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Abstract

Abstract

With the broad utilization of mobile devices, the users can enter or leave
Smart Space freely at will. It’s acknowledged that Smart Space environment is
a highly dynamic, open, intelligent distributed system. In order to enable the
users in the smart space to use the services provided by the Smart Space
system, the system should have the capabilities to acquire and process the
contextual information related to environment and user activities. Many
researchers have indicated that various entities in Smart Space can be
processed by computers only if the entities are represented in levels of
formality. Therefore, it’s one of significant research topics to build formal
context model to describe various entities in Smart Space in recent years. In
this paper, we are investigating an ontology-based approach to modeling and
reasoning the contextual information in Smart Space.

With the experience of Smart Space application, we analyze and
categorize various types of contextual information at first. In order to describe
the entities in Smart Space, we investigate an ontology method to modeling
and representing contexts for the purpose of knowledge sharing and reuse. We
propose ontology-based context layered model, and divide context ontology
into two sets: core ontology and extended ontologies. Core ontology consists
of concepts and relations of fundamental contexts: User, Service,
Environment, Activity and Platform. Extended ontologies inherit core
ontology, and define vocabularies for domain-specific ontology concepts.

Context reasoning refers to the process that Smart Space system makes
use of the contextual information about users and environment in order to
acquire and extract high-level semantics. In this paper, we propose a
rule-based context reasoning mechanism which includes ontology reasoning
and user-defined rule reasoning. Ontology reasoning aims to solve ontology

conflict detection, expression optimization, ontology composition and

II



Abstract

knowledge wvalidation. User-defined rule reasoning aims to facilitate
high-level abstraction and mapping from low-level contextual information
adapted to different domains.

With the help of context-aware prototype system, we apply
ontology-based approach to build formal context model specific to Smart
Classroom, and investigate to utilize rule description language to build

user-defined inference rules for Smart Cameraman application.

Keywords: Smart Space, Context-awareness, Ontology, Context Modeling,

Context Reasoning
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AR TS 1R R B 2 18] N (R4 AR (R 1 B S, L
PR SE B o AN S R A R ST U s— i o 5, B Re
LAV BN T SRR A ARSI U R —— T B A5 B B 35 45 S A
B, IR e e B En T ST 0 AL AR SCBLIR: Ba, ASCREE
AR BRI 4T Y IE SCI LIRS

1.1 BEMRE=

B VH LRGBS BOR I A ke, THE AR RE 1 AT LA TE =, B3
W AR BAREFTRS 2N, SR ESIME RS B, TH5/
WM B as (R A e s SIBAINE,  AATA 8ok SENAS KBk ok 5 R )
0, T BE A W e AT R AR A 35 o & i S gk i 7 H e BRI, 2 ey
1 NATTRESS Bl IS BE 37 I = H A2 I SRR AN IR S5, A2 5 d T 5 (Pervasive
Computing 53 Ubiquitous Computing) 5T H A% .

WG THE IS 2 H O Xerox 2w Palo Alto BFFTH L (1) 15 T HOR
Mark Weiser J* 12U AR B B3 I, SR SR ANATTI A
AEAsE, K LR B AT HR AT, 1 AT R B3 3] 22
SEAT S A B [1]. Weiser £ {The Coming Age of Calm Computing) [2]—3CH
TRt SR g 50 AER A =AU FEAR I MBI (Mainframe
Computing Paradigm). 'f[Hi7F I (Desktop Computing Paradigm) F1¥ i1
#. (Pervasive/Ubiquitous Computing Paradigm). M N 511N EE I R KA
KE, FEIIEIEAUAL, ANSHHENRRRE “2X—7 XK, A=
— & ENL AR R A, NS HEEVIR RN 0T ERR, A
NHENLZ A e Ed vk AT, NSRRI ¢ R R A s P
A, BRI KRR, R X KR HEALAEHE A
ARGV EF I G, il A KAk VLA R T2 i, AN
POERMAIFE TH, eHUZMHIES (BIFRES. TS M
BATHH TAEAR S m) . 5 d T H S AR 5 A 2 09038 85 T-0F 5 W far s
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TR ICGE M F A 21 D I AT R A v o IE R LR S v AL
AE#= (Smart Classroom) [11TFFTA TG0 IE T OCBEFIAR, it JLAFER
[ RIIT S, B D0l T S B A 1 i v SRSl e SRk I oA A A
BT BARBORIEAN 5 A5 JE 2% 1] 5 W) B 23 1) k& je— N A = 1 AHLAS B FA
B (8], A8 GRS Bl A] v AATTRT DARE I B A 32 B i ORI A FH B 75 22 1)
e SRS [8].

VEJ B oSS, 0 v 5 BT A 2R (A TUREAE - W) BEAE B (Physical
Integration) 5 H & H#4F (Spontaneous Interoperation) [3]. #JFIAE K& Lt
IS ) (R T B ) A B ) R A S e e R i, B TA] o (R A B
P A5 B TR A VAT R B AR B, AR R T SEORTE TR RE 52 W b e
MBS RGZ T FlmfE— M=, AMUKIERA R T A4,
MR RES I PO T TS LB IR A, SLRE w5 i i =
T N PPRESFIE S, FERet i 2= P s & 8 P 3 55, 4 e
HFFANNECFBEL (PDA, Personal Digital Assistant) #4582 HIR. A
Bl PR N A SE MRS o R TLERAE (R 5 SO & P B8 P A7 AR IR o S 54
BTt B & . kS5 PP AT Agent 55D 75 28 L&A = A A B Kk Hh
SE S HAB TR SR RS 2 (R A B, R v Re/b i R AN TFEH P 1.
Wt UL IR Re = ), — A IS TR PDA #EAR e =, LT
FENECE, AR RS E TN PPT, k& (PDA. H5%10
MIAES (eI E) ZIEAS Bt HRHATH, Jow 1 T shld &Rk .

PIHE7% (B (Smart Space) Rt 1 id v H I MR N R SeAs], 42 056 [ [ 5K bR
ERIEOR 2y (NIST) 45 th i X, BRes g “— MR T8, 5 Rd&
AL AR I AR 8], 3 H 240 H P ae % AR 7 (58t Ae 2L rh U7 i) 45 BRI EL
THEHLII IR S5 K iy Ot AT Bl AR 5 AR A ME " [4]. R Re27 R HOR AR
TR A AT, R A S W R B AR ) SRR R, fiE
i A PRI & U SR PR S LG R R . R 5] R g 2 I S i eT B
A S JL AR IR R 2 ] S48

H Al C AR 2 2 AR G TV A W5 IR 1 ¢ T8 Re 2 [l BT 58T &)
FHARO, IWREARPIFTTRIA: MIT 1 CSAIL S23 =4t AIRE
( Agent-based Interactive Reactive Environment) v &IJ[5]4& Hi3& T Agent [ 4R A11-
St Wi R RS H N Intelligent Room;  Stanford K2 [¥] Interactive
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Workspace THERI[10130 ) T-HF5TH P Wil [RIA7EAE =F & v R B8 06 00 TAE S R4 A2
L FRRAN [ RST () B 2 2 TR D)4 1 ) 2, vt 1R SR 2 R S8 PR A iRoom; Microsoft
AWl Easyliving THRI[9176 IR T-WF 907 706 K 5 A2 B0 #% (1 & Be A58 o P 44
56 (1) 1) A

TR OR 270 05 TS ) DAY e 2 s [ LA Dk M 2R () 48 e s [R) S4B
B B 25 1] PR EIERIE & Smart Platform[6][7]/IF5T, I LA B A1 & BELH
AR R AR RE AR R B = AN B (7], Wil 1.1 P

Inter-module Coordination |

Coardination Model, Multi-Agens, Communication Language

Natural Human-Computer Interface Individual Open Smart
Tangitle Imterface, Sensors, Perceprual Technology Smart 5 pace Smart 5 pace Communffy
'y 'y

Eternity & Invisibility

Loave Coupling, Embedded Technolagy

—F

1 -
Cyber Foraging
Envivonment Discovery, Resowrce Management

Surrogare, Virial Service, Proxies

Hybrid Communication Support

Context-Awareness

Fewmal Representation & Modeling

Context lmterpretation & Reasoning

-,

Inter-space Interoperation

Inter-space Resource Management

Hierarchy Space Organization

Domain-specific Context Interoperation

i

B 1.1 B R R I =ANB B

BRE AR I S — AN BOZ AN e (8] (Individual Smart Space). H.A>
BB R B AT S A A s (R AR R S B RIE S, BRI ANLAL
B, [FRESR ARG AT AEKTE (Eternity) FIA A WL (Invisibility) Z54F
Peo A T SCHPBCR I B, BT AR AR R R A A S 6 1R P A
M. 2 Agent RGELUSGERNLEIE; A T3 AR ANA E 730, Wt F 24
PR IE R ik N KR ] 4542 11 (Tangible Interface ) A& 2% LAE T- IR AR K
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TN RS 22 B R SR BCA I I AMLAS LR ST s #AHIRE A (Loose Coupling)
(RS FHAS R G () & PR P E RIS TR BT 1, AU RGERITH WAE J A5 1k
RN NEARI N AT/ HA TR R s (Eans ge K2R [12]) BB ik A 219
PAETE AR, AL SR AN AT LR

B HEZS T 58 —ANIY B TR & 5825 1) (Open Smart Space ). FFi )
BRES AL A PNERE R — MR U R RE S (R I R TBOCE B a1k, 2R
HBEE BB ) Iz A, P ] DABE i B gk N B B TR e s A, HH
P eI 3h ¥ & BEA FH 7 AE 28 TRl i, Ref A3 RIS A AE, JF A KM
HWEGHATAS T, W 1.2 Pron. i S P mmroTin @ m] LUH kg% (Cyber
Foraging)” R4, TUERFRMEEMIRIL. Fr bl o518 i B . P 2
fRBE (Surrogate) [131LA K Hid N AFHARRIN K, SCRERE 8 I Bt s B b U7 i)
BIREAER], 37 W A YA e 2 R) B K o SRR IR 5% g — MR e BRI RE
(Awareness), A 1 ik i WS R Be s 1A TR I IR SS, BTRES (A Vi H & &
) iR BONT AL BRSSP G S AH A 545 & (Context) WIRES) . %7 I HF
FEEFEGEE B R S W5 SR SRS TN 2

Open Smart Space Infrastructure User & Device

B 1.2 JF I e 1)

B HEZS MBI IS8 = AN BUE R REALEIX. (Smart Community). 27 #FH TR,
B RAK AT Be I ARG — (AR Be s /], TR ARAE V2 O B R, Hidsk X
SR ST A Rl A B 1R 21 5 ) 0 TR 8 e 23 TR R 8 [3]e FRATT A R R I R e
[ETE R S R P2 0 € 7eE 1 A A Pl 12| Rl 51 2l 1 NS TB S < g a2 1 QK == i LT
REREIBE Gk A B BRI R B2 1A] (40 FIT KA 3 DX S 3 1) A e
WRPITY,  IXRE )25 (R BEAS Ak S ) BE O R )23 18] (B an T FIT R B &> 51
AR R FIT A5 BB RER D, e AR Be DR LR Re AL X B A R .
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B 1.3 s 2 R ReAL X SR i, B 2 AL (5 R RS M2 B
FRIRER I TAR R W], FOREAE RSB, PR AR et Jl s J 2% A
WIELAR, B REZS 8] 2 o) SEOLIE R CELIE, 1y HHY ) A s 2 AN [F] (1 R a] vh
REWS B Bt . FATYON R BEAL I B BT 7 OR A6 S A A 3E4 75 A5 Rl (R A0 L
DA AT 5 2 TR) B BRI ), ] G R 2 T o ) B A SRR S5 R TR Ik
e

Smart Community

Smart Space A

Smart Space B

Smart Space C User & Device

K 1.3 et X a7 =S

B RE A 1) AR = A B U2 1B S AR AR I R G &R, B & RE =S A1
U, WZe 2 ATF RS R AN SN, BEASBY BURIWE SO 5 5 A AN
EIFANZWRAT— B BUWWT I A e — B Berp A, Bl FO2 Bseir— BB
(1 i 2 22 A ARG PRI R 7 S (R 2l e e — Br BOW e 9. st H i iRt 9 im
o ZHIH X B BURWE IR AT AR IR A BIRE ST, W0 B o
BB L
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1.2 [EERYR

FATT A B TS0 H AR 2 A v ERAE C T AR 4 T “ LA
L7 ABE[8]. LI vHA “ AN L 1 H AR i AR i 2 07
AT SCHR S A 3 EEE R 58 205 TR 1) 28 = AN T B 1) SRR R ——— 15 B B A
B

BEE T ENLN BT RE,  BIRZ TS HIAS P 77 ZE A TR O H 23,
R EAR G T HHLR G T WG 2 T 22 I O falfee: —J7 10, A
AWA BTN ERE, NS SAAS B )7 ik & K GG A . BlAs
i3, HmEA TN, A E A R VS T, A
(R R, AL B AR IR T DR 22 iR SN I Be 4, A6 2R ORI ) A 3
MR R S T A, BRI B As S LA KRBT
SEBEA AIAL A (R BE A, T T 5 H ) ) 25 (1 oK = Bl b vy FH P i (At B ) i
i I A IR SS » FRATIA N R REME 2 B e 25 IR AR BUREAE, RO AR e
[, P B AR A 858 TR A AR R BT R B A FUIRSS s 1Ak FH P AR e )
HEET ARG TAEES, AN xR EROHP S5 RAE . 56
PEUF B2 R R S5 IRORS ) RIS TR), Xk 2SR e 8 1A R 1 4 — 8 & Re AT
PR IRV 4 A

M 2AEAE G I EHLR G AWLAS HAFAE BRI RS YE ? J N & e
ZIH7m, BATEANAE T XS AN E 7 AT . A fa, N5
N A JE A VE T AR M AER] 1), 715 2 R A BN 5 N Z TR A8, #lan A
HANAZH I PR HIE S B RFEERREGR T, N5 AT A A RS 5t
R PEE, WAL YN S N RS R oIS B (Context) 43 4k [A] 1 2]
fift s 28R UL, IS AR — R T TREA SIS, A TR G Ul “i5 20117,
TP AR A L[] 11 5o fE BB RE ), s WIAS TR W) 1 AR ZE G AT
KIPREI A R EE . BHIa W, AHLZ BRAS BAAEAR KRB R R, 152
T —Jr sz B 3 RIA G s 5 e, 55— NS iHENLZ (A
i = S A TS S B R PR

TSN (Context-awareness) &% At R REMEIAMERIL, A BLEFNH)
9T S B ek NI RERIR R AT [14]0 THENURE S TP 2 2 RIT X 45
TP WE 9T, B tn 3% & 14 (Ubiquitous Computing ) [20][22]. A HLA H.

