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Rule-3 :

hasParent(?x1,7x2) A hasBrother(?x2,?x3)—hasUncle(?x1,?x3)
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OWL ontology
-1- Person := Man U Woman
-2~ Parent := Person N hasChild
Child := Person N hasParent
(hasChild)™" = hasParent
-3- Father ‘= Parent N Man Mother := Parent N Woman
-4~ Son = Child N Man Daughter = Child N Woman
-5~ Brother := Sibling N Man Sister = Sibling N Woman
~6- Nephew := Man N (hasUncle 2 1 U hasAunt > 1)
-7~ Relative := ChildUParentU Aunt UNephew U Niece U Uncle U Sibling

=1
=1

SWRL rules
Initial rule base
-8~ hasParent(?x1,?x2) AhasConsort(?x2,7x3)=hasParent(?x1,7x3)
~-9- hasParent{?x1,7x2) AhasSister({?x2,?x3¥>hasAunt(?x1,?x3}
-10- hasParent(?x1.7x2) A hasParent(?x3,7x2) AdifferentFrom(?x1,7x3)
=hasSibling(?x1,?7x3}
-11- hasSibling(?x1,?x2) A hasDaughter(?x2,?x3)=>hasNiece(?x1,7x3)

Rules mirroring the ontology knowledge

MRI1- hasSibling(?x1,?7x2) A Man(?x2)=hasBrother(?x1,?x2}
MR2- hasSibling(?x1,7x2) A Woman(?x2)=>hasSister(?x1.7x2)
MR3- hasParent(?x1,?x2) AMan(?x2)=hasFater(?x1,7x2)

{19 3] Family OWL 2E=2x¢} SWRL Rule

Class Facts after RACER After RACER and Jess
Initial SWRL rule base
1. Person | M1->M10, F1->F10 [20] | M1->MI10,F1->F10 [20]
2. Man M1->M10 {101 | M1->M10 [10]
3. Woman | F1->F10 (10 | F1->F10 [10]
M1,M2,M3,M4,M6,M7,M8,
4. Parent M1,M2.M3.M4.M6.M7.M8 (7] | F3FAFGFIFBFI0  [14]
5. Father | M1,M2,M3.M4.M6,M7.M8 [7} | MIL.M2M3.M4M5M6 M7 M8 [7]
6. Mother F1,F3,F4,F6,F7,F8F10 71
7 Child M2,M3,M4,M5,M6,M9,M10, | M2,M3,M4,M5,M6,M9,M10,
- F2.F3,F5,F6,F9 ] | F2F3.F5,F6.F9 [12]
8. Son M2M3M4M5M6MOMI0  [7] | M2M3M4M3M6MOMI0  [7]
9. Daughter | F2.F3.F5F6,F9 [5] | F2.F3.F5.F6,F9 [5)
10. Sibling M2,M3,M5M6F2,F3,F5,F6 [8]
11. Brother M2,M3, M5 M6 [4]
12. Sister F2,F3,F5F6 [4]
13. Relative | M1->MI0,F2F3F5F6F9  [15] | MI->M10,F1->F10 [20]
Additional mapping rules
14. Uncle M2,M5,M6 [3]
15. Aunt F2,F3.F5,F§ [4]
16. Nephew M3.M5,M6,M9,M10 {51
17. Niece F5,F6,F9 3]
[¥ 1] RACER and Jess Inferences
23 3% =99 %JEMI Ao LEZA
gy zAANIANN LERAE BeYoR
A 2e & le PRt g3 2.
- A9rE Aue 3
- AY2E Aue ZHA}%*J
- AE2E A
_ BX /\334 AF L84
ojHI} 2EZA Y FFHE o4 2EZX U

9 ’z}f‘al?l’ll o}71dlx  ZE¥  CoBrAl4](Context
Broker Architecture)®t SOCANIC{Cu vice-Oriented
Context-Aware Middleware)S ] 1t}

o] T 7tA A#dd ZHYYa BEF 2EEA
ALE3le] 2EZA Y FHA ARTH, AALE
22, A5LEA 58 Zed, AR HAS A
SWRL°] E?E}E]oml"] ol Agaae 7id
AR I FE 75 Ao gz TdFH
% 32H3A ¢ o 2E2X S

