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Abstract

Current context-aware applications In ubiquitous computing environments make the
assumption that the context they are dealing with is correct. However, in reality, both sensed and
interpreted context informations are often uncertain or imperfect. In this paper, we propose a probability
extension model to ontology-based model for representing uncertain contexts and use Bayesian
networks to resolve about uncertainty of context informations. The proposed model can support the
development and operation of various context-aware services, which are required in the ubiquitous
computing environment.
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.M E

FHFE A AT YA & HAE U HFE A
DL olgslo] AR A ot FHR AHIZE B
T e P& AT 287 77 (calm computing) (1],
Holx] o= HF= (invisible computing)(2), AlRIE ZHF
®(disappearing computing) (3] 52| 8ol fHlFElx A
Felo] B Al2A} QlElsle|~ WS & s Fu itk

T X B 712 AFY MY At}
AFENY A3y J5Fgo] opd Ee|Ad ¥4, A%
(context)5& Alzwlo] Q4sta o] 7|uteg ARgAlet
9] 43 FA4-g A3l A% A4 7lee] AU 843
A2 A3 o B3 A QY] AHlze O 4% A

g 5 9 ade B QdEa, FEHHE AA 1€
o] 52 M| 2olA Bloju} ARgAL HE glol® AHEo
2 A3=e ATy AHAE AU, 2 AHAA 5]
A Aglale Mula 58 AP AR Q4 Aplae 9
B, o4, Ad, 7E &% 5 A A Eobl 24 84
4 200} AkE] Al A Be e & Aojrh4,5).

71&e] A3 Q4 Hulx 7gt vle F gkl dig Al
ARl BE 9% LEER) sl AR 2EFY Mulx
AFL AT FE e dF 7= o= FE FYHT
dout MRl 2 3 @ceRy JlEse BEAsA
v 253 A% AEe g FHF FE OF A7e ¥
£33 47o|tH4,5,6,7,8).

B =RdMe 4% ¢4 2dy 2 A4 dag 7
71¢3 LEEA 7P 71E AT did oz E ¢
A2 9% &8 Y 2524 TS HARMNL ARG 2
de Ahgale] #% 2 279 Wgle] wtE A JE do
HE HEoz 2EEAE P e TR =@
A2 (Uncertain Context)s $131 &8 FRE 287
el 28 2 28 & YES oAt VENAE ol
o] 2E2A 2dg I 4AR.

I, 2

[

AT

o] Aelre fHuIFAE2 AFYAAM drHoez 87
€A% Q4 B Vs =99 i, 3% A B4 7
Z A7, BT dolee] &EHQ FEE& AFshe ol
At HES Ao i3l 71&3.

2.1 Mg oA IR

A3 g et Azt AR AR fH)FE 2~
AFE 84 Alele A AT AR e AREAL F49]
Zatolu} el (circumstance) S 2 (object) 5ol & &
HE BAATH4). 4%e] E2A Hele "dAMA(Real
World) el sk 4A(Entity) o) 4e1E 5486l 39
g Argm g 4 glen, oviA AR A, AL
T AREE Mulazte) AE A8 duidtn & 5 U
.

Schilit®t Theimer® 259 ATollA "8 Qlaf"o)d

g Hgoz AgsigEd, 1 dFdMe B A4,
Aol AEES T As olo]HE]E]
(identity), AFgelY AFBES Eshe §#79] Ws 52
2 493H5). Deye A% ARV &3 Ue 84
el ARk AL e, FoE, fX]9 e, A
s} AlZE, Algla AR Boz AFegri(6).

219} o] A e A48 Fefol Azt Aozt glo
u dukHel Ag AR AR AR EeE 3 A4,
AFE Alagl 33, ARSAARE A4S A8 oY, /e
qRog EFY 4 don AERS #A Al wet A
AP AR Fe Nuag AT H ARE ol8ske
AL 28914 (Context-Awareness)°l2t FtH4,7).