(Human-Computer Interaction) [15]. AL#f¢ (Artificial Intelligence) [16]. {5



% (Information Retrieval) [17]. W45 (Nomadic Computing) [18]F14%
JER I 4% (Sensor Networks) [1915555 . AN[F] (2 RHF 70 55 850 1 H R R F A
JERH A, ez R E S ER S Al , A Lo R R 5T B A 1
TREPEN I, AE 30 ) L U O I B A B e s B R G B R k. A
SO N e A A SEN T IR THD [ 2 2 1) W FH PR A7 B IR e R

1.2.1 HESIBERM

BF U fie 2 B) T RS B, LA BN R GE, 1 T P AR B
(Context) & X, KA HA RSB B O F0ams P B 5 3, A Refd
WF A L POE I £ RGP RS s 5B 5 B A s B B, SR AT
ALV T B A R G

MAE B, FEESEE (K41 M) (Merriam Webber’s College Dictionary
1989) (MR, Context (AICIEFANNGEL, WATHEFN EFI0O 248 “1) EF
S B S AN E T B vk O HLkoE FL SRR gy 2D WA
B RS R AR A O SRR

TE & TR, BFUE AN Bl e SO DR TN R G RS 55 1)
B[217, BTG ET (Context) RIEAE . Schilit 25 N IA B2 BTN
ARG S5 H P RGAHOCHE R, g RIEEiE e s m ARG,
W3R S AL E (location) B4y (Identity) I F* il 4 HEXT 4% (Physical
Object) LUK [RIFH P A HL I ¥ £ PR A (State)” [23]. Schilit &% 17545 ) & XAE
ParcTab 1l H[23]H 5 2{# H, M Schilit [¥152 S nl LB S5 B 50 518855
FHIRIIAE R [20]22]:
1) TF5EIAES (Computing Environment), fLFEVFEHIACREZSIZ 568 P

B N R8P 4% Bt A5
2) M3 (User Environment), BFGHACE . A BN BriEits

KA,
3) WPEIREE (Physical Environment), GLFEIAEEIERUGIL. M K P45

Dey 1 Abowd %5 N A -85 14 i SCAMUA AR H T-4fid H - 808 R0 5,
HEBRHAR SRR (R 1 545 S, a0 F P 1758 ] (User Intent ) H1 715 & (User Profile)
S, NTTTHE H A2 DA AT ) B A RS (A B A B R AR Rl LU R R
SRS BME S o SEAdaE 5 H AR H 2 [RIAS BAR DG . M R B 0 &,
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WSS SN AR [20][22]. [HE, Dey Al Abowd 25 A\ $ H X 55 1 (1)
B, DCATESERAUETR “ RGE RS RS Tk, S5 W P
HEF A BRI SS IRE 17 [20][22],

1.2.2 [|FERENRY ALY

T TIA o 5 B 04 23 60 ) SR G RVHER I S5, T 0L
AL R TS LAY B 11750 Bl RV i 2 L34 P e SR

=K

ARG T S Bt AT e 1 N I RE A 1A 2 1)
I, B REHCERHE R N 7 AR I b sl i Internet 4236 $I3 f 5
Ey A S R IR I G B R S 2R S ST I R ACR . A
REACE RGP R e SRR RLILE A REFCE P i 35 (B Buiid 5. Bldg 4
AR DN liBusca e €t i NN IE AN 1o SNINEYIVE QIR ES B UR VIV N

Em

B RS T
BRE W S RES RN H] I A ya ], B e B FAE B e U= 1

BEKGRLEE, 5 MREE SR At el R B SS

® CUPHHAIEASUCEN, B RS TMRIE 2 W E H AR fHER H H
I RS B %R B TE AR T o 3 RE 2 I TR R 5 #5417 1 S A
{58 (User Profile) kG YR H HES M PHERS (Pl i~ A=
U0, JE N EEIAM

® U PO AR BOINERR N, R B B TR 2 WS HD G I o
PERELBEE I S SR 5 A S0 T B IR

® HRES T TARYE AR YA S, A DUELES A AR 5 SRR B
DI o B e OB Tt ARG USRS 9 5 200, 20 o) id i s A
S Email R 7 AUAGE YRR 1075 DL

® PHE L AS, B AES B TR YRS AR IR RN P50 I 1) ok 22 HE g i) IS
o [, BRI PRI VREE N N H R H S S, 251
g, BN & a7 SR, B RE s B T e AL
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1.2.3 [EEREAT 3 mE IR EY 5] 8

TEBEE AN A A 1992 41 Xerox Parc Tl H IWFFT TAE TR UH TR
TR, H AR I8 TH R ST A A, EE I B B AN R i R I8 21 AR
RGBT B, W FTATI AR T I A5 VF 22 (1) TR Ak«

1) S B R

TR SRR — R B T8 18 PR (R0 AR S S R R IR 25 55, 19515
SRS AEAE R PR 2L I e R Re A=A S 7 S (User Identity )
AJBE A M IEAT ZR G0 S A A 2 TR, R mT B AR TR0 B A SRR H ke
ras . BIE & e RGCR UL RE AT BE & M Active Badge[24]153 3], A T BE& M
RFID &3 80 DA, A 505 SR IR e Al PR A 45947 B Sk on R G AR e HL AT
PEo
2) WRZ AT B SR

MR G &Y (Reusability) FIHE/EYE (Interoperability) f#) £
i, BB RS T EE R e M R G RAE 6 SCFE, DR IS B A RS
ol = 30 FH 1 AT SCPE Y G RS = 2 I R LA AR . vl )
BE BB S PR Y  B 0 SCRAE T I N B PRI n] F H ) 1 B3 8 N R
G R R G .

3) k= T AR

H A 55 S — RO AR R e N FH B (1), k= 3 F (R B, ANl
TR 2 [R5 55 401 L% (Knowledge Sharing). 1R E A (Knowledge
Reuse) AITEEHIIHEHMER! (Logic Inference) %5[25],

4) =z e R

P B KNSR R GE ) 2 PR E RGBT T b AE IR =, BT 5
5 SR v FE B AR P EAT AT A B IR O R G b 2 A LR B AL L4 IR A ok 7 2 S I
RRCE
1.2.4 THERMARMERANE

T B8 BRI N B ROt AR B8 207 10, A T 8T 1 B I ¢
AT RGN 3., BE T B RENEIT A N AR5 1)«

1) 15315 BRI (Context Acquisition)
T BEAS BRI T B AN v ST 90 B S 2 I F T e T B AE ER I 2
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FEA S B SR P IR IR B Bl (M BN, —RBam =, S8 AR i
ARG L AR A 1. [N, R 55 B SRIBO e A7 H R B AT 15 B 45 5
I

2) 1EERI RIS (Context Model and Representation)

T BRI R I B A5 R AR s A SR A e B A LA, H AR 2 15 B
ARGHRPE A O SR S, SR VR ) S 8 B 2 AR I N 5
SR RF RN R I B 8t ) SR AR s I e 1. end JLEIwTsTd 7
WS HEAE BV SR Y 3 3] — 26 e, b o] £ 155 58 IR 0 AR 8 v S B AR
3L T8 SCIK T AR AR AR TR f) R A5 i je, A o g 7 30 D P 17 351 JEVAE 2R
TR [20][22][26] -

3) 1HE5EMEEE S (Context Aggregation)

TSR 2 NP (S EESRI 5 505 S S I U b AR A RE 22 iy
St B B A B BRI e R o FLrp 10— Bl s U7 St 2 vovt S b U 1
BiAE B A HURERIR M4 AVE R Ak L 18 B A5 BB S oA 4 2H DA R 15 B8 £ L Y
S FE T R B R Y, AR BB A RE Oy B2 I B S
iR B A SR IR i e 55
4) 1EE(F B (Context Query)

AR D A S I R e 55 1) B A RSl o I B A B EE M SR 1A U ) 1 B e 1) 45
PS4 E TN EE S I G IR gt K P R A = S e D] SRR B -3 S S
T EiliE S . FHE mA AU S i1 .

5) IEBEAE SR (Context Interpretation)

JRJZ IS B A S (1 RFID A% Jgds 1) 08 ) AR MERR_F- 2 1) B R R e P Bk
TR SR AR SR A A il R e 2 (1 B2 45 B AR v J2 I A R, P kg
(772 SR A B LA 7 S AR A N DR Re vk, H ATk s 24
7t Description Logic[27]. First-Order Logic[28]. Bayesian Networks &5 /7%

6) THE5ifEE &I (Context Discovery)

FER BTN ARG, WG BUKFTR A R G0Hh Mk 55 45 F ™ B8 AR A
HY, DR T B I N AR G b 2B 4 1 B 5 A BB, FOmIE 9T o B R AR T 5
MRS IOHA . RATFIEAT T ML [29].
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1.25 tHXWMRSH

H A N AT RERS SR T 7T HAR 2, b LB AR MR 5T H A
£ [H GaTech 1] Context Toolkit i H[20][22]. Z£[E UC Berkeley K% Context
Fabric 1 H[30]. Z£[E UIUC K241 Gaia 5 H [3 118057 N3k [E 37 K241 Semantic
Space 1t H[26].

B Context Toolkit

GaTech 1) Context Toolkit[20][22]1FF & T — & &1 % £ Jdk 2% Hi b Ab B 1 175 55 4k
GAGARL, DU B B2 N H I s vH A ELH - Context Toolkit T 4 I 2 1)
115 55 Bl R SR O =y JZ2 (RS B Y, 15evt Context Toolkit A, HI)gE & WA
AR IR I SR AR e 15 B, W0 i B e o 0 s 7 PR e 0 L A R Ak 348 P B804k A
R, HokGENHFERFAEH . 76 Context Toolkit #', Context Widget FHE 2 it
A5 UG I 2 1, Bk S FH R P U In) S ) PR A It i Ay R T S S A 1
()R] R, [ s A A% R s 1 B AR A3 BE {4 . /F Context Toolkit H7, 4
TR A PRI B B A A H B A SRR S, B> Context Widget #RIRAH
W, B LRAE Context Widget (175 8 11 A1 AT fis & 1 FH 1T pR %5422 11 o Context
Widget M AL AR SRR 0 50, JHK £dis 445 Context Interpreter AR EkE
Context Aggregator BB TR sl fl s, 20 An 2B H HTTP )
VOHATIEAS, RH XML & 507 B2 T A% il .

B Context Fabric

Context Fabric[30]/& ParcTab 5l H [5G £200 H , Context Fabric 5 H "5 i1 (1)
T B AR AT IR S AR N EAR N B IR SS: FATF RS AW IR SS, Sttt
B 3R ORI 2« Context Fabric K S64&-¢ R Y (Entity-relation) 451
BRI AR K oR DU R IEAME SR . S24k (Entity). JEYE (Attribute). K&

(Relationship) FEEA1A (Aggregate). 7E Context Fabric H1 KA XML 15 5 % 1
BB AT R A A SO R Gerp, il XPATH SKAE 5 XML B B 2544 1)
HIES .