7] g &ol X F¥ AMulze dig AFte] Uk

ATt
olg} o] LEZAE FEA A
el e Jady Alxdo] HT
| Sasith ol AEy AHAEY B
A A7 A A HRE Uus 'ilﬁ}‘
A 2, Application-Oriented Approach ©]t}.
7 9414 e el HEAE B

= AlHRS=

i r°1'

oFr O,
(S e

&

©

KR D 2 91 mlm
).

3

_1

A3}
=7)e)

28 of
3 ox

o ==
g

L

L
1A~ E
P
T




Proceedings of KFIS Autumn Conference 2006 Vol. 16, No. 2.

a3l wyoema Xie FHEY, AHYY
(Formality)o] #Z3ttt. o]8i g Hejel 434 v
EdoizEs  AFUY oS40l 9] il
Context-Toolkit{6]°] 1t}

F WAE, Model-Oriented Approacho]t}. o]
ML 2dE 7|HE o]f3lyg 2dd &
o2 ER Model 2= UML Diagram$& ©|-&
wolt}, o]y dU¥HAQ ol ZEF Aol Ry
HozNE FFSAT AFHA A3 oF
AolAde AR HHHo EHZ3u}

olxjuto 2 Ontology-Oriented Approachy 2%
229 AHA FAA4, 4¥83d =Y, I A4
o] ¥, AHS FE 5E BF A Ho A%y
8R4 oEgAlde I HIFslvm B F
At & 9, [19 6]8 22 Upper-Domain®
do P2 AYLEZAE A3 olg I
Zofel o] 2EZX o F&3E "Whgoelt ol
A9 LEZANE B39 4wt3d A3 HRE
¥383n, 39 =AALEZAOA A A%
4 Arg FHIA o =3 o]y
Upper-Domain 2E£2x 2d& E4¢ LEZANE
A FAE F Jdon, FFAA oFgA)A A
Fo] A7+ AGE 5 AE FHo] AthE]

CEGRIE Gy
e T R e

TN e o rr

]_

-

Uppar

Ontology

Treice:. D

baveveswesd

3
! A

/7

Home-Domain Oniology

Office-Domain Onwlogy
Legend: owl-.CIass
[Z2¥ 4] Upper-Domain Ontology Model

-------- L rdissubClassOl  —=owtProperty

(o4
—

A
Al

3. 48 ==E2X

oA o3 Ao ZFddas LEEX
o] &g TR Y HA7RA S A3l =g
JdAaE 98 2E2A+= OWLFH RDFE )43}
o RERXE RHIYA, o8 ofdd 2ERA
£ mdgdago s 2, o) LEEA &
oo Wig FTHe FAE <Ee SWRLANIL A
SHAL o]E LY A% dAFSo AFPH:
Ut} a2 ER B =FdAE 4394 Zgd=a
£ 93 2E=ZAES SWRLE o831 9o A
3 AE2E BHYL I 2EEZAE 2dgsld
olE A3l AlAdo] o]£3ly] % WAL A
et gk

G ABECHEELERRLESEE
fgey Bl He FEE) AaAA B
£ A dart . £ =74 Adx
BdS o go| A W A dyz A
o

- Sensed : AAE E3 A=
- Combined : AN AdrEL

=)

3.