4% mdge A% Aud F g2 559 44 I
d& A3 A8 Basiy Mg dFoo)E (actuator)
9| FAHE AFGozN, AL} chgRt st=dlo] A
s} gjHlo|xdke S 2Y F ok ol 43 =Y
g 7Pe 7t A2Elee] 43 AR e A8 AMH
€ dlole] F3o @F 27|ulo] o3 thee Wl JRIR &
F9rH4.5.6,7). 71-#(Key-Value) 59, wtA 27]0}
(Markup Scheme) 2493, A4 A& 2dg 71y, 2EEA
719 2l So| gtk REEX] 7§t vl 2824
 Ads AR FAE JlEshe =7 A% JEE By
tm ZHE) A3 o3 R GolE AT 3% FHe
ooy 2ol 53 =dleld 2EEA(domain specific
ontology) & Aejsta Ut} o} mde fu|FHE 2 HFH
230N 33 49} Fhe AAES A8, B AS
A A% 22722 2doME A9 ASe 2EEAE °%
sto] moele] 2 319 Alde 2ERAE A @ F
et
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22 At 214l Mu|A 0| & 0f

A A4 n fEE dTe A 12 nEdele
gl & o] &3 MH|A &, §802 EFF 47} St

33 12 e~ oiggolst AHE ATeAe A
4] & Al Pag FF Vs 58 Hddd Eals
oEe] FHZE MLANA AFshe wjle] AFH1 e
H, dAlAe S8 BAE 7150t AT + UARS
a3, AMSRAIE dutske $8 AHl2E AlFdtt

o] HoMe LEZA 7|ute] 33 Q4] ulEgold] &
He diFAQ) A7) da) s.oksic).

CoBrA(Context Broker Architecture)(7)& #H|3
E|& BN A% FB9) A4, #e], WiZE A% o7l
HAZ I EAlste ZE ARY AAES AT 2%
T 2dg A2 broker agent /WEE BEE dn
Att. Policy language® 3 AMSAF 2 71719) 43 3
Holl g HT BelE AFsH 4EE RDFS OWL(9)
& 7R LEIXE FAdl A4 FH 2 VR
F8o| sbest=® A Stk SOCAM(Service
Oriented Context-aware Middleware)(10} fH|HE
2 A6 AT HolXe TRt A3 43923 g
of g Fel 2 mHlYd M) Aol ME|A A
& 93 FEden OWL 7wl LEZAE Al
o7t ek By chet Fele] ARl g 22, A
A FH, AFe £F9 43 9247 g9ud BAE oR
I e} Gaja(llle &8 T A RE da F&
& M e, g Ag 9 =8 29 74 &
& o] ZHA go5n, MZ 2 fHFEHL AFE
R8T ofe} o|F do|AEZ AlMEF 45 &84
£ B35 9181 DAML+OILE 71¢9 LE2ZAE A4
g}t Gaia®] RE o] Ex= CORBA 84 floA 2%
o, o|& 93] CORBAS] T}t viE4o] Mu| 28 &85}
31 gk Eke] DyCAMeMEe fRFHE A S04 A
H|2o] o]BAS fFHoT xUsl] Al 3 Hro
A B 2 A2zte) 43 e A Mulx Y 2
ZF, AHl2 0)549E Adskes Bl 2 t)EgolE AR
om OSGi ZdYHAANA FEF224 UPnP, Jinis

& AHF )2 g o] & U=E FoH(12)(13).

q8 9 & AMH|AE MicroSofte] Easy Living,
AwareHome, Musexs @A 4% ¢4 Avl2e] digt ot
¥ A7 JgH T Yot ARl B ARRE wkd
T AR LA M|~ 2 dld § BEsln ©

=3 3% dloEe] Meldl dg d77t 53 23 old8).

23 Ho|x|et HESA

HolZ et HEH I AFA RPN &3 B4
2 BHske YeE ol AMEEHD e FE 7N 2
< Ak W F shiolth. ojad E4oz wo|xgt
HES I EFAT 48dA BAH F2E o8& it
AR £ 295 Uz dvH14). 1 4 Folge &
E718t HAETt Al2d, ookRotollx R, o] ofa] Fof,
HlA Fol, Fel2H A4Fe] AATH15).