B QGaia

Gaia i1 H A B2 BN FT[28 ] % Context Toolkit [z vh JOAR, fEEEHEI &
ST W4 (First-order Logic) HAi /KA (Boolean Algebra) [RJHEZ il
R Bi5E ) (Context Information) BEATHEERFIRE, I HAIH Ontology K
R XA A Hh 535515 1] (Context Predicate) 45 AITE X, HAFEAITLE

11



sEF5E (Fact) FIFN) (Rule). Gaia tHf#FMEZZ % (Probabilistic Logic). A
K2 %E (Fuzzy Logic) B¢ I (Bayesian Networks) SRR kAT 5515 B
AN 8 PEAEPE[32] 0 Gaia PRSI S5 B AP FEAY S A HE I 855 Y AR (Context
Provider )« 15 5i & A Bt ( Context Synthesizer ). If 5% fff F B B ( Context
Consumer). 55 HLNY A $k k55 (Context Provider Lookup Service) F1 Ontology
J%5 %% (Ontology Server) %t . Gaia HKf W HF2/7 ( Application), ¥ % (Device)
FHR 55 (Service) #RIA N A& SEAAR (Entity ) o BN SEAR R I — AN 1R A (Knowledge
Base) KW 5 ATAE SE A IC 1 S5 SRR o 0 iR 22 LA ) 22 S04 1) 7 Ak A7 At
92, WAFE ARG MG B e i B A SR A I 4 (01 455 A AR AR AL
P S R TiBUREY S SR X U BHBEN P31 RV, e 5 L o5 T S NN (T 5/ 1
PEER N . SRR ST S B SN, Sl [ (1) APT [ 42 5 | 4

(Reasoning Engine) ¥ 0)'E T 5 EL 5 (5 B HEM 45 . HfERE 5| 28R H
A7 AR AR, MR AR AR Y | DU S g A 20 45
B Semantic Space

Semantic Space[26]/&HIN3E NUS 454 Semantic Web 7 AK AR 2 G 4% 7] 7
T 5efE S HTE UK IR . AR FAHERLAE 0] # . 7F Semantic Space Wi H 7', 5 Context
Toolkit fR2E{L, Semantic Space I/ IEA -G HLF5 Context Wrappers.
Context Aggregator. Context Knowledge Base. Context Query Engine #1 Context
Reasoner SF A4 . Context Wrapper SRIUIE A A4 i 2% 55 2 A4 Mk 55 B £dis
FEXS B AT bR (Context Markup); Context Aggregator & BTN EENE 5%
FriE, 528 K UPnP Control Point KA# ¥k Context Wrapper 1) & BRI 455 254
()3T 15 i) 75 Context Knowledge Base F T A7l 1% B bm i 203 A i i e 13
[11#% 5% Ontology %i#i#, F4 Context Query Engine $#&ft1Jjin)#% 5 Context Query
Engine % ] RDF Data Query Language 1E 4158 2155 75, RDQL S FF3ET 7t
41 (<subject, predicate, object>) & XHM L[ #r i) /73(; Context Reasoner ]
Ja RS BE A5 B AT H S AN HERE, b 75 AR R I — A ] R 1 B
5 SR AE PSR a8, SEBL_ESRA Jena 2[47]0)38 AL 51 28 K% CKB A%
5 B HERL.
EEAHME BB ST BE AR N Y, 3R 1.1 XA BT H 25474028

F£1.1 EEBIM AL R LR

12



F1E G5
Context Context Gaia Semantic
Toolkit Fabric Space
Context Components Similar to Similar to Similar to
Acquisition decoupling Context Context Context
low-level Toolkit Toolkit Toolkit
sensing
Context Name-Value Entity-relation Ontology in Ontology
Model pairs in model in XML DAML+OIL in OWL
XML
Context Relational Local storage N/A N/A
Aggregatio Database of XML files
n
Context Ad hoc Ad hoc Rule based Description
Interpretati reasoning Logic
on using XSB using Jena
2
Context Simple XPATH based N/A RDF Data
Query matching XML Query
matching Language
Context Simple N/A CORBA UPnP
Discovery private naming/tradi
protocol ng service
Context HTTP based Private CORBA IDL Jena 2
Delivery private protocol
protocol
Developing N/A N/A CORBA Jena 2
Platform
13
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1.3  AXHARTEHE

T BERENIF T A 20 im0z, Bt B fE BRI, IS BE A S o 158
6 BREG . WBEEEEH. 1H5E BHE S BRI IR S KIS 7. A3
F I BRI U A RS B R 5 (Context Modeling and
Representation) 15 (5 BN AERE 5 (Context Interpretation and Reasoning)

1.3.1 BEEERTEERE

BRI G B2 R 2R, Bl e R LB HPWESh. TRk
PRI o T BN T 22 ORS8O A S 5515 R, 1 S B Rk
(1) 10) 2 AR TH AL P el S od R s T B (S B, &S TALAS AL P . 753 45 Jk
FIWERHI A R4, 5] U1 Context Toolkit, 755 {5 & — M Ad H 1 [m) X S 5 (]
U1 Java B CH++) BEATRI RGBS, XRpIA T R OB [n) R 1 e 15 R AL
ARG A B, (HERZ 3 RetE. JREerntsimiH, 4140 Context Fabric i H
M &K FJ6iE (meta-language), #1 XML, Skttt EG s, X358
IR TE AR BA — 2 Wy e, (W TR TRAE T e MR, XK
IR TTEAE R R I B AR R BRI RREE T . B BTt o8 B 8
24, #1un Semantic Space, N &K H OWL i 5 (Web Ontology Language)
WATHOAE G S, RAXERIA 7R B H 7 T Re B SUZ A B 4F B
AT R

1.3.2 BEEEREERESHIE

T LA B S R 1 BRI 70 s A PR e T 7T A A . A BN 3R
GE vl AR UL, A B S MR S A 0 1 AR AE AN 5 THI[33]: 702 3k
I (Data Sensing) [JRIFEH, F5EEE EMERE S5 HERLIE 2 ¥ 2 AR I 28 4k
P B R B HE PG B R S B S S, AR € A R Ge 43 2 1 ISR A AR
brsE (<26, 87, 29>) MEREGmZ MBS (<AT FIT 3-526>). {EREIHIIA
=2 (Knowledge Sharing) IR, 155615 SRS HERL I /E F &Rl G 2 761
TEEAE R, WA EEE B — 2k, A ORIE RS B TR .

FEH B OAH GBI R g, 5GBSR a AT s . —
T JEL % 2 A0 I B A5 L IR AR 5 1 B SR FH AR A4 10 R0 38 4 2 1) 7 9o S TR
TS S WU N IE S, ) — A R R R MR e oh I VAR AT HERE . A& it

14
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H1EE gl

FUM TR 1 22 B B ORI AR = (Pl OWL 5 5) ik
IR ELAE R JE BT PEAS [ () L4 R 26 ok b T B A5 SR A A 6]

1.4 ZAKRXHIIE

B LT SIS B AT S N A, SO T AN AIRESE, T
IS R .

1.41 ETFXRFERIFRERIRE

HAEE CA NG EE BB, 4558 e 2 1) b H AORS R LU E T4l 2
IIWTIEER, PR A AL IS (E B

D rfr TR R EEE RS, e AR Y BRI A A AL 5
R BRI 3, 15 I AR R BE BRI RS . I
B O A AR EL S (KR A

2) BHE T AR R B B . FATA AR B ok A R B
AR AR SR E S (AR BE . REILURIRSS S5 HEATIE AL
FEBL, A RE i I A R AR BE S R AA AR S B 5 2. [,
AR A AR5 AN ) SEAAOR R R 0 (Domain) H R &R A 3L 7] 19
2NN AP SR R A USRS (o kPN TR = el LI SN T B
PR TR I8 B SN A) o

3) MAAMAIATE S (I OWL 155D REEFISBIAL A 5825 7] h AN [H]
SRR, (S B I RN AR G AL B T AR R 5%

1.4.2 ETFHNBYIFEHEIEH G

TATZE TR AR I B A5 BB, 45 Gk N LA ae b2 i
PEAIAAARS 7 TR BBF ST AR, BRI R 1 B BEATL o
D) o #fr TS B BHEBAE I 5 I %0 28 48 ke 30 i/ FH A 358 45 5L 41 2
PR TR R S A R Y
2) ZEAHEIAEH (Description Logics) ST TAE, BF5T T 1 ) & fe 25 A
IS FH ) 5 T 3 3 P 55 B A R LT
BT RN PR AR AEH K N T AT FRATTMGE BHE BE ) A T AT S 1 355
HEFLRIBLS], A A TS B AR = Ak

15



143 XHFHEERMNEETEXEFLRRITAR

Tgi G E T E A O RS B S S Smart Platform B 7T K LAl
o B SRR BN IR R e 2 [R) S P T B B R R S5 M o R RS ) SCHE T
130l L, f5% Semantic Space il H H Context Stack 72 A MY iy, et %Y
A ST B S BLUR A R GHESE

E
AN
=
i

1.5 BXHELPR

RS A IR T 507 R T

O R T S B BRI BRI A A2, RIEN DA RIS
Semantic Web FiARMFEALANIR, 3 AP 9 77 1kt BT LA 28 2 i v
ANTRLSEARME S A1 OC R I G 15 S .

O = B SE A A EEA EAERR ERAT, SRJ U0 TN R B R
BRI R

SV T G5 AT IO e 28 1) 247 & Smart Platform (KIRFFE T4E, #
I 16 0 B 245 1) 2P PR3 T AR IR A B AN IS 7 26

B e — 2 R B AR S IIRIR I 4 R DL KB ol R s — D R T 1A A
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F28 ETAFHFRERRE

e —FRATC gL, AR Be& N Z M, )™ n] LUBE N b gt
ANECE BT REZSIR], I gRoE T3 REZS MRS/ — N sl 1. JT IR
BREM I ATNARGE. i TR REZS 1) b Y 32 W1 A R e s 1) o g e 55, 3
AE 23 8] W 122 35 SREBUNTAE BEIASSE A P 3G sh A G I IS 805 BB . I Hf
X g2 8] FR AN R SAREAT I A IR, A R T LR GERg AL B, Mg
W A4 B s il 1 SR A & S < VAN [ B2 [ Y L P 5 B = sl LT K
(F SR “ AR S Y (R S AL I Y B [34]12 4878 E E
il REZS 18] AN R SEARBE & AR AT I R

AT GG AT R RE 2 ) IS S A SIS0, T 5 LR e 22 1) i EEA IR 1) 5
PRI, SRR SR AT IAT AN RIS BL (R 1 B BB, S & e o ] v
T B(E BRI, BJE 4 2R TG RN R—— A AR A A 12 1) S it 2 1
SR, 5 r R A AR IR R 8 e 22 8] P (AN [R) Se AR AT B AL g, JF
SR AR R

21 HexZEHdHFRERESE

BRE S IAET S — N EA . TP BRI E TR, 1 B
BRES ARG I ALRY K, AERT— B P IR T2 45 tHE 90 ke 12 52 1R 1 B 1)
S NGB RARAT T DU SR R ISR 5 B o SRS 5 RN H 22 TR A2
HAKMAN . Hf B4, WM 5NHEAL” [20][22]0 (HA2EXANE XAE
SRR N I AR ORISR S, T TSR AT, V2 EEE O G 5
T BT AS R N FH AU, (o AMLAS BLATE . RS sl S A ) 15 =3k T o
FR[201[211[22], BT e =[] S FH H A 38 ek A [m] 110 52 Sk 1 A 1% 458 1% 26 .
A R AN R B8, DT U BH R R 20 1) H A7 5 IR AN ) S AR 7Y

211 RBEIRLELS
X RE 23 [ R AR R I S B A5 R IR ONFERNRERE b i e 4% RS 5 B 1
KPR FAT S BRI

17
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1)

2)

3)

4)

5)

6)

F P 1% 55 ) (Person): F 7 A B F1 5 P A OC B4R &, B85 FH 11 Profile
i i (Preference) HIF @440 &R (Social situation). H
JUESs (Task) DLRS B NGEAS R, HrAH 1) Profile 15 B V&5 H
PR OE BB R T 208, Bl a4, teal e A, iefa i
(f) Email. FHLZ50. @IRMESE. P s T 5, Bl an 8 se oK ke vh K
JESCHRSAT IS0, AN RIS = NGRS, A AN GRS 1 (1)
JCHEAT . P BB AL 0 R TR A RIS DL FH P ASE 5 0y A AN
BHANZRINRR, Hlanfeaexzd, SRS ERPFEN PIKIEE
B A N RA SIS BE, e ae s =T, B INRSUUER TN LI
HI I 38 T AR IR B

IR B S (Time): 2 BAFERTF, 2TAEHEEAREH, Z265%F
e k= I TR B0 S T R (1) 4k B P AN\, AEFR I TR A (4 2005
10 JJ 16 H 16 I 54 43 10 #), &R ARI B (BIU R 2 S5 4 5D
AP EE(E S (Space): LU AT LN & . A E CRAA7E—
VN RO el TUR N L N e Y i = 1 1 A DN T o e TR DR g
G RR I JZ AN, e PRI S B AR FR (i = 4EARFR<15m, 29m,
0.5m>), MBI E (10 FIT KBk 3 [X 527 %),

WEAMEEGE S (Device): WAMPERESE L. At EAENAE ), i
ANV IR b NP M A, tHBLR& ) CPU TN AR PERE, R4t
2 B P 2847 58

Y FRIRSE K1 3545 B (Physical Environment): G825 0] M) FE41F, #lan
FERESERE . MR R WA EEE.