O fo [m ox m
gats

o fm [

AR
Ake] &% HR

[

o

226

- Inferred : 292 & B3 FEE FHEE
- Learned : AHgAe] B3R M3 58 zHE
7] 9% stgE ZAH2E

9} po] AYF HHAEE LEZX RdF
ContextZ# 29 39 ZdH22 EFH 449

EAd we A E AL 5 UERE FA. 9
g B9 [29 5)9AM BXEo| SensedF =S HS
PersonlD, Name, Weight, Height5& 319 Zd=
2 Aol ol23 AY2E HBES AAMER
H gEeE 2$ d39d HIE ¥ 4 o,
Combinedd] #¢ StandWeightZH A2 S 392 A
olste] SWRLTFHA <& A4dd AF=27F MZL
Ad2E7l E § UAEE I3

o8| g AHAE el AHoge AgANA A%
A Mul2E AT AFAH oEYFAAd S
Z d 431 93" P EFES ol &3td AF
g 5 UEE 3t 2E2R 9 EAA FFAI A
AHEAS HUE oj88  UEE §rh

3.2 UED(Upper-Elementary—Domain) Model

SOCAMl A A o3 LEZZA zdql
Upper-Domain2 & 22 & %3 UED Model¥
He LEEXE FASAY. [ 7oA BX
A+9] (Uppser-Level) 2EZ 9 el
(Domain-Leve) B2 A2 UHA He s A
Koz d2EZXE Fdez el

A9l 2EZA9 Context Fd2E contextValue
¢} IDEte AL ZAET IDE ObjectBld 9y &

Hoazx RE AHxES AHE7 FAdAHE ZE
F JdEE AJslgdd. T ContextFH2E

Sensed, Combined, Inferred, Learned®l dl 7} &
P22 Jro] Adre9 ARG BHFIH. o=
oA Ao EFH HH2EY HHE HFFLR
Azt Ag2Ee PRI we SAd 2 A
g #AE FYPL 5 UEE EFIHn 44y £
4& A9sgrt. StandWeight, PersonID, Name,
Weight, Height®} & 7123¢ ZAH2E AHBE
Ad2E9 AAd wa Ztz sHFHaE 743
Hoh

t} & o8 FElementary Fdx9 3¢ ZFx2=
Person, Activity, Component, Location®.2 ¥ #3}
o SOCAMdA] A% Upper-DomaineE82X =
a8 He2 HPozH AH2E] ARE Y
A EF5E = UEESE

DomainZ# 2= [2F BloA 9 Zeo] 319 ZA
9 LERZXE A FAHAE F Uz, oAl
Azl A7t 2T F UEF ST

asPersonlD
hasName,
hasWeight

__________

Damain Class ‘ Data Type Property i - Domain Object Type Property|

[Z29 5] UED Ontology Model




Proceedings of KFIS Autumn Conference 2006 Vol. 16, No. 2.

=

-

UED Model®] 7}# EAL UserFd28 =
el 2EZX FFste YA d2H A9
2E2X 9 Eugl LE2 A Hog ztzhe
AYAE  Z#A(StandWeight, PersonlD, Name,
Weight, Height)®] Object-Typed] $4& ztA H
M olEd £A4L AYMAE ZP2o A2YAE
#oz A "t ol3F T $ALS £i9 Ty
ALEZA oAe AdrE ABE &3 Uz
T Ut =% StandWeightTF iAo Heje} o)
g FolA  olokr1E SWRLHAHL o435y
CombinedZd 92~ E 9} InferredZA @ AEQ] AHE Z

sz Hel¥ 4 Avke ol ok

3.3 SIRL7¥ A9

Aok ZE Hee R2EZANE FAT F
StandWeightZ ) 20| )& SWRLTFH 9 Hel7} 2
L3t StandWeightE; 9] QJ28HAE
SWRL#H ¢l o84 445 Aola.

o]2] 3 SWRLY A 9lE StandWeight® 9+ o} e}
Aw g mule] AN LEZAE FAAslY
Combined®+ InferredZ ¥ A~E2 B {3t A3
o2 A g Hre FHol siEsin o9}
Zol Aoy SWRLTFH G oaiA 434 =g
A3 P A5HA Awask bsein
T St

A4% FHL g3t o

Height(?a) A contextValue(?a,?y) A

PersonID(?x) AhasPersonID(?a,?x) A
StandWeight(?d) A hasPersonID(?d,?x) A
swrlb:subtract(?b,?y,100.0) A swrlb:multiply{?c,?b,0.8)