Hlolx]¢t WIESA= DAG(directed acyclic graph,
DAG)ZA, YEaE F4stke 2 v 8¥sE
Bhdoh. 7t et oee] AEE VM 4 glen, # x5
€ 98 A9 £45 7H & A3 Z el A & @
o] & 10 Bt} k=9 keF dFshe olF(arc)E ¥
BoM Aoz AAFAE el W4 84 2
A3A= EHDE Estn 54 2ol SA7L Fo
A ALY 88 & 2R ZE  dolE(conditional
probability table)< 7}X| 2 wle] x|t 73] (Baye's rule) &
o3 ZTE FE} Mot YESAA FE3Hhe
AL duty o g #AZ 7le3 w=9] FA(evidence) 7} A
d Ao 229 diie] e =9 A7 =T (Query
node)9] Zt Felol W@ FEE At AE vt

Xe] B2 (AF9)) 225 parent(X) 2, A (3H]) =%
< children(X) 8} 39, 7z RE x=9 37] 8§ ge
P(Parent Node)®, A wcto| #EL ZUE &89
P(Child/Parent) 2 YEFE 4 itk

T3 1. Zickst wolxie WERT o of
Fig 1. Bayesian Network Structure

ad 190 VB 2135 SYolgkn 7Hgsia A
AFAE o] 43lW, WIESAE T3 2 wlof Oid 2
¥ #&(oint probabilistic) P(z;,%%ZyT5) S 4 2
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Pt )P 5
5y )

P(x jx )=

Px,,x0,%3,%4,%5)=

Ca X )= ﬁlP(x JParent(x )

T3, Holx|gt MEY M 8L 4 40 g5 o]F
oJRm A 2E(exact inference) ¥ 2A} =E(approximate
inference) ®he] gtk

P(XJX;')OC kszP(X i,Xj,Xk) """""""""" (4l4)

AN Xe #38 AFEd JEE duE, X =
27 e e AR B5Ee J9E, X' ¥
UE A MFES Yuigt

n. &= &% 22X 2

LERAE /W %S mddozH HE FE
2 #E 24 A ZA, Z1AA el dE8d AR A
A, 844 2 JEFE THe] Sl Tkt &8 Aula
e Halde 4& & AUk TEy A A3y A
2HA Algse 23 2 & 7 28 fiES 23
a3 B4R vlolE g MalE A gong B
3 4 dolelo] t e B FES 8 712 RE
27 Rdg g 8§48 &7 2224 2dg AR
TS AR 2224 BdS Aoz T 49 A
o] FE LEBXAE A&l BEA mhqlel AR
(domain-specific) 3t9} Al1E9] 2LE2AE 448 & 5 o
€ AF A% 282X e WHE A

31 BE=ER| 7|4t o8 2

e 54 Al ANZRE $38 de 450
93 g9e) TyseAol By Agsne Asde 4

AZHE Be 99 UolH e B AL BOY 4
e WEE Sk ek 4 5 o] £RAN Adsks 1)
gololo] 9asle) gl ASERE BPAL (1)o AL
Lo 45 UYL TUP Aol

2 Aol 4,(¢) & B3 Azt 4 %E v A
olth, F% &AL AL FEsheH AHEHAR £ Qe
[AEE Jleshed AMEY A% £4& M B B
2AQ AMED A= o

LEEZA+ Md{concept)# BA (relation) 52 TR
AHoEAN B =Hild #Ed AMES ASY 7x2
3t F7HHeR o8 4% 4 Sl FE FAL ¥
e} PFHS BHAAE ZE ST A &4
¢ 54 H9 =0 ¢ Alzes EHo} stx,
oHIE A Wt &4 ZES W3l el g8
R 2EBAE AME] fHlFE A e RE A
HEE AFHe2 74, Besior 3o

527 719 4% 2de RDF tripled]3# OWL
2 e, 38 13&ol=a (first-order predicate
calculus)® EHEC 7|2 mde) 4% ¥H e dex 2
& yHoz g@PT)

Predicate (subject,value)
subjectES*:set of subject names
Predicate € V" : set of predicate names

value€ O : set of all values of subject € §°

subject+= person®t}, room £ device £ object5o)
g 4 3l3, Predicate(or Property)¥ location in¥ has
status, valuet living room, open, numeric values°] ¥ ¢
gt d€ E9, Location(Jung, bathroom)€ Junge
bathroomel {13 Temperature(bedroom, 24)-2 bedroom®)
%7} 24°C, Status(door, open)-2 door “ZE17} openo]ch.