EAEE AR (Activity): prlAD@ S E R &% bR e S T4

g%

212 EBEEFEARNS

1)

MG B AR BRI M R ARGE TS5 B A 05 sAT P AN R EA T8 23 -
TRBEA 545 . (Profiled Context): IXRNGEIF MARAE, wILLEE R8¢
TR AL AT HUCRC B AN BE, BH RERESTIUL H Bl
UNFRSE I A I 7 Profile £ 5L, L5 lal 23 ) AR 5%, AR gen] LUE I 4
SUCENINTAZR, RICHREN b3 [MIEAEREAT G s 7 (B Bz Rt

18
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2) SEBTRIE SRS B (Real-time Sensed Context): IXZH (5 BARL LE AN,
TH S T AL SRS B A% S 0 48 A ) S A S, 4910 > iy FH P () A7 5
], YHT RO, 2 N b 1) ()i R B 4%

3) IRAEMIEEE(E B (Derived Context): X5 BE (5 BB AR 2 FifE B8 Gk
AR, L anaE i AR P 8 R Y Microsoft Outlook A EA7 1 AR ) 22,
PR A5 CAE 2B A2, AN GPS EAL RS EIH T i
PLEAESBUE, B2 AW ) 2 ar G s T, AmiRAE Hos i 15 55
=g

HJ/oho

22 [FIR{ERERLL

2.2.1 [HIEEEEHERH &M

T B I NI 7T 45 AR WY 55 4 JEASE 28 1 2 5 i) 7 B3R 0 R e ) v vk A AT
R ARV AN R I B /T, FRATT & Je it U BRI At o b I 4545 R A
T A i L AR RN s BRI SR 35T

R.1 7344 (Distributed Composition )

TS RS (AR BRI RS R R R A E— R A A=k
RGN %, RINESMARGEE T, REEZ h O fIE 4R 5k 7
TUERG KA GRS YRR P EE BAAR AR SS, P B A B AL
BTE A0 A 2 B A5 B R e
R.2 #4r50F (Partial Validation)

T 55 Y FH ok 2 v £ 7 A 75 0 5 e VR e 2 2R 4 e s g 2 ok TR B A
S HEAT H 70 B UE ) i K
R.3 {5 B iitE (Quality of Information)

PR B A5 BRI L R oy, A% 2 T 43 30 1 280tk 2 B A I 1) T AN W A2 4k
(1), AN R A I SR AT 25 08 115 B T s AR T BE AN, DRI IV S50 A8 28 7 % e 8 3R
fiE A 255 B 2
R.4 A& SR (Incompleteness and Ambiguity)

FENGBAE BRI FE T, AR ISR 15 2 R B AT & AN 70 4% (R B 2 R
(17, 5 ) B AL 25 M 2% (Sensor Networks) HHAS 21, ERA & vk fE
T 7% LS5 A A 70 2% BN E TR

19
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R.5 TEAMFESE (Level of Formality)

T B A5 BRI 1) B Ak A i FH OE PRS0t 1) O Ok R 15 55 B sk
KF. Hlan, 552K S “ A & s (4T EIAL AT BSOS 7, el ek “ i
BEOE” MR, R B R RS AR s 2K . R, B AR
P TS BB E IR .

R.6 A] W HPE (Applicability of Existing Environments )

MRG LI A BERTE, 55 DB I 5 & T E I A & (1
WHE T Web Services RIS HE LS5 ) 11 0] B FH P 0 S & Bt s 3515 B Y N
B A ETP

2.2.2 FEEEEBKSERIMILIE ST

BEAE 1 BB R G T AR N, 5 B RENBIF T I0 H A R FH &M AS [F] 2R 24
(G B 5 B, Strang 5 A AR F T4 5845 JE AT 4 1) Hicts S ALK B A R e 2
Pk IR RIS TN Tay W Rt <Y R NP8 i S A dif Rt Pt
BET AR PRI /S, A g A B3 05 S AR PR 2% A1 th 0 Jal) 1 22 43
WA [ 2R 0 PR 155 855 155 JEVBRE 2R PR AR il A S SIL R 1 FH 7 49
1) BEEMA (Key-Value Model)

SRR G B DB rh ol T LK SR A, AR A o, I S R H
{EX} (key-value pair) (K4 5 A BEATHIIR . BEAERCAY D0 s 17 B, 0 T 25090
L RSB AR AR AT, B RO E B R AL E
BOAAE B IS BN RGeS 2R A, AN AT ParcTab T H 71 Schilit 25 A K
FHBAEAR R TR A7 BAE R (23] BEAEA AR BRI S5 R.1 2 R.5 5 1 ) g
#gs, BT EER R S, B AR — e R B BRI 5 R.6 )2
2) Frid A (Markup Scheme Model)

Frac i A 7R R 7 8 7 (Attribute ) 1P 28 (Content) fJ AR 10 457 (markup
tag) 2 IR 73 J2 B s S5 R SR A T 5L A5 BT, #RE T R A XML

(eXtensible Markup Language) WAL HIKK]. MBI 4T UAProf (User Agent
Profile). CC/PP (Composite Capabilities / Preferences Profile). Anic #5755
W IR (R2) MTEAL (R.5) 7K, B FR G UBCY (iR v 5 A7
TE = EIERAL IR Scheme & 3, 1M H H Fif A7 — L8501 T H RS T IRAYEGIE
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3) K4 (Graphical Model)

P AR AR S R FH D ) PRI R 2 A T2 (il an UML) AT R T 545 B 773,
— R TR G A B Ei i . BB AR & Henricksen 25 A$2HI
TH ) 175 355 A FH IR 2 ORM. (Object-Role Modeling) #i7%[36]. Henricksen
LY E ORM BB FAT ORM B8 i SEAME & ——F 5L (fact) #4702,
PR AN 5 B IR F 500 A FR AT SR A Cstatic fact type) AT
KM (dynamic fact type), SRR 1 58 2 AR U A AR F0Rs Bh A S 5270y Tl
SeRibR FSLAY (profiled fact type) KA H LI (sensed fact type) FIIRA =
SRR (derived fact type).o
4) [H XA (Object-Oriented Model)

AT ) 0k G A0 284 2 ) P 1D g 06 5 v v JEVAEDN 1% B 47 S5 3B AT X 5 a2 R FH 1)
J7ik. WWHRIN A TEA TH[37] A H cue HIMES RSB 1) 5 # 2 4R 1L Jk
AEATHI R ARSI ) e R = 22 0 i A U A s (R IFGKR, Bh
SR T [ 0 S ABERY , RS T XT3 A R I B A5 82 (type) M IL5E4] (instance)
HATHE (class) & XFINS (object) & Fah, IR0 GABRY n] DU ik 4w 3
IRABAT A S 2 AT ER AR B0 E (R.2) 5 I AR I 7 T (5 B
JiE (R3) Mtk (Flin TEA TH D BLRAE#YE (R4) 1k,

5) FHETEHBA (Logic-based Model)

BT 4 () B A A A A FH 32 5 1 D 2R G A R 7 B s A B e 26 1 R
EHE TG S b, 55— MoE O F5E (Fact), ik (Expression)
ML) (Rule), 345 5B T8 MO Bl a8 TUAR S SR 2 LR IR AE 1) =R
S HE RIBAXEANAREA. N HA Gray % A$EH T Sensed Context
Model, Sensed Context Model i F — i P32 48 A 4y 175 B 45 S BRIR FI G 2R 11 1F
WIZTR T BT AR AR i AE AR IE R R aE ) (R.5D, {HE
FEFBP IR (R2) MR (R.6) 4575 A Ja B
6) FETAEAFEA (Ontology-based Model)

FET AR ()17 B AR A2 R F AR 1 7 VR A T B (5 B (Concept)
MIAHH. S Z (Interrelation) o K& T AMARKIEBIAL K M AN ] 247 Chen 4542
H i SOUPA A44[38]. Wang Fl Gu 254 H! ) CONON A44[26].

£ SOUPA 441, Chen SEAR I 2 B2 [8] 7 (AN [A] S244Ks SOUPA A4 73y
%A X R IR Y T I AR, FERZ O AR T T ZERIR Y fig 23 1A o ()N
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(Person). Hf[A] (Time). “¥[A] (Space). FHff (Event). TIH 34K Agent PN
Hig (Policy) S, R4 EAMAPE MR Re s Al RN H (i B2 1L
BRE) WIHHIRIIAM, ey T2, For S opiss.

7E. CONON A4k, Wang Ml Gu & @ vH LA N (Person). 7
(Location). Ji53)) (Activity) HITH5544& (Computing Entity) #2IAN FEAAK
(Upper Ontology), & i v A BT IAZ O . RJEHRHE AR 14tk (5]
WA eI E . BRER RS 8 BB AR (Domain-specific Ontology ).

BE T AR ) B A AL A R FAT IR 5 1) 8 24k 36 o R SRR g
(R.5)5 5100 [r) ) GAS IR AHARL, R AR AR = S 0 D7 o0 SR R AT TE A i iR
I A A K (R FEBAIAE (R2).

g LPTR, FAER 2.1 P EUR Bk /SRS B 45 B AL 7 i 8 A B ol 4 A1
Rk BIZER, KPS “+7 RoRpe ik, f5 “—7 BoRhedigy, KB
TEFR R A2 AN ) (R 1 B A RS 2 TR A A0 AR5 22l o BRI, L6 AN [R] 1)
I FH AU, SR FH i R 1 B4 SV A A & B A T U7 v

R 2.0 AFEEIRR Y H

PEAL | AR | BIEE | gk | TR | ETA
it A SRR IR | R
it gt
AR(TE=Y — + — ++ ++ ++
A
(R.1)
o5 — ++ — + — ++
iIE
(R.2)
=¥sYi —— — + + — +
s
(R.3)
ATE% —— — — + — +
PEEHL
Bk
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(R4

R | —— + - + + ++
FESE
(R.5)

] Rz ] - ++ - - - -
€3
(R.6)

2.3  AREREARBIER T

2.3.1 A®IKiE

KAk (Ontology) f /& — M LIS, MEFHTEKE, Ak
MAFAER — DN ARG R, SO RIS Hh R AT, AL R
HSEI[39] WL RAE 238 1[40 B WS A I ARG H TARUF 838 . AENT
BIREST, B4 HAME IJE Neches S8 N, AR E SR “ARE ST K
T AR ) TR ZR R ARTE IR R, DA GG IR LEORIE R OC 2K e a1
RAMERFHLI . (An ontology defines the basic terms and relations comprising the
vocabulary of a topic area, as well as the rules for combining terms and relations to
define extensions to the vocabulary)”. Gruber &5 A\ %25 H T AR i $2 52 1) 52 X,
B A ENE SR IR BRI I AV 0 B CAn ontology is an explicit specification of
a conceptualization)” [41]. Borst £ NfEMAERE E45 H T AR 55— e X “A
POE I ERE SR R AL YE B (An ontology is a formal specification of a
shared conceptualization)” [34]. Studer X%} _FIR PN & AT TIRA IS, A
h AR S MRS AL R W ) B ARV BT, B DA JZ IR & X
1) M & # 7 ( Conceptualization ) : il & fit % % Wt 7L b — L B %

(Phenomenon) [RIAH IS 1143 21 B AL
2) WIE (Explicit): Bl RIAE S A Al F I Semt 2 0 2 SR A WA I 75 S
3) B4k (FormaD: AU THHAHLATEN . AIALHLK,
4) = (Share): AR AR &L RN AT AN, SR RS2 AH S e 2 A
IR
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2.3.2 1ERIZiE

fifi 132 4 (Description Logics)  [27]/& — & T G 10 J il /R (K B
L, W T KL-ONE #yF 2, WS K xEF (Concept
Language) 3 A i 2 4 (Terminological Logics) - ‘& & 3. 7E M & (Concept)
MKHR (Role) 2 b, HhMEEMEE AN ZIES, KEMEBE NN R ZIH
M) 0K FR . MR & P &H K — A HE N 74 . fiikE 4 2L X
# 4% (Semantic Networks) JRAEKK), BAMHELL ML (Frame Theory)
FAR Z IR o Hi R 32 48 1 A R J2 DL 508 TR0 I 3R s TR 5 1 d o B
Ky —JE .

i 3 32 48 (1) H BG4I A 1R 5 IR R AK BE ) R A GE R, B RE DR UE A LA
wERefE I, JRRELEMM SR . EARZMIREK RSB IrES , g
WARAL T Z R BIAANTHR A v, FEZ R AT BATT AT ¥ M 1 A5 2
SHR AL ARE S T MR A SR R A R N A I AR A T AR 4
HE B R 55 o

