number<= 5 ¢l ==& 37| & HA gzEo Wi

SR} &8 4ol).

| Find the roots of each relation |

—is_a
— part_of O @)
—— develops_from | Do labeling each graph of different relation |
O0QO
O O | Materialize |

a9 19 22X oA A i golEH 1Y

L3 Gene Ontology 2] dolA HE 2EZXA oA EUAAEH
DA (transitive relationship)< is_a @A o] %= part_of Y
develops_from & & O Al&3t @ #A=c] =4 & = A=,
2.3 delA A3 nvpe} 3ol ok EE #A7F OWL Z=3of A
subClassOf & % &d 7] #1384 & Restriction & AF&3f|oF &kaL,
ol EfE VWY 2EEA AFLAA ¢ BS EdE 49

Mg 7hd 2t
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mebd dol2we she Ade BN LERA Yo EAeE
A&k e

[e]
7} a
o, is_a wWASF F & HE SR part_of °f

T A% A Bl Wete ARFH BRSO oy A R
T+ A #HE AxB o FE A¥elH AxB 9

A0 =A% (a, b7 FoIHE W, aRb+ (a,b) eRY

<A 2> g ZHAH BA (Reflexive Relation)

ek Aol &= EE A4 xo tiste] x Rx o]H, (x, x)e R o™
A RE 2 E9A B #A g sk

<AH9] 3> EWAEH AA (Transitive Relation)

Ao Al = I x », 7ol tste] BA Rol (x, ) e RolAL
(v, 2e R °1¥ (x, 2) e R Q1 #AE W58t #A RE
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listSubclasses(target)

{
for i = target.start to target.end
find node of |
add to result
return result
t
listSupersubclasses (target)
{
for each node s.t. node.end >=target.end
if node.start <=target.start
add to result
return result
t
getNCA(target 1, target?2)
{
let target1 to have larger postorder number
for each node s.t. node.end >= targetil.end
if node.start <=targetl.start and
node.start <=target2.start
return node
t

HAY B A 9]

al
sAlubE A WEA gida AT S gAw, LERAY

A mad Aale] wws dojd 4 ek o F ol okFut
ODP #A&z19 5% urkehe Bao o8 Hzg LFFEo)

AAE=A F7F 2 = lofof sfaL, oju] 4.1 d9] #elE¥ =

el oAl e e Gadeln  Fenm QA4

K

Uﬂ

e

78 41(incremental update)e] Z Q3. AR start_number =

wEal A% AR o Pat gt F 49d Eeap)g
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dGinsert)?  2tAl(delete)e] A2 uro]  AzZbs] W,

2 A (elete)= E =28 I1F X

o
2

5] &
U= start_number #h= AHEsHH AR 1%l 10 & gap = 10

o o] sl G HelFu Yok

N ,
O \\\Q{(eo 60)}
{(20,20)} 3 '
{(30,30)}{(40,40)}, {(20,20)}

O 130,300 (140,400

'{(15,15)}

a8 20 A2 =7 A 2 o
A AHAE adete Agde od Sz RE S
=5 7 W gHolE Pt d"EtE 1 oske FHAE0
SAEHA @e AR BAsHA "JY. dF o 2% 10 elA
(10,40)9] 39 ZF#xE == 10 HE 40 7t st
AAZE 4 et EA8HA @k AR == D o uidk A
URI & 384l dHolEol A4se] da, o]el A= 34 =HolEl

A Agel g Ageluz A Al WE §9 2oss

4.5 o]84 £4
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451 &3 584

Gene Ontology A|Z~8lx2 RE EWXEHH ZF=2A 17329

e

& wg] AskeiA Ak k= 0m® o] At} Jena 9

A agi=e] thak EWAXEH # 9 A (transitive reduction)S
2EZAE o2 QlF AAHE

kel e wx ¢ A 0o T HFE(space

M
o

~
ok wkde] TRk /1w dlol Y o] g7 S I P
o] dolBur wW whA 4 FF AW ol

g s U7 derma 0()e] "ot

mw N &
o =
[

M

11 oA Jena ¢ 4% DFS & AAXCRE & dE =28

A Har o= Ax Hol ¥ kX9 §7F n olgtal &

o
=
ol
ol
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$99 A2 YW F w9 dolio] oy Tl @ & ot