O 28 o] RN HAR AFH 4 2EEXE
8 Aolrt. vEsiodelr BRjHe 4% FRe A9
AZS 3% 48 2EEX 4% FEs mAdE B4
2 48 LEEAE A43le HEE FHosE 3 =d
Qg AR FAEY, A3 4 o) £42 ¢ 2B
A ol OWLE 2EZAE o3}t Hu]27} u]Egol
o MEA wixEE Foe vEdols 718 = A
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B AEE gguel M|zl U R Sk ANE R 3
BE sl 288 ¢ ojol gtk

TEE 49 A% PRE A Q4] $8ox "aeg
£ 712 848 A9 Y29 Context FAHAM &
wrol  AYPAA(RunEntity), $X(Location), AR
(Person), A¥iA(Service), 3¢ (Activity) S22 3
ofsln Tl 4% FRE Y Fulae FRE ST
oA AdAght,

Common Ontology

H
i

O3 2 . AB o REEX T
Fig 2 . Hierarchical Context Ontology Structure

Z} A% Zd2e T 43S ) A%t &
e ZTFY & glon, o] 42 dE ZF e A
(relation) & Yepd "= AHEHT. O 43S Z29E R
EIHE F5 Utk dE EolA, F VESA && 2EEA
A Location Ee2-27 ¥ FEEE indoorSpace] Room
4337} RunEntity?] 8t E#12% Device Fi225E 4
&2 Temperature “33°] Y& 75 Temperature 332
Room “33e] T2HE|R o] 8F 4 i}

T OWLE BEF 49 48 2829 gF-Eolh

{owl:Ontology rdf:about="")

{rdfs:comment)CommonOntology</rdfs: comment)

{/owl:Ontology?

{owl:Class rdf:ID="#Context”)
(rdfs:label)Context{/rdfs:1abel)
{rdfs:subClassOf rdf:resouce=

"http://www.w3.0rg/2002/07/owl#Thing”/>

(/owl:Class)

{owl:Class rdf:ID="RunEntity”)

(rdfs:1abel)RunEntity{/rdfs:1abel)

(rdfs:subClassOf rdf:resource="#Context’/>

{/owl:Class)

{owl:Class rdf:ID="Location”)
(rdfs:label)Location{/rdfs:label)
(rdfs:subClassOf rdf:resource="#Context’/)

{/owl:Class)

{owl:Class rdf:1ID="Person”)
{rdfs:label)Person{/rdfs:1abel)
{rdfs:subClassOf rdf:resource="#Context’/)

{/owl:Class)

{owl:Class rdf:ID="Activity”)
(rdfs:label)Activity(/rdfs:label)
(rdfs:subClassOf rdf:resource="#Context’/)

{/owl:Class)

{owl:Class rdf:ID="Device"
(rdfs:label)Device{/rdfs:label)
{rdfs:subClassOf rdf:resource="#RunEntity’/>

{/owl:Class)

{/rdf:RDF)

32 &E &% 2E=2% 22

OWLE &8 ZE9 XYL AYaA &7] i =5
g 3% JEE B} FEW] A LERAE TG
£ E920 Za9E oPe ol 83l oL YES
3§ AR, LEEA VW BddAM &8 FEE e
g g e Sz T29EE Hosl 4% 24 &
Bt

3.2.1 &E &y 2Y

LEZA 7 A% BEddA 7+ Sejxe Z2yE b
9] AF#A (casual realtionship) & 7]¥ke 2 HEYESY
A(sub-network)E FAFTE. ol FYx9 Tz
Atolg] Q1A AlE  dependOn &40z Uehle Zd~
E2 &S Uspie £47 a2y d9EQd dolgE o
e $48R FEE + den 2EEXY &4 g
ojEd A wek AEH EYNaE F4E &+ g
A MEHIZE J99 824 Fd) 49 dde 4
g Wiztel oL uigle g QAT £ e di9le) 9
& #@'d(dependent level) 2 TAHT}

a9 38 2EEA RddA Holx|¢t YEHA TS
Ag Fex Alole] 2l& BAE B3l FAT 2709 Hu
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HEYZY 7L B F3 3tk

2 X9 Z23jE] Fo U2 g9 Z2HEET
o] 2l&4¢ vehllv dependOn ZEHE} a2 Y9
z2dE F o= it ol Eﬁmﬂ AEX

gl 9
+ 22 vel Z2siEsle) ES ANe] 8 o

Aol gled wEE FHAA Y, BEol EANY T =
EHEE w2 3 olaE dZdh ASsM dE 2
2o ZEwE FHFS o83l Holxiet VEHIE
248 Ui,
Dependency Probabmg
W{X) X X3
P
¥ s