B FE A B HE IR B #5155 2 AL (Attributive Language) , & % D& vk
Tableau fE7E 22 15 2N [A] P ) IR 41 38 32 5 AL MR 22 %) R 308 A2 P e, G e il
R HIE S AN AL Y . H 8T, Tableau 5 T & Fhifid 2+,
WLAE 2 B9 & Pl IR 2 b Tableau LM & A4 Pk AL AL TREmE 55

i 38 3 5 AE VF 2 A AR O IR R R 1) TR o 0 [ S I R KA

Iran Horrocks #4% X 31 G2 7 509 (1) R 2 85 AT TR AU 9T, @ T
—UOIPARHEZY, W SHF CEXEARFRIEIE ALC #H47T T H 7, ¥n 1%
BRR. RBCKRMZRKFR) , SHIQD) CEXF SHF #4779 7, M
M7 HRANBEAR , KT DR ZEMEHR RS FaCT (ESKL
YLT SHF 1 SHIQ M43 , SHOQ(D) (e ¥ 7 T SHIQ, &KL MHiik
45 B 08 Ak B 44 SR BRI B 2R A, e sROR I ARIA e ) L P S BB
(¥ DAMIL+OIL — ) %245,
Iran Horrocks Z{#Z 1 Dieter Fensel 55 N\ Rl i@ 4R . 15 M F DAML(DARPA
Agent Markup Language)4 5K, #& i T DAMLAOIL, i —3 & Ji& il OWL( Web
Ontology Language), 1 DURIZHAR N0 F R HEBAEAE, JF7E XML
NI RDF LRIEAT T4k, MR T TS 28 MR .
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2.3.21 IR IZ L8 R GBI

— AR B R G A DA BE A G
). LIRS K &R (Role) ) 1) 3 45
2). Tbox—— (terminological knowledge, 1454 Tbox) * T & A
WS, B R AU A R A ARG
3). Abox—— C(assertional knowledge, 154 Abox) J&T /MKMW
a5, MR AAESERAMKES., HPBMEm s X s IR 2
HRTHEMME . KRBT R IR EWE —EMKRR.
4). Tbox 1 Abox iy #EH ML .
I H FATIE Thox A1 Abox FK hy J& il 1B 32 28 ZE (¥ 0 UL, BV Sk D7
K=<Tbox, Abox>
A R B A I R R B R R 5 F AL (Attributive Language)
2322 REKXERBEES
N TR E AL ()i, RIS AR B RoR i 7. R KoRJE T
KFZR, CHMDERRME. AT EN AL & KEATE X, TS | R
B, WHESES AR PTA MR ) k. AR EMIAIE S AL MIRERIE
M 2.2 Fiog:

% 2.2 AL [RIEVEAE XL
Wi T I i X
/_:,\‘
J TR A Al c A
E%%?\ R RI gAl XAI
UK T T'=A
EHB L J_I _ @
E“E —-A (—|A)| gAI \Al
. cnD (CAD)' =C' D'
IR B 1A .
AL vRC (VRC)' ={aeA'|vb,(a,b)eR —»beC'}
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il 7 2 IRT (3RT)' ={acA'|3b,(a,b)eR'}

MR REEWTE C e DR, HHAEC D'y MR S
5 Ca) MR, M HA Y aeC: R 2 R(a,b) MHAL, X HALY (a,b)eR'

2.3.3 OWLIEF
T8 8 B R AR RFE B B AR T — IR Rk i 5 K e
M2k, fdlr JLASE2 M) Web A{£#E F DAML, OIL, DAML+OIL BA K&
LA W3C [H Frbr#fE OWL (Ontology Web Language) &t /& & 32 7E £ 18
WA AR E. OWL #5774 XML/RDF %5 O brvE il b, kv hn K
SRS T4 O I A 1 T ST SR A A R R R R AR R . OWL AR 4 2 R A
HEBLRE 10k 3 2K[48):
B OWL Lite: Jm FR Tt (38D 10 J2 Ik 43 28 NI ] B 1) £ o 55 E AT 41 A
B OWL DL: PLHHIRZAE N ILRE, FEA e fi vb 5 58 4 P F0n] ) e v 4 A
T, XFERKIIRIRGE T
B OWL Full: 5 RDF R KFRJEMSEE, RAEKNERRGET, HA
RE DR UE V1 51 BE
K234 T OWL 1 EERMIESRF (Constructors) 5 ik i 4 ik vk
R0 N6 R S N Rl (C RS, RERKLR, xBRLH).

%23 OWL RIIERT 5 R & 4R A KX b

OWL RMJIEFT R Z R L I ] 7451
intersectionOf Human M Male
C Nn..nC,
unionOf C,u..uC, Doctor U Lawyer
complementOf -C — Male
one of {Chen, Xu}
{X... X, }
toClass VR.C ¥ hasChild.Doctor
hasClass IRC J hasChild.Lawyer
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hasValue IR X} 3 citizenOf. {CHN}
minCardinalityQ >nR.C > 2hasChild.Laywer
maxCardinalityQ <nRC < lhasChild.Male
cardinalityQ =RC =lhasParent.Female

K244 T OWL [ 35 220 B 3& 77 (Axioms) 55 15 38 32 45 18-V (1 X
RKAEMLNHREI(C. DRSS, R SEARKR, x. yR&REH),

K24 OWL 2~ BERIE T 55 Flid 18 SEVA N X

OWL A H 4 i8 TF TR TR R V] 7451
subClassOf CcDh Human C Animal N Biped
sameClassAs C=D Man = Huamn M Male
subPropertyOf RcS hasDaugher C hasChild
samePropertyOf R=S cost= price
samelndividualAs X=Yy Chairman_Hu= Hu_jingtao
disjointWith Cc-D Male C — Female
differentIndividualFrom {chen} C — {xu}
X} =iy}
inverseOf Lo hasChild = hasParent’
R=S
transitiveProperty . ancestor+ C ancestor
R"=R
uniqueProperty Thingc <IR Thing € < lhasMother
unambiguousPropert Thing € < lisMotherOf
s pery Thingc <1R™

JUT-AT A 1 BRI AT A4 9 ] subClassOf 1 subPropertyOf KK 7R

24  ETHREBBRERRE

FEN BRI S AW ST, BIFSEE AER SR T B S AR ST I R AR A 1

B VRIS R 55 B I N VT SIS R O B 2 gy, DR R B A B i

TR 75 H g e T 1 50N R 48P b 545 B ZURI5 v (1) )7 X [35]. 1

AT, FATTIEFUR I A AR 77 3k A S7 1 1) 8 f 5 10) R 15 B8 5 B COSS

(Context Ontology for Smart Space), H LAFIRRY GEIATE I M) 5 Ppsicfk, IF
FIH W3C [H brrifE OWL i 5 AT TE A RN
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2.4.1 COSS #HEFZ L AR

COSS BIALEAE BEAAR S A5y #Z0AAK (Core Ontology) Al A
& (Extended Ontology). 1%/ LaAAARH Tk 2 6823 7] ol F A& 5244k, COSS
BRI P (User) #83% (Environment). k%5 (Service). 73] (Activity)
LI V-E (Platform) 1E N ODAR R4 ITE, W ERIEATTEM AL T
e (A [ EEAHE SR [19][20][22][23] :

C={P,AU,S,E}

PR 2.3 R AREEIR RS, AT AZ DM &y 4 4 owl:CoreOnt, 5
RS (AP S 4A 5 CoreOnt ¥4 /& T 2R 2K & rdfs:subClassOf. 7F ST B 10
AARFIE SR UL, 40 List 2.1 &R,

[List2.1])
<owl:Class rdf:I1D="CoreOnt” />
<owl :Class rdf:ID="User”>
<rdfs:subClassOf rdf:resource="#CoreOnt” />
</owl :Class>
<owl:Class rdf:ID="Activity”’>
<rdfs:subClassOf rdf:resource="#CoreOnt” />
</owl:Class>

<owl:Class rdf:ID="Service”>

<rdfs:subClassOf rdf:resource="#CoreOnt” />
</owl:Class>

<owl:Class rdf:ID="Environment’”>

<rdfs:subClassOf rdf:resource="#CoreOnt” />
</owl :Class>

<owl:Class rdf:ID="Platform”>

<rdfs:subClassOf rdf:resource="#CoreOnt” />
</owl :Class>

2.4.1.1 B PASEMR (User)

M Dey XFfEEags 10 X, FATRT LA I iE G 55 S M 455
SEEAIANOCH, H™ (User) &3 g2 v) b BL 2 I a5 5. Wk B
SR S B A5 B A B T RE P LR RSG5 K4 vy B 5 () F R . ARRSE AN
[ (8 s oK S PR P ) P R St A s e e v R 20 AR AZ T
PEETRL P PRI, X6 220 AR NI ACKR B, AT 1 D RE I 12 g 1
Fri-RIEAE, RHE RN S NI AR B X R MR U, A A
hReRFr 4, Frlifiehs e dl, WEFE NERMERTR i EE
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M TR B ZE R D RE e %, F I RS AT LU 21

P B S A 505 B User Profiles il (Preference). 1544 (Mood)
Fiffit (Role) %%. User Profile 1M B MHEAG R, B4 . .
RS AEHL BReg Tl DMANTEL AR g ENE. Email 5555, 7Y
ftrics 7P A NELE, 0 N R AR IR, R 2 T ) XU 25
e P EE G R, BInfE B R BCs N AU, P A
s B2 AR DL R R 2 A o ANTR A E IR FH P s A AN F R4 AR, 20 5 A
PRGN B SRR AR, 7 2 A AT [R1 8 80 o) IR AR, Tz 2 A
HAAE AN BEAESNIRR A A AR IR g T Z B C&R, il
AR EY, MMM e AHEE (Speaker) AIWTAk (Audience) PR,
FE H B R AR R A2 503 CowlidisjointWith) [ FR, dREEH HAVEH —
A, PSR RS WEY, RGUE RS (s e KRS 55k K
B[] A P BB A2 R X WT AN, B P A B AN B R P 3 2
BEI, Mo S G BA BB S WS O B LS R
M PSR R P PSR . bh, e aessmy, P sk 5
FISERI KR IES 5K AR (engageln), H P SER SR SEARI L R 2 H R
(useService). [ 2.1 BLHIFH P AHOC I Je 1 LUK 2 SEEAR B IR 5 SEAAR L 5 3)) sS4
(1)K, Herf Teacher A1 Student & H P SEAAET 0 B BE4 = W F SR 4 REAS AR
ALK AESE 2,42 WRHTRIZ UL .
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*

engageln

i r
Service useService Use
[serv] [usr]

.7 ———— Profile
—— Preference

.— ——» Role

——» Mood

Legend Core Extended [> rdfsisubClassOf —_— 0wl Property
Ontology Ontology

B 2.1 HI SR SC R

6

HMIH] OWL i85 $t3& J J SEAR G List 2.2 FiR.
[List2.2]

<owl:Class rdf:ID="User” />

<owl :DatatypeProperty rdf:ID="Role”>
<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string'/>
<rdfs:domain rdf:resource="&coss;User"/>

</owl:Class>

<owl :DatatypeProperty rdf:I1D="Mood”>
<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string'/>
<rdfs:domain rdf:resource="&coss;User"/>

</owl :Class>

<owl :DatatypeProperty rdf:ID="FfirstName”>
<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string'/>
<rdfs:domain rdf:resource="&coss;User"/>

</owl :Class>

<owl:Class rdf:ID="Service” />

<owl:Class rdf:ID="Activity” />

<owl:ObjectProperty rdf:1D="engageln'>
<rdfs:range rdf:resource="#Activity'/>
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<rdf:type
rdf:resource="http://www._w3.0rg/2002/07/owl#FunctionalProperty"/>
<rdfs:domain rdf:resource="#User"/>
</owl :ObjectProperty>
<owl:ObjectProperty rdf:I1D=""useService'>
<rdfs:range rdf:resource="#Service"/>
<rdf:type
rdf:resource="http://www._.w3.0rg/2002/07/owl#FunctionalProperty"/>
<rdfs:domain rdf:resource="#User"/>
</owl :ObjectProperty>

2.4.1.2 BRESE{K (Service)

K55 (Service) & HE&FEMLIEMER € Dy Re M vH S sk, Al A e E
SR AR B P e BB SRS BE S B . SO T, AN P RE AN e
W E G, RUERE G A1 PDA L f¥) PowerPoint SCAY, FH4 I8 A i BEEAGHE
AT, A P i VO Bess AR AL B fe 2 18] P 3 R IR0 RS, eIk s5
W2 R Be s (Al v 2L S iRt Wil 2.2 P, P Bl T sh a5 Ik 5570
%% (Consumer) [FFi(, JEAG W HEE k514 (Provider) 17,