- contextValue(?d, ?c)

ol &1} 22 EFEFA(StandWeight)9)
&g 87 A2 FHolo
| E2B¥7 = (9 -100) » 08

=
T

K

3.4 Y7 AR

FA, ole g Ala'lg TE3Y] HaiA FH e
& A% (Rule-Based Inferrence Engine)e] ¥ 83}
o2 =EdA AT 2E2x 2dy Ex

st OWL7Iste) 28228 F4sz SWRLE
ojgst] THE FARHUE Aotk ol e

OWL71%e] SWRL2ZEZXE HE37] 93 22
A0 2 Bossam[7]3 Jess[BlE o] &3t w0
=g

Bossam& @S HALFTAATA(ETRDAA A =g
FH7| AW o224 RDF, OWL, SWRLY &
Ez2E FEY Ao Ay
(Shell-Command)®] &3 Java Embedded. Z2 1
g o] 73l

JessES  FE 7
SWRLEH S R2EZX

4

FEJIDozH  OWLH

s FEI} HAdAE
Protege® ZF3adF U OWL-Pluging
SWRLTab& ©]&3l= wyoltt, SWRLTabe
SWEL Editor, SWRL Factory, SWRL Bridge,
SWRL Built-in Bridge® %3¢ Jess®2d377
a5 FEL FAT & Jon o] E3 Java
APIE A¥3lY Java Embedded =2 1#)v)e] 7}
% 3trh[9]

227

4. 22 2 BT

T FEdzg o3l B =Rolx AHF
UEDLE2% E4dL Biomedical WS E3}1
H2E 391 UserZd29 A2w2E AA Y
9 % d#A F BossamS o] &3 F£yI AT

StandWeight®] contextValueZ AAtA o] og A}
ol AAdEE AL HAY 4 Ud. AT
SWRLTab9d ZA$+ #A SWRLAA AL&3dn ¢
= A4 (swrlisubtract, swrlmultiply)s 2% 3
£o] E7t5e Aot

E mRoMe A8 LEZAY 242 FI3}
A1 olF o] &3t9 Biomedical=®WJ Y A& E A
93t SWRLE AH2std olF oj&d FEL F3
4. ol ol83de FF UEDEY 2EZA9
SWRL#3 S o] 43 A58 A&y nEgolE +
A Aot

O

p

I

ita]

il el

Mo

[1] SWRL: A Semantic Web Rule Language
Combining OWL and SWRL
(http://www.w3.0org/Submission/SWRL/)

[2] B.Grosof and MDean, "Semantic Web Rules
with  Ontologies, and their E-Business
Applications,” ISWC2004~Tutorial
(http://sweetrules.projects.semwebcentral.org
/iswc_tutorial.pdf)

[3] C.Golbreich, "Combining Rule and Ontology
Reasoners for the Semantic Web,” Rules and
RuleMarkup Languages for the Semantic Web
(RuleML2004), p.6~22, Nov. 2004.

[4] Harry Chen, Tim Finin, and Anupam Joshi,
"An Ontology for Context-Aware Pervasive
Computing Environments,” Special Issue on
Ontologies for Distributed Systems, Knowledge
Engineering  Review, Vol18,  pp.197-207,
September 2003

[5] T.Gu et al, "An Ontology Based Context
Model in Intelligent Environments,” Proc. of
Communication Networks and Distributed
Systems Modeling and Simulation Conference,
2004

[6] AK.Dey, GD.Abowd, "The Context Toolkit:
Aiding the Development of Context-Aware
Application,” Human Factors in Computing
Systems, pp.434-411, 1999

[7] Bossam Rule/OWL Reasoner
(http://mknows.etri.re.kr/bossam/)

[8] The Rule Engine for the Java Platform

(http://herzberg.ca.sandia.gov/jess/)
M.].O’Connor, H.Knublauch, S.W.Tuy,

B.Grossof, M.Dean, W.E.Grosso, M.A .Musen,

"Supporting Rule System Interoperability on

the Semantic Web with SWRL,” Fourth

International Semantic Web

Conference(ISWC2005), Galway, Ireland, 2005.

(91