S N
{ [ Probabiuty: i
P(‘?(X}::’nv“) I +

Prabability :

P ety = ¥

P(X) Py (Y)
PY | X)
13 3. Hjolxiet WERZ 74 © Z2uE| 2EMo) 7|ukst

MEHERIZ
Fig 3. Sub Network based on property’s dependency

o7]9lA,

attributes

X set of values {x ,x5,x3...% .}

attributes

Yiset of values {y,, ¥3, ¥3...9 4
probabilities ©  P(X)= P(Y|X)
depend property : W(X)=yes. X7t 94EH 4 A

¥(X)=mno. X’} 4EH0| old o

¥ x=P(¥(X) = yes)

depend value :

X w(X)7t Fo1ae | Yo 207 882 4 63
2t

P(YIX,%(X)) ={P( VX);w(X) =n3;es (4 6)

Po(Y);‘V(X)z
P(e Y4 AR

71004, g& ¥E(prior

probability distribution)o]t}.

HlolA|t 225 % HE Py 4] 7o o3 Ae

qﬂ"“k‘ n< Xﬁ}(——] 7]]—,—0]@ Y_,] g. o é] 8-"]’ Qo]
Yepd 4 ok
P(Y)— ;(P(Y]X) (mew,» KX+ (1~w )

3.2.2 &8 &3 olag duE
Fose) ZEAYE Alle] B8 F54E Bl
9% ol JUEE Thed 2ol Folet,

X 1. €8 &% 0j3¢] Yt
Table 1. Probabilistic Annotation Markup elements

Class name Type Description

hasPVariable | Object Property | AR & 21 ZH= rEHE

Priorfrod hasPValue | Vaue Property |AIH &8 2t

hasCVariable | Object Property | X745 EEZS 2H= -CHE
hasCond |QObject Property | 248 &88 Jfxis 52
rc=o I:Hag

hasCValue | Vaue Property | #:2'r £2| T8 &E gt

Priorfrob dependOn | Object Property | CIE property2l2| of&=M 738

Class? Predicateti| 218 a2

Al Jprob(nTriple} | Vaue Property B8l

PriorProb & FEE 7K1 gl F2z Zay
El9} A A (restriction) & 7ML A= Al S99
28} fAkE 88 ARE XHeA e 3AHen F
H & 7 Za2AEe §E FHE /XL e =
29El2 PAEY. hasPVariablex #& AHEE 7IRn
de Z2HElZ wolAQt VIELINA FE k=d Uiy
Sle Z29E] hasPValueg AHE3l & £X #& A
3@}, CondProbe 214 HEHRE /A1 e &
22 hasCVariable2 #HlojA{¢t WEHIANAN F &
Aesd] tigEn 213 #F w=9 g T2
hasCValueZ AHEslo] $2 ==E3e] 2743 8& o=
A& EAPTh Prob(Predicate(subjext,value))e 2 2
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9 class®| predicatec] #& e E¥stm ZE 2 0
 1410]e] g2 7Rxm of AHaPY R (sensed contexts.
defined contexts, derived contexts)ol= H82 4= 9o}
Prob(Status(Jung,Showering)) =0.9& Junge] @A Akletn
UZ &80l 0.98} A& 9n@d.

LEZAYle] RDF triples ¥ele] &g Z2Hg
AB.C7t 31§ W APd & (prior probabiltiy) P(A)E
S~ PriorProbd] A28AZ FHoHn zAX #$EL
P(A|B,C.D)e Zul2£CondProbdl AxEIAZ Aoj®r}
P(A)=0.89] &&34 rlay< A3 OWL 3L tg
2},

(inha:PriorProb rdf:ID="A")

(inha hasPVariable){rdf: value)A{/rdf:value)

{(/inha:hasPVariable)

{inha:hasPValue)0.8({/inha hasPValue)

{/inha:PriorProb)

P(A|B.C.D)=0.69 &&% rlage AMF OWL &
de o& 2o

{inha:CondProb rdf:ID="A|BCD")
{inha:hasCond ){rdf:value)B{/rdf: value)
{/inha‘hasCond)
{inha:hasCond){rdf:value)C{/rdf: value)
{/inha:hasCond)