[ List 2.3 45 RS S 7 iGBILLLCT 6 Z AR AR .
[List2.3]
<owl:Class rdf:ID="Service” />
<owl:Class rdf:ID="Platform” />
<owl:Class rdf:ID="Activity” />
<owl:Class rdf:ID="User” />
<owl:ObjectProperty rdf:I1D="provideService'>
<rdfs:range rdf:resource="#Service"/>
<rdf:type
rdf:resource="http://www.w3.0rg/2002/07/owl#FunctionalProperty"/>
<rdfs:domain rdf:resource="#Platform"/>
</owl :ObjectProperty>
<owl:ObjectProperty rdf:I1D=""useService'>
<rdfs:range rdf:resource="#Service"/>
<rdf:type
rdf:resource="http://www.w3.0rg/2002/07/owl#FunctionalProperty"/>
<rdfs:domain rdf:resource="#User"/>
</owl :ObjectProperty>
<owl:ObjectProperty rdf:I1D=""useService'>
<rdfs:range rdf:resource="#Service"/>
<rdf:type
rdf:resource="http://www.w3.0rg/2002/07/owl#FunctionalProperty"/>
<rdfs:domain rdf:resource="#Activity'/>
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</owl :ObjectProperty>
h VAR F P ANE S AE 5 R &SRR IR S5 IR S5 S Bz R & BT U
S THEL AT f#RE (Computer-Interpretable) [F iR E 2. X HLAEH OWL-S[49]
FFERS IS5 AR A . EAR OWL-S 2 HiW H T Web Services il Semantic
Web BFFTR0EL, (HIE OWL-S #2138 F (R ARVEACHE BE A A R 25 AN A4 . Ik 95 4%
PRI &R FH =M & BEAT RS, 7371k Service Profile. Service Model I Service
Grounding.
® Service Profile: F T-#id 55 IR . WAt Z Ui, Service Profile i1 % ik 55
fan Nt (RG0S BE IR S5 D RE IR A, $e fH 45 JE VR 2 Ik 55 P A 11
FE MRS R IR A e o) LA K T s A I A g 12k
® Service Model: H TR RS A BSFE . WAk /2 Ui, Service Model il i 45
HH R 25 AT I R B I 4 ) DR S e U AR B, A R 55 (1) Ak B ek
Fio WSS TH 2B 5, Service Model [A/EFIAARIIAE: i) FEATIR A 0HT
KA 5E MR 5 7 10 /e MR 251 B 1)t oK 1D) T8 B2 N IR 95k 58 ity S
fE555 iil) EMRSS BOE P AR S PATE A FZ 5& 155 iv) I\
PR S5 F AT IS AR
® Service Grounding: Tt B IR 2571 9 8 U 0 IR S5 IR SE IR 40 71y . 7Rl
Service Grounding & SRS 1 TR H PPN T SR X DL IR S5 2 1 40 1
T A 55 A8 H kR R A FH R g 11555
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Provider Consumer
r—=—=—="="="="="="="="="=7"7, [ r-———"~""~>""~>"~>"7"77777,
I |
I |
I |
[
| useService |
Platform L. ; Service :
[plat] provideService [serv]
p I useService, '
I
I |
I |
| |
i

presents describedBy SUPPOrts

ServiceMo ServiceGro
del unding
Care Extended )
Legend ;
2 Ontology Ontology ————— owl:ObjectProperty

Bl 2.2 M55 SR SC R K

ServicePro
file

HI OWL i 5 % IR 55 S AR R i id Gl List 2,4 P
[List2.4]
<owl:Class rdf:ID="Service” />
<owl:Class rdf:ID="ServiceProfile” />
<owl:Class rdf:ID="ServiceModel” />
<owl:Class rdf:ID="ServiceGrounding” />
<owl:ObjectProperty rdf:I1D="presents'>
<rdfs:domain rdf:resource="#Service"/>
<rdfs:range rdf:resource="#ServiceProfile” />
<owl :inverseOf rdf:resource=""#presentedBy” />
</owl :ObjectProperty>
<owl:ObjectProperty rdf:I1D="describedBy">
<rdfs:domain rdf:resource="#Service"/>
<rdfs:range rdf:resource="#ServiceModel"/>
<owl:inverseOf rdf:resource="#describes"/>
</owl :ObjectProperty>
<owl:ObjectProperty rdf:I1D=""supports'>
<rdfs:domain rdf:resource="¢&service;#Service"/>
<rdfs:range rdf:resource="&service;#ServiceGrounding"/>
<owl :inverseOf rdf:resource="&service;#supportedBy'/>
</owl :ObjectProperty>
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2.4.1.3 IMESE{K (Environment)

PR e 23 TA) TR AN R BE S A AAT AR A, 388 2 A FH e 55 ) B A 05
& LAt ] AT AL, R B R O T SR T A R R A B
IR . 280Kk U, ERMIE T, —AAE B RER g, il bl
TR L LI 5 AR SR A8 B = DL 20ik 31 35°C, DRt P Ad F B £ #5717 1) PDA
FEGI G5 m s, = N AT R . (HAE, AFAER A Tl AR g s R]
INEE P AR RAE BORSEZ T AN B an il 1) sl I 31 i 20t #02 A FH i
MELH P Rt i B ok, 5 P s sh B % sh PEAR SR IR 5615 B A B0 A
SR FHREEAE . B, AT RS9y = A7 7% (Location).
ITE] (Time) FIIAEEIH LS4 (Physical Condition), WK 2.3 iz,

P [a;:':a m interactwith 3

existin existin

Environment
[env]

hasLocation hasTime  hasPhysicalCondition
IndoorSpa™> e * temperature
ce S h..... p Pressure
..... p humidity
OutdoorSpy deeeas p lighting
ace 4 ... B nNoise
Legand Core Extended —_— rdfssulhclassﬂf
Ontology Ontology — owlDbjectProperty
------ » owl:DataFroperty

Kl 2.3 MEESLARISC R

hysicalCo
ndition
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AR Y FH A AN [F], o7 B S 4& ] BL 43 24 IndoorSpace 128 H1 OurdoorSpace
TR, AR =N R E S LU AN R R B S . IABEI ) A
- (Physical Condition) 7E% eSS N & il g . . <k, 6
WL RSP ZHE R

7 AR ) 2 PR B 5 SR M A TR A 2 A ) 1) (1) s o AFr 43 HA 1, B
LA HAT S B E AT SRR RASE € PR Ao AN Rl B8 SR AT (1 2l
Z IR REMSE (Conflict) [WWIHE, HIAIFER ReRKmH, BN T 1467
B R HAT DU B P BAEAE DR A 9 A ) A% TR 0 A7 T e AL 381 P 485ty o7
IR IE T, XA EAS B A4 7o Uiy, 5t SR B a8 3043 1K 2
I (R AL P BEAT W45 B A HEBE A RE VR T T AT RERIAL . 5o, T BB
A RBEEAZLR, REMFAAES (existin) HEEH . F 2 W& E 5 )
& (Platform) B RIRBOAEEAE B

2.4.1.4 FEEAEIR (Activity)

WEAE B R e rh N 2R, FlinfE R Re s =, 1P
AL RAES S (engageln) HFNIEAEMATHISUEES . WK 2.4 s, %8s
T RGN R (Status) . HEE (Attendee). s (Location). #4f
i) (StartTime) A1 IEH] (EndTime) %558 ahsidn] LA E 2524
P WUE %3 (Scheduled Activity) FIHEWT 7% 2N (Deduced Activity) [42].
Hep, TUE e s — 2 E S (Meeting) Fl_EER (Class) &5EFisb -kl
HELr 0353l ISR E T CEl . s AR AT b AR D HS AT LA
FEWOE o Ty RAEWT AGTE S T I 5 B 5 RS EAT I HERT, BT — @ A
BENE. LR BESE T A b AT U B, Bdl Tl 25 1 v A L 0 2% b A% IR A
M SR D ZT PR RANLEPIRESETT (On) RZS: i) Ik &%
S RTIEFH P IEAALE R T R b A by i) A7 B AL A AS I B0 & AE AL A]
VG LA, BATHEWT M 24502 5 B3 32 & Al (WatchingTV) . HI@ 4
KRN :
locateAt(?U, sofa)

Alocateln(sofa,VisualRange)
Alocateln(TVset,VisualRange)

Astatus(TVset,ON)
= situation(?U ,WatchingTV)
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Service usesService engageln
[serv]

Scheduled
Activity

OnMeeting

e

DeducedA
ctivity
Core Extended
Legend Ontology —{= rdfs:subClassOf

Kl 2.4 TEBSEARISC R K

é

2.4.1.5 SR (Platform)

BREE B I B vt H 2 A H P Re g 3R J7 (A8 H rh o7 i) 45 B RTR I
BLEI IR S5 K e s b A7 S T A 5 AR M, 3R 2R 2 g 2% (AT A\ 5K
PG IhResc . il 2.5 Pios, e aeasih, WATAAFE (Platform) S
PR T X6 & A (Software) SEAAFIAEA; (Hardware) SEARIHEIA
® Uk BRI SEAR: Beak IR SEAR B AR U T RIS o e A

(Middleware). #4FE R4 (Operating System). FEfUHL (Virtual Machine)

o FAE g BRSNS, HINAE T D W& R T2

BReR A R 25 e i, 75 AR R 55 2 H 75 A IAZ AT I AR A D e A2 15 ik

SRS DIREMN TR+ 1D SEHLESF & B AR & N s E R A & 2 1

Frixdisk. 28kul, HEIR = RF T KM Smart Platform[7]1F 4 32

FEIE TR R BL A 0 B TR A2, IR 45 /& 7 Smart Platform FIZAT 1 Agent

P iy, 2T Agent B, LR LA Y HT & FIZ4T 1 Smart

Platform J& 75 3 ¥#1% Agent [1i24T, K24 PC A1 PDA F3i24T 1) Smart Platform

AT B AN .
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® ek BIREPE SR FATTE SO AR S 5 1) M LA 7 i S AR
BERIPERESAEE, i S BUE oS B RS A7 R A H RS
H L, PERES BN ] v e AR FIRCE,, B0 CPU M. PWAFIIR /N
REAEAAA AR/ S R R s 58 DA K Rt R RE S . IXERREF 1 RE S HO T 12 30
B F AR L, POZIEERES BOE kg T N RSS2 5 A %
B bigdr.

Service ) ) Platform ) Environment
provideSeryice axistin
[serv] e % [plat] i [env]

hasLocation hasTime

o
Multi-
Agent
Middlewar :
e Device

secccPpame . » modelNumber

.....pediion p serialNumber

..... » version <+« - . p manufacturer

..... » OperatingSystem v v oo e productionDate
..... » CPU

PR et » MemorySize
Legend Core Extended > rdff;:.bi‘:ssm IIIII » storageSize
O3 2 roper
COntology Ontology —_— i perty | g et kBt
» owl:DataProperty

........... > powerCapability

Kl 2.5 5 SRR

2.4.2 RAK

P AR (Extended Ontology) &R #EAN[F KA H 4L (Domain) 4 fé#%
OAAE, 58 SCUSAH G ARG R e . 28Ik Ud, A% e 280 B H &t
FH P AR A CL R AS [R5 07 2R BUMASAR R Sz AR AR, S A AR AT 3 g A
Az A NG AR 2 A, ASRIR A ) 20 B T F Pou B RE A3 R R G 4 THIAL . 2L
IR RE A E TP AL T = A, AT LA AR AR ), PRI S R s A
S CARI M I3 1) s iy ze A 2 AR vT e Tk A AR AR A U e A
R REAAR T T2 AR AR AT s 1D AR U PR AN [R] K A A i
AT 2RI R 53 R0 -9 I B e R R S, R S A A e R I 3R n 28 S sl AT
FIAARRIAT; i) s AR AN PIL R, RO A I A7 Ui 3 == 1)
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AR, AN RIS FEAS A2 TR R A 5 A A 52 [38]

2.4.3 FAKERIXRR
Zr bRk, RS RO ST S R A’ 2.6 B, 7 (User) #EA
BREZE B J5AAAE T Cexistln) B HEIAEE (Environment) 1. 24 H 725 (engageln)
YHTIES) (Activity) B, H PR (useService) 4 HE= 7] f 4L (1) 25 Fi
5% (Service ), 1M iZ Mk 55 & B8 fg =5 18] 1 19 °F- & (Platform ) Jir 42 fit
(provideService) ). 4 H] 7 75 ZAE RSN, W Za i 51 6 #4748 1
(interactWith) A REPAT FH /' IR

useService m

engageln
: : Environment
useService existin
[env]
interactWith

provideService existin

Platform
[plat]

2.6 FAEAS ] FPAZ L SR TR 1R R

25 AFENE

BREAERIN A TE . SRR BRI A L0 B A, JOE 1 RESS
Bl R GEL AL — D ITBUR 3 AT R GE . AMAF A IC =S A A A Ve 1 B
REME AR Ly gt I8 A e 0 Io) rp A AP SE AR —— 7 o g5 IAEE. BART- 6 2]
MIOCR, AT SGROE T8 B R BT 1 ik, a2
AR Z AR W REA BB TN, R R AR 1R AL I il 5 4k
B REZE 0] (A% AR LS AUAT DR IR AR, IR A PSR Z B (K &R
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2 T L TARKN S E RS

13 R G RE s REAR J7 U HeRe I (AT 55 S A o AR AR AP BEAS 1L AN 7] 10 51 A
R RE U P R A RS AT IR RIA R, Rl 3= E ] .
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E3E  ET N A EIEHEIEH &

55 S5 4 B I B IR AR G 1 T AR AL, TSI BN R S 11 T e eI B 4
(FISCRF[38]. AP IRATC &8 3], B aea mm st Hbr 2B e A P
37 WA A e 2 [a] vh i M 45 AU E S B0 U, I SR B e 1) SR G ANV e % HE
e 3 e N FH B R N T K, B e (R EOR R R R R R RERE <IN P I
sk, Eshh o P SRS AU A BRI, BEM AT (Proactively) A H P42
P I IR SS o DRI i 2 1) 2R 00 Y L 4 ARARS > i FH P AR B 58 0 U050 ) A7 5 ok 3R
R e 25 [A) TR A AR 1) oy S5 08 S0, gl Ul B A 2 1) 3R 0 Y. 1 L 48 17 B 4 2 ) e
77, JERE BN BEIA G rp 2% A S AA (R 1 B B IR AR AE i 2R U R, Hep
BT RN () 15 58 A BT S 1 Al B h BRI U7, AR AR TR AR I TR
A B AEBEALH o

ARFES g MAG BT HERLIR & S0, AR el W B0 1 A0 2R 48 HE B ) N FH 75 SR AT
%, WG AR KRG B, S5 TR J UM TR R 4B 5 | B 1
AR S LT ) Y 8 2% 1R N (R 7 49

31 [FIRHEEAENX

BREAS ) vh R B B R AT A S R, AR R NIRRT e A ] ) 1 B 41
PRZAT, FRATTE S 2T v R f 2 R S FH R A7 B4 BE K FEAS VR E o

T8 1) 3 e 25 A) N FH R F5 55 HERE (Context Reasoning for Smart Space) &5 M
B BE 2 B A AE 135 PP 55 2R U545 B (Context Data Source) 4558 5 2% [H]
PP (User) PN P AHICIINH (Application) IS B HEE L .