A Agola, wEbd 3 AR 0D A BXIEE zH
Hr}.
SHAINE BE A9 FHAE Sole Hoe dolEvwk Bau AAE

o= gl Zevh T3 @A Jena & R A9

T oge Aue ugP

2EZXE 71T HE, A= Jena 9 WAS Gene Ontology
[e3]

AOa, 7)1
{(2,5)} {(4,4),(6,7)}
{(7,7)}
(@37 4 DHHG.s»
Jena Our approach
listSubClasses(A) |{IStSU bClasses(A)
{
for each A’s child C L := label(A)
add C to result
listSubClasses(C) fogggcgowttglwgé%éndé
until A has no child in LKk to result

N

¥ 21 EWAEHE 39 SH2E &= &g
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Preprocessing Routine

protected void preProcess()
{
try
{
String className = "com.mysql.jdbc.Driver";

Class.forName(className);

// Create database connection

IDBConnection conn = new DBConnection ( DB_URL, DB_USER,
DB_PASSWD, DB );

Model m = ModelRDB.open(conn, GENE_ONT);

Resource root =
m.getResource("http://www.geneontology.org/go#part_of_biologi
cal_process");

label(m, root);

for (Iterator iter = map.entrySet().iterator(); iter.hasNext(); ) {
Map.Entry entry = (Map.Entry)iter.next();
LinkedList tags = (LinkedList)entry.getValue();
}
} catch (Exception e) {
e.printStackTrace();
System.exit(1);

58

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




Labeling Routine

protected LinkedList label(Model m, Resource root)
{
if (map.containsKey(root.getURI())) { // visited
LinkedList t = (LinkedList)map.get(root.getURI();
t.add(new Interval(-1,-1));
return t;
}
if (hasChild(m, root)) {
LinkedList t1 = new LinkedList();
Interval v = new Interval(+ + p, p);
t1.add(v); map.put(root.getURI(, t1); map2.put(t1, root.getURI();
return t1;
} else {
LinkedList labelSet = new LinkedList();
LinkedList minList = new LinkedList();
Selector s = new SimpleSelector(null);
LinkedList child = null;
for (Stmtlterator i = m.listStatements(s); i.hasNext(); ) {
Statement st = (Statement)i.next();
child = label(m, st.getSubject();
Interval t = (Interval)child.getLast();
if (t.equals(new Interval(-1,-1))) {
child.removeLast();
labelSet.addAll(child);
minList.addAll(child);
}else {
minList.addAll(child);
map2.put(t, root.getURI());

}

Interval u = new Interval(getMinInterval(minList).getStart(), ++ p);
labelSet.add(uw);

map.put(root.getURI(), labelSet);

map2.put(labelSet, root.getURI();

return labelSet;
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Abstract

Ontology 1s a methodology to describe specific concepts and
the relationship between them. Ontology is useful in semantic
web and knowledge representation in that it uses relationship
between concepts to represent some concrete semantics of
specific concept. When we want to get some information from
ontology, we severely have to process transitive relationship
because most of relations between concepts represent
transitivity. Furthermore, it causes recursive calls to process
such transitive closure queries, and the cost is quite heavy.

This paper describes the efficient technique for processing
transitive closure queries in ontology store. To the purpose of it,
we examine some approaches of current system for transitive
closure queries, and propose a technique using graph labeling
scheme. Assuming quite larage ontology, we would show that
this approach give space and time efficiency analytically and

empirically.

Keywords: Ontology, Transitive relationship, Transitive closure,

labeling
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