{inha hasCond){rdf: value)D{/rdf:value)
{/inha:hasCond)

(inha:hasCVariable){rdf: value)A{/rdf:value)
{/inha:hasCVariable)
{inha'hasCValue)0.6{/inha:hasCValue)
{/inha:CondProb)

dependOne F&4 BEE vlaydsiy 454 4%
AHe Fa3 B0z 3 A4 2 dolg vgln Ay
e AAoge] E&dE e F54o Ushin 2
3 8l tiFd 2L 8] e wolN ¢ Ega
o] B3 Al ARSEh

33 Hlo[x|et HEQ TR XX st
38 FRE o|§3l ol WESAE T2 WP
S ¥ A9 A= & 48 oHE Aol A FAE Y
%22 slo] HEsEs 12l WE e te 2o
23  LEIXE EF¥s RDF agEe

rdfs:dependOn ZZHEIE o]£-3lc] wlo]x|ot YIEH A
DAGZ ¥ 8o} Zg29 Zauele vlojx|gt YESA
9] xE(node)E WPH1 t}2 Fejxro] T2HE]9) o=
do] EAte =& Alojo] Wy ol=v) aejRin)
HolA| ¢t IEHAE FAT &, 98 k=9 274 &
E(conditional probability)& 7] $i3le] A dlojg]
2 gt dlolAieh MERAr) 99 S AYiE
o} ojflES} HE2E ZUA #E8& FEsh=tl A3}
CPT{conditional probability table)& o}-&3le] jo]|xIQt ]
Ef|F9] #E¥ ¥ (probability distribution)E A4k
diole e o2 BE FE Lo 383 24
=B 234 HE523 dE F o] Ui dYiE o
HES] &8 2¥8 d& & 3o} o2 5L dxs9
FAYE A8 A& LE2Ad A 25F YHAE
Asied M)z spEAe w2 HoE  E(pre-defined
rules)oll &8l Ez2|A (triggered)sE 4L HAs)ot @
o £& AYAde] APy 25 A% RS FTgE)
olg] 1% 4% EMYl LESA B A4 4 2E=X
& Aeojsta vlelAgt viEN 22 M-S HolFm ot

0
h=

[ S/

&.9 <
22
g8 g
< o @
EO

o

a

08 4. ROF Zef=e] slo|X|ot LED|T et
Fig 4. Translate RDF graph to Bayesian Network
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)
&

£ 28 4% 724 A4S EHE 4 Qo
§24) 2Ye 35 28249 woldld] 4o %E 28
2A2 7450 B0Q) LERAE A4 4% LEaX9
Zeofy Aole) 234 88 €24 BANE 48 2Y
2 749,

AJ-;O] Q0

o

Iv. A8 FE2
AR B8 87 2824 2ddr = e 43
FBE FE3= wHem 2E2x  FE(ontology
reasoning), 3714 F&(rule-based reasoning), Hl°]
¢t F25 Y3}

41 2ERX| FE

23] g F2& 124 g0 =g 7ule] #3 79 F

S 3o 2224 gAY(reasoner)t T3 7]t g
+ Jena APIZ 7[¥o2 TP} 2E2A FEL TV
A &E2A7F A (switching) AU SHE o) W2 4
3 FHx0) 4B 38 70 F2E BASE Fohle
o AMgEr},

2582 FEE RDFS F&7 OWL 8% Ty
Thr2 2824 F89 FRE UEM Aol

2. 2EEX FE 73
Table 2 . Ontology inference rules

Constructs Ontology inference rules

(?A rdfs:subQlassOf 7B), (7B ?rdfsisubClassOf 70)

rdifs:subClassOf = (?A rdfs:subClassOf 7C)

(7P rdff:type owl:TransitiveProperty), (?A 7P 7B),

o Trarsithefrcpaty (7B 7P 20) = (?A 7P 70)
(?A rdfs:subPropertyOf 7B) A
rdfs:subPropertyOf (7B rdfs:subPropertyOf ?7C)

= (?A rdfs:subPropertyCf 7C)