XL IRATT T s A S B A5 R S F P SO AR S Y ) SR IR
B IEWEYE O S e R AT, B R RE A A e AN E A . RO
ARG, AR G B2 SR S, AT th 5 1 AH
KEE 5 7 ORI Y AR OC (A5 BAE A I Be 15 8, A RESE 9 g 2% (A R G0
R P e, 280k it, R ReE =T, FBOmmar &5 g — M
TS S, PR A S e A 0 BN A 02 A R AL, SN U R SIPIR A 7 AT
HEm Ay SR A H RS, Bl IR IF e, R RE SR BUNIE N =
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&, BBEINEITA N E 0 B BERREE S MBS T URR, whiEdEG b
B, RGN AR PO B . XSS G S B e ae s m b i -
A5 P A OGN B RETFIR o an 20m iR B A S FEIBCBUm o SR Y H A
FOMYF 6 BT K A B8 B 55

ARG BEHERE R 8 SC, FRATT 1 AR bR A7 B Bk Bt oh il S 1 B A5 IS A% B 853
HEHR AL TR 2 A S RZE B HE (Low-level Context) A7 Z 4515 5
(High-level Context)o 1% 1588 A& M AL I a0 A 50 AT o TR 3R A5 ) it
SRR, ) E R R AR N 7 SRR 1 5 P RO P ORI IR B FH A G 1)
5B WEHER I AHEZE ] 3.1 o, LUEN RGN, W Ef R4 (i
4 RFID. GPS @A R 40D RIUH A7 B A4l <24m, 10m, 8m>, Ze3d 185
HEBEALE] CHanAAbRmipt 240D 33 H 7 A EAE 3 X 526 B3 laI{E &, FHXT
TR ARFRAE Bk U, HERE A AL EAS B A By (S ) e 2 TR U R,
FErb B 04 FH A& AR AR 28 G 2067 18 A Jay e R IR SR e A

High-level Context
(e.g. User Location <AT
ROOM 3-526>)

J-\l
Context Reasoning
Mechanism

Low-level Context
(e.g. Position Coordinates
<24m, 10m, 8m>)

P 3.1 g BB R A Z A e 2 A S B A

X HL A HEAR M (R AR R 1Y) A A T ) AR ARl 1) 15 B A B R R PR A
DA, G I T U PR B g2 A i I e 2 i) i S B g A PR A P O 26
FESERRAIACAE N, B SO R A T B HEH A B T sRANE 55, IR St 2130
(R B HE P ) BT HE SRS B0
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3.2  ETHNaYEERHEEREAN S

T HEEE (Context Reasoning) X T-REANE 15 B0 2 4 K 10 /2 35 2 1 41 il
gy, BRI RGN D) R Bk TG B ELN SR . R I BT A R G, W
Context Toolkit, K X R IFRFRIIES (W Java, C++) K ilfh i
PRI DIRE . T 100 B R e B v i 5 AR 1 )2 EARE T RS B AR e i) 52
H, AERAERIRERIR)ZE iz RIREE JI[35]. DRI, A SR FE B0 U0 1) 32 4 4
PR 7R S B AR B R, DRI 28 TR s B R A s LA
P

® LA IERIN BB R FE 1000 i i e P B AT 2 e R

()1 BEAE R ROU R oAU, XA RS R v 2 I HE B 4 S A2 1 D Re
SEILHAT 70 B o TR AR S DU RESC I 0 2, — ELIS BEHERE ) B
Ry st AR Ny, IR H e B85 N 3 5 o I HE BN, AR
BEHEAT KB I FE G A I LA

® LR PR G RIHE R AT R S I o BE TR PR HE R TV O 2 A

T AR 0 8 MRS TR AR, A9 Trn I PR R 2% ) 55—t & o th4h,
H AT 220 P B R S5 AT DL A @ B AHE B ) 50, Wl an 56 T4
RZHE (Description Logics) 5L, 3T —WMMFR 2% (First Order
Logics) M77i% 2ET DI 4% (Bayesian Networks) 7715565,
XRTTE CA R 2 FTE 40 B A Tk 42 4 2 1) 5 )% R 55 1) i [32][42]

3.3 ETHNRIBEHEEMNES

ARG S PRI F R 5 SR B AR PR A 55 5 ZEAAR A P A T — A2 5
XA A A 1 55 R AR 5 A Ak A (7] (1 B ] A5
SCHEN R HEEE o

® LT AMRA RGBS EHERE, R ORI “AAHERL ", i TR RE

23 ) HRAN R SEAR B R AR (R 7 ik 37 i, JFAIA] OWL ¥ 5 25T 4
R, BT AR A R B A5 JEL 1 HE R I R 58 AR A TR e A
AR R RGE AT AT S R UE AN R 1 IE A PESEAE 55

® L FE SO RS B HERL, R SRR ¢ E e SORERL Y, TR

S5 B ANTR] R N AR SCIRIZ AR N A HERE . ™ m] LU Sis
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FH AU AN [R) B AT VS I0AEBEATL A (R ), 338 0 9% R ek MO B e )
HAN R SEAR AR IR TR R4, 8 SCIRNMORUE T 1 58 HEBE ) 3%
PR S8 BEE[42] 6

3.4  RUKHEIBRY S HRFIR A

341 AKIKESHIS

T B B R AR SRV ERGE S, w2 LUE D, ARTES
() C++. Java S50 A5 R gmFETE &« XU mJ0E 5 @RI H & 2 x5, R
JEA SRR G S EPE AR TE T A H R AU AR () 8
SR A X A S P A R AR AR B o AR THE S BEAS G G 1 B A M0 B
P ) JE A 201, P AEA AT 3 A A ]l aa e — A PR ok e
M= AR S ZEAG B L g M, AR5 A T 8 e M 25 3R () 4 RO

MASAAHE R0 A7 B2 O, BRATTIEREAT AT OWL 5 5 SR 4 i 2 5 2% 1) b R AN ]
S, AR ) AR AR R0 ) FIHERE 5 % B 2 AV IAS P AT, BRI 2 e
R RS SEE BT R, SRR s, N FHIT R . OWL 5 75 4%
Fik MR =R =4 7S OWL Lite,OWL DL fil OWL Full. 234t OWL
Lite, &3 OWL Lite FFAIK T & CRGEA L 7 JE 1R AT Ge Pk AT BAIG 7 HESE IR HE S
1 56,0WL Lite 23 7RSSR AR B e A0 A5 S8R 1 1) e S o T 8 17 A
RS 5y« HAR, OWL Lite ANSCKF Class (IR E CH disjoint 8 5
i35 X Class JZRINFEAR EANSF=Eph 98, )5, OWL Lite PRFIZEERR
0 ok 1 AHMAE U2 25N LR . Rk, OWL Lite RUEPME TRk 77,
R T e SCAR AT LI P &, 0 58 78 2 T R 36 T IR S AR R (g4 2 T .
DRI, A SRR ] OWL Lite /5 4 ARE 5 HEAT STAR A .

3.4.2 ZR{RAEIERINY A

X HE T ARRE RS AR HERR UL, JEAR N AR thgr e IS B R
SRAFIRE BRI, AR AR AR | D i 2 2 o A e SR 7 B
(K3 U R A BEHL SRR AR, 5 R RAT B (0 O e S A
FHASAHS B AN, DAL 2 B 75 18T 1 8 3 22 1) 2 PR A AR B g W 75K A
RENE AT R I A ZAHE BRI o A PAHE AR e 25 18] B HIAT 22 5 T AR = AR
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o5 3w LTS B AERE AL

MR RIS AR Rl A RS UE R IR A IR PRSI DL R i
M B3 D AARSEG B AR 18, 0 List 3.1 Pros:
[List3.1]

<owl:Class rdf:ID="User” />
<owl:Class rdf:ID="Man’>
<rdfs:subClassOf rdf:resource="#User” />
<owl:disjointWith rdf:resource="#Woman” />
</owl :Class>
<owl:Class rdf: ID=""#Woman”>
<rdfs:subClassOf rdf:resource="#User” />
</owl :Class>
<owl:Class rdf:ID="Parent”>
<rdfs:subClassOf rdf:resource="#User” />
<rdfs:subClassOf><owl :Restriction>
<owl:onProperty rdf:resource="#hasChild” />
<owl:minCardinality
rdf:datatype=""&xsd;NonNegativelnteger’>1</owl :minCardinal ity>
</owl :Restriction></owl :Class>
<rdf:Property rdf:I1D="hasChild”>
<rdf:domain rdf:resource="#User” />
<rdf:range rdf:resource="#User” />
</rdf:Property>
<owl:Class rdf:ID="Father”>
<rdfs:subClassOf rdf:resource="#Parent” />
<rdfs:subClassOf rdf:resource="#Man” />
</owl :Class>
<owl:Class rdf:ID="Mother”>
<rdfs:subClassOf rdf:resource="#Parent” />
<rdfs:subClassOf rdf:resource="#Woman” />
<rdfs:subClassOf rdf:resource="#User” />
<rdfs:disjointWith rdf:resource="#Father” />
</owl :Class>
<Mother rdf:ID="Lily”>

A1 H OWL T 5 € X T B RESBE T 5K BE i 03 (R ] S AR, Hiad 1
7NH: User. Man. Woman. Parent. Father f1 Mother, —J&%} hasChild 1
ASEf) Lily. H:p Man. Woman 1 Parent # /2 User [ 72%, Man F1 Woman %
HAZHE Parent DA% 4 /DA —A hasChild ¢ %R . Father /& Man FlI Parent [1)3[H]
FJ%, Mother & Woman. Parent I User [fJ3L[F]-7-2&, Jf H. Father A1 Mother %
HARE. BJa = H—A Mother 15241 Lily. XA LAERGEXENH T H
HEMEM, P E BRI s, B RS A R Ge ikt P AR IR oA

44



55 3 F BT RN AR HE R L)

P32 HT 7 Gy, MRS 7 AN R B 4 o e i FEA A T H S, 5140 Man
— B R B R 1 25T H , Woman — R ERISCE I SRS EE S H
Child — 5 MWCE K375 H, Father F1 Mother 7] LU i 5 43425 Child 2% 1F i
Gt XAFRRPDIIARTH .
N N MU EERY o]

AR TR P SRASIN (1) T B P A B ST IE RN . — BURIAER, DM HEFEHLAE
i I e S R S P I, AT ASE FH 35 4 REAE A A b 1Al (9 e v S48 B
fdn, WA List3. 1 _EIIAGA R List 3.2 Frosif)E i B Lily +2& Man (K524 .
[List3.2]

<owl:Individual rdf:about="Lily”>
<rdf:type rdf:resource="#Man” />
</owl: Individual>

H T Lily /& Mother 15541, Jf H. Mother /& Woman [, [ Lily 2440
J& Woman, X [HJ4 Man Hl Woman %4245, FrLlHEL T SEBIRR B,
PRSI 1) 36 A 20 BB F FR AN 2 IR 7 (o] DU RN AR =>4k 5O
B FHAR Q= AL AR HE B mT e AR o S B & A I, Asrl A () o i
EHE— R HEB L RS B2 BN T — 2K, HBIRAE A Ty
58 IR A9 R Gl 1o B K, iy HAEAAA R4S R I R e AN 1K A2 AL
FEI0_E S R GE ) i SR A AR AR L W B, HEBEAL A TR UERCR ] I L%
|13y S A A 2 A5 A o R BT S R S PR AR B
L IS/