(?A owl:disjointWith 7B) A (72X rdf:type ?C) A

OWH:disiointWith | oy | :type 7D) = (7X owl:differentFrom 7Y)

owliinverseOf | (?A owhinverseOr 7B) A PA X 7Y) = (7Y 1B 72X

%ok WAl ‘Jungoleke A7} BathRoomell slcke 4
% R8s} B8 2524 TransivieProperty T3& o]
£ 33 22¢ 5314 BathRoom®] indoorSpaced] 28
9¢ §392A Jungol Aokl sk A% 2 % Qe

olele] OWL E&L Z2HE JocationIn® o] TEHE|S
VEepdc
{owl:ObjectProperty rdf:ID="locateln”)
{rdf:type rdf:resource=
"http://www.w3c.org/2002/07/owl#TransitivePro
perty”)
(rdfs:range rdf:resource="#Location”/)
{/owl:ObjectProperty)
{inha:Room rdf:ID="BathRoom")
{inha:locateln rdf:resource="#indoorSpace’/)
{/inha:Room)

42 & Tl FE

AHERE gel Tt A 28 £k Aold (forward
chaining)d& ARESP vhedt Ze AR Ao} T3
A(rule-set)ell 23l AMER} #HAZolale AL 22
g Qo

B 3. ASA Heol =8 7
Table 3. User defined Inference rules

Context User defined Inference Rules

(?p locatedin Bedroom), (Bedroom lightLevel LOW),
(Bedroom noiselLevel LOW)
= (7p status Sleeping)

Sleeping

(?p locatedin Bathroom), (Bathroom lightLevel HIGH),
(Bathroom noiseLevel High), (WaterHester status ON),
(Bathroom DoorStatusi CLOSED)
= (?p status Showering)

Showering

(?p locatedin Bathroom), (Bathroom lightLevel HIGH),
(Bathroom noiseLevel NORMAL)
={(7p status WashingFace)

WashingFace

(?p locatedIn LivingRoom), (TV status ON})

WatchingTV =3 (?p status WatchingTV)

43 EE J|¢t £

AxExel Z2oEld] tia] Fefsr] Aol =#d Wl
A% LEEAY BE Y 2dd ugdhs sht ol
HlolAet Y EHAE st vloAt PAde EE =
zo| FES FEI LEEXY Axdxe] ZRIES
A 3. 29 49 4 LE2AE B ARl ¥
A dd BE 9L BAe] AA g Jehlle AMAle] §
2|, WaterHeater] &2t &%, BathRoom®] %%, BathRoom
7ol el i@ FA (evidence) & & 7 282 S8



AoMe 4% Q4E 93 8F 47 LEEA

T ZRAEY &S AHstn 2EEAE B3 HolA¢
VEAE AL ZE xud o) BES FE T F
7 wro] 224 #F @S J2"Hx ZIHE) A W
g3},

B8 2L 3 =ridl 2E2XE a7 49 74 o)
Person< "jung’]™, Person® ZZWE]E name, status,
locatedIn @2 PA3}3L, Location “indoorSpace”2] Wjol]
"BedRoomy’, “LivingRoom’, “BathRoom 2.2 7A¥C}. Device
£ "TV', "WaterHeater”, "Light 5% 71X}, tjujo]~ & &
7 B BE AM3h= AMeRle] 852 “Showering”, “Sleeping”,
"WatchingTV’, "WashingFace™5°] slch.

I3 5& AHA7E BathRoom$tell 08w, WaterHeater,
light, door, noiseLevel 53} 2 87d9] 448 AHE /X1
Al ALgAtel deol digt & Al AeAle] %S
FESE A& HoFa it

H
iCvalue

WaterHeat

!
iCvalue o
el S

———— Property C

C o idividual

CValue : Contditional Prebability

Legend :

PValue : Prior

T8 5. BE FE 1
Fig ©. Probabilistic inference Process
AREA7} BathRoom@tell 2413 ] doorStatus?} Closed
o] Qlo} &8 gke 1.022 AR, noiseLevel Higholl
3 EE g2 0.92 =Yl Showerings] F2¢ &5
WashingFace®] & Hr} smob AMgriel Al izt
Showeringelghs A& & 4 Ut

V.88

€ =2dME fHFHE 2 AFY 704 2Espu
ST AR A dejd FEE Ak BE #F
AZH LA 7| B mde Arsigien &
& 7% FEE Fol AAG Bdo] KEAS 4TI
AR QY 2l 2o Fe YRE Bt FEIH
sl 3 Fexe] Z2dE] AEYE ol gl oAt

HEYIE FA8lT, 71E 2EEA ZddA &8 JRE
Uepd ¢ IEE AAlEged 28 FRS Vel £ 9
EE FYxe Z2HEIS Fosle] 4% mds I 4A
s,

£, LE2A 7| A% 2o ZE A9 LEZAS
Agtol S8 AYG 9 LERAE APT § don
54 A% Wl el fAslA Q4stn WA 5 Aok

o] ERA AXNG FE T 2B Bde T UE
A3, e ema GO A # 9 oieRt fHIFE A
Aol BA g Q2 nlEso] A Ao Ay =
42 448 ¢ & Aoz 5tk

T AT w2 BRA A% AH2E US g¥ze
2 37] 93l HA=2Y APV EHZTH B2 o2 Uy
o) ol T Atolt),

mt
re

=}

(1) M. Weiser and J. S. Brown, The Coming Age
of Calm Technology, In P. J. Denning & R.
M. Metcalfe (Eds.), Beyond Calculation: The
Next Fifty Years of Computing, pp. 75-85,
1998.

(2) A. D. Norman, The Invisible Computer: Why
Good Products Can Fail, The
Computer Is So Complex, and Information

Are the MIT Press,

Personal
Appliances Solution,
1998.

(3) J. Wejchert, "The Disappearing Computer, Information
Docurrent, IST Call for proposals, European
Cormission, Future and Emerging Technologies, 2000.

[4) Dey, AK., et al. © A conceptual Framework

Rapid

Prototyping of Context-Aware Applications”

and a Toolkit for Supporting the

anchor article of a special issue on
Context-Aware Computing, Human-Computer
Interaction (HCI) Journal, Vol. 16, 2001

(5) B. N. Schilit, N. Adams, and R. Want,
“Context-aware computing applications,”

of the Workshop on Mobile

Computing System and Applications, pp.

85-90, 19%4.

Proceedings



248 BE AFEEREE HLE(2006. 7))

(6] A. K. Dey. "Supporting the Construction of
Context-Aware Applications,” Dagstuhl
seminar on Ubiguitous Computing, 2001.

(7) Chen, Harry, Tim Finin, and Anupam Joshi.
“An Intelligent Broker for Context-Aware
Systems.” Adjunct Proceedings of Ubicomp
2003, Seattle, Washington, USA, October
12-15, 2003.

(8] B. A Truong, Y. K Lee, S. Y. Lee, "Modeling and
Reasoning about Uncertainty in Context-Aware
Systemns”, ICEBE, pp.102-109, 2005.

{9) OWL : http://www.w3.org/2004/OWL/

{10) Tao Gu, Hung KP, Da QZ, “A Service-oriented
middleware for building context-aware services’,
Journal. of Network and Computer Applications,
Vol.28, 2005

(11) M. Roman, C. K. Hess, R. Cerqueira, A. Ranganathan,
R. H. Campbell, and K. Nahrstedt. “Gaia:. A
Middleware Infrastructure to Enable Active Spaces’,
In IEEE Pervasive Computing, pp. 74-83, Oct-Dec
2002,

(12) ol&2, A9, "AEA 4% 2524 BE ol&%
38 12 AM|A wESle] A, IFAFEAHEY
3} g3)x), #1148 A1Z, p186-193. 2006.

(13) ]2, s A AFE AE A3 28R 7]
ub 33 <] AMulx mlEgel, dsiietm WpALEH)
=%, 2006.

(14) F. V. Jenesn, "Introduction to Bayesian Networks’,
New York: Springer Verlag, 1996

(15) Eugene Charniak, “Bayesian Networks without
tears”, American Association for Artificial
Intelligence, pp 50-63, 1991.

19964 28 A gAietm
BAANB
20014 24 Aslhstm AAANT
SERCLEN
20044 2¢ Usiga
AsegRgs)
()
Qlofe] Qlalu g
DR} ARl
i, Rl
FRELCE!

o g &

19774 29 Jshhglm Azt

19803 29 Q1skhgtm AxEakat
(FEHAD

10884 29 olskiglw A e
(FHAD

19794~ I e TR

19814 Al2E] A7

1984~ 7Z71gtm

19894 MApAARl} w4

1989¢~ Qlstdieta

A HFETEF 2T
TBoF HCI, e~
A7