FHIX AT 5 G AR I VA A EAR KRR B2 mi s AR B A k. Jedt
FRAER R N, AR SRR B RE . BT LA, B TR ph 5
WHORAARIE R LLAL, HEREALIC EERER Ul 8 B AR S . R &R, S %
Gk, AR, FREICRING, JFEFR N R A A 4121,
EAFAAAE N TN S R0 . 54, List 3.1 7€ X Mother A {4

<owl:Class rdf:ID="Mother”>
<rdfs:subClassOf rdf:resource="#Parent” />
<rdfs:subClassOf rdf:resource="#Woman” />
<rdfs:subClassOf rdf:resource="#User” />
<rdfs:disjointWith rdf:resource="#Father” />
</owl :Class>

H P 7 ] Mother & People [f]1-28, Jf H Mother # Father JTGACEERLZ 2 R
(1), P24 Mother s Woman [ T-2RELAIRIE People 112K, 1M H Mother 1
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Father []2¢28 Woman Al Man J2WAACHEN, WIEATHTROREEHALE.
TE— DA AT R PP HIZRIOCER, A ISFE o A A A T R A A
REBE . FESEBRN A, S8 BRI 2 18] (KO0 R AR R AR, AR E AR
IS LU SR B RN 0 R HINE 8, FIRT6 DY i SR s AL AR 45 5,
i, I Gk SRR 2 @ P 2R OC ZR . IR TE S0 2 TA] (R TR 3R 55 55
EFEAEIREUAARAE SN mT LS Gt AR RS, A3 M s
L IVNNG ey

TR e T R PR BE vh, AH DGR RAHACL P A A 2 TR] R gl S A5 i 0 2,
SRIMATH N I 7 AR AT ARG RGN o HEFIHLAE X J7 T AT LU B
e AR, BRAEE AT LUSEHRE A R AR i — L8 [F] SORES:, e REHLEL X MR
DR REAR S I THZE— M, AR List 3.3 Jox:
[List 3.3])

<owl:Class rdf:ID="Male User” />
<owl:Class rdf:ID="Female User” />
<owl:Class rdf:ID="Husband” />
<rdfs:subClassOf rdf:resource="#Male User” />
</owl :Class>
<owl:Class rdf:ID="Wife” />
<rdfs:subClassOf rdf:resource="#Female User” />
</owl :Class>
<Wife rdf:ID="Mary” />

List 3.3 Prs AR FE R A 5 —J7 & BB R, & X T Male People
Female People. Husband H1 Wife PUMMERS. A8 FH# 24T List 3.3 P Ak A
List 3.1 FrosiAAk, U 523 ] Male People 1 Man Ll A& Female People Al
Woman FJE5E0Y . HEEENLEE S B30/~ 4 W 15 B : Husband J& Man 125, Wife
& Woman ¥ 128, Mary /& Woman [¥554], Husband Hl Wife %A AT
B R IR TR

B UE VR ) TE A P A FR A 2 S AR 5 R I A, R EG0R [n]IX 48
TR AR XA GV P& AT« PTRE AL BAS ST R A e o AR AR, A
B T B A FIPUREAIM . 2861k Ud, AT List 3.1 ProsifAigk, fiiH
HEANE Lily 2 A&, HEEEPUS AR e List 3.4 Frosiffiik .

[List3.4]
<owl:Class rdf:ID="WhoHasChild”>
<owl :sameClassAs><owl :Restriction>
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<owl :onProperty rdf:resource="#hasChild” />
<owl:minCardinality
rdf:datatype=""&xsd;NonNegativelnteger”>1</owl:minCardinality>
</owl :Restriction></owl :sameClassAs>
</owl :Class>
<owl:Individual rdf:about="Lily”>
<rdf:type rdf:resource="#WhoHasChild” />
</owl : Individual>

MG A AR RA R O A 4R, 5 Lily & Mother 5241, 572 Parent [#)52
%1, Parent A hasChild 5%, 54 WhoHasChild (K144, EMHLELIR A& E
(RI25 2,  MITTEIE AR ) IE A

3.5 BEXHWHEER S

FERRE A (M NI s TFACH BERE AR AN R R 2 37 35 SO AESH H 5E
SORMIHAEREZ 17, BATE SCHAT R — B2 3 R GOR AT I R K,
SN W SCREUHERE R V5

351 ET—KiEimZEmMERERTZE

PR 2 T, AT LR annT K F AR 1) 7 Rtk B e 2% (R A7 A5 (1) AN 7]
SR, BT RS WS IAEER S SENES, X BT A ) )
] ik — R PRI 5L . 28R U, FRATTC Al AR IR T FH - FIAL B 1
MRS, SR AAAR 1 AT TV IR “ AR AE FIT 3-526 Brla] 7 ()55, Horp “%
AR AN, “FIT 3-526 F51A) 7 A BRI — s, Pl i
TATRH — B @ 4R 7 VLR IR XA 5. — W iH 1 4R R g A TE 2
Predicate(Subject,Value) , Fr:
> SubjecteS’, STAEFIELAES, il User. Location 5.
> PredicateeV", V' aZif %A, 140 locationIn. hasStatus %% .
> ValueeO', O ZFiEMEIESA, 14 Open. Close. FIT 3-526 %%

A —Br 825 R G0, TRATTREAT 28 B B2 1] R AS [R] SE AR 2 18] (R A 5%
2, PN RERE T I BS54
Lo RIS S o R S T AR IR SR IR B B s Ve S IR BRI 30 JE7 I

SZ, R —F s a2 A1k & 7~ 4 temperature(Bathroom,32°C)

2. EIEAL RGRAE S EGE “Lily 7R E” S, g EIE A
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{¥, 2% 7~ A locatedIn(Lily, Bathroom) ;
3. AR Lily B9 TAETHRIFIRAFIE B “ Lily #& S sl ” igise, A —Frig
AR RN
cook(Lily,Food 1) v cook(Lily,Food 2)v cook(Lily,Food 3).
M BRG] AT AT AR B 1 20 S R i U 08 4R R R 1) R T 3 S
(AtomFact), 3 JeF|HIERZ (Bl ) KRMEAFHSL (ComposedFact). 73
b, BATFEREREWE A OWL i 5ok 3R7n iR G BE 9z, AN A 175 20K 18 7]
¥R OWL iE S i EYE. FRATLL “Lily fE3 =7 A, 58RI AT OWL
S HA Lily MVA SIS, RIGRE M KR, W List 3.5 Firs.
[List3.5]
<owl:Class rdf:ID="Mother” />
<owl:Class rdf:I1D="Room” />
<Room rdf:I1D="bathroom” />
<Mother rdf:ID="Lily”>

<rdfs:locatedln rdf:resource="#bathroom” />
</Mother>

1% B 438 Mother F1 Room P {M# 2, Lily 1 bathroom 431 /& Mother 1 Room
(15241, a8 e e X rdfs:locatedIn Ffiids AN SEAF 2 [A] [ 90 &R, SRR IA “Lily 7B =7
k.

Wk FRHE, TATAREA AN, Gl P ] R GO 5 ST
TZNEZ 5, ] P AR R A RE 2 28k Ul AT AR — MR RER E ) —
Ny, I &ML AR 2 B N T AR 1) Lily ARER T Bk I,
2T I AL EE B b ki, O B AL IE AL TR IR, B4 Al 14 BE AR
f& Lily HETIEAEE B AR i B R T IR A H I S B i, X2
92 BRI RIMIRAT G B e AT LAt Fd 0 P R o A A4
SETATE E SR, SRS B e SO A 7325 15 2 T T2 i) B (14 1) A

3.5.2 BEMXHNHEIES X

F P B SCIUN HERE TV 2 80, 1K BAA I o e G 77 e
LB AT M BE 5% (Forward Chaining) F1AAN7E B 5 ) #E 57, (Backward
Chaining). JHZEVE &N — MG A, AW LS &5 18 (Bl B
ITIRE RN o MIHAEN R MR B A, ANKTSSRAF S R R =5

F P B E SN HEBE R G AFE =N MUUZE (Rule Base) TAREAF M
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[X (Working Memory 8§ Fact Base) FIHEEL5|% (Inference Engine). HZRVL

(Forward Chaining) — 8% RETE 5.14[44], J&3%E CMU 1 Charles L. Forgy
T 1982 A W H B RCE Be 1—A> Forward-Chaining RS, HAZ 0¥y
VL RC IR A A B AR IE VL RCRY,  BLIS 21 25 PR AT S R O . A AN
TEYN i B Forward Chaining A1 Backward Chaining [1JJ3E A4 JH 2

F|F Forward Chaining f1 Backward Chaining 553, JTF R & BT R 250

IS FH AU IR TS 5 S R0 ) S DA, DL S I 958 R e R G ) R e
N HZs tH H EBNF a0 7R B e SN

Rule := bare-rule,
or [ bare-rule ] or [ ruleName : bare-rule ]

bare-rule := term, ... term -> hterm, ... hterm /7 TEERE I HEF )
or term, ... term <- term, ... term /7 VAGNTE I HERE R )
hterm := term

or [bare-rule]

term := (node, node, node) /7 =R
or (node, node, functor) /7 ¥R oudIR
or builtin(node, ... node) /7 PR
functor := functorName(node, ... node) /7 g
node := uri-ref // i http://foo.org
or prefix:localname /7 i rdf:type
or ?varname /7 B
or "a literl- 1/ PR
or "lex"~typeURI /7 NS
or number /7 B

LAR BES B N 37 5t 0 R A RS, R I 45 311§ Forward Chaining #fE
R HE R A 5
Lo R B AL EAE ST, JF BT BUBCE AL, LA TR
AN, AGE R IEAE A AT H

(?user, rdf:type, coss:User) A
(?user, rdfs:locatedln, ?drawing_room) A
(coss:TVset, rdfs:locatedln, ?drawing_room) A
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(coss:TVset, rdfs:status, "ON%)
=> (?user, rdfs:status, “WATCHINGTV®)

2. BN = AL EAEE B b, OF HLE B BSCH HLRENT, R AL T OIR
AN, ALE HL T IEAERER o

(?user, rdf:type, coss:User) A

(?user, rdfs:locatedln, ?kitchen) A
(coss:induction_cooker, rdfs:locatedln, ?kitchen) A
(coss:induction_cooker, rdfs:status, “ON%)

=> (?user, rdfs:status, "COOKING")

3.6 (BEEEMIZITSSEI

ESC R IATI S IAE B HERL R 3L, DAL R (0 1 S5 B A AR T i
ASPRAEEAN B 5 SO P HERE, ARG 45 G 1 R0 PR 5 S5 4 B 1) e v v
GEPSIND S MIeS

3.6.1 (HIRHEIERISKIRIE

TSR BE ) SR TR T LU I &1 3.1 Fros BPIRAS B Sl Bt .

DR MBS BT RIS B &, IFRIAMART OWL 5 5 X i858
e B AT

AR BRI SR BAEA GRS, T ReAMEGR AT

DR = PRI G BRI R A W S ERAT O, I A RIS B e B,
RGBS B CRRA T BE B, WER I 55 BB AR, A5 WK 8
(RIS A IR PR 5 | B A TR 8500 S HERE

ARV : H AR R S0 LI, R 5 3 A BE 5 | S A 1A T S e AT 2
P2 A A OBT R 552 1

AR WEEHE MR, PRUET S S0 B EA .

AN MA RIS B ORI SE EO BRI, H A
FEMCPERLRE, A5 45 A BB e .
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Acquire Store new Evaluate
» | Contextual information Context - Mew knowledge
Information into KB nowledg \

Select
- Reasoner
P
Knowledge No new knowledge
Base
Resnllve i B e On‘tolohgt,r Interpret
Conflict Validation Context

Mo Conflict Detectad

.4—' Commit

K 3.1 RS SRR SRR I

Cantext Rule l

3.6.2 [BEHEMNIMITE

PR B H A% OMT 55 R AR PO HEEE AN ) s SOMUI PO HERE, SZRPAS PR (4 28 A
Ko EE SCHON K HER T BAR £, 5140 Racer[45]. FaCT[46]. Jess[50]A1 Jena[47]
o T Jena BAFCUBESCREAMRENRIGHERE, XOZHE A CRHERE, DBk
4 Jena HIMEDL LSBT A FH (R 40 5 | 4

Jena 22K H T8 S0 508 UM BFSTIE H T BCR IR, 2 F T v S
I RS Java HEZLZ5 K, &) RDF. RDFS. OWL #&4t 7 — AP T R IR .
HARAUHEH T %) RDF SCAFFIRC AL EAT A0 P RDF AP I. H T-%} RDF. RDFS.
OWL 3CfF (T XML 1) dEAT AR AT (AT 4% - RDF BB (R HF S PR AA 0 7 56
TR RIS AR 5 TR HEERNL T RS H T4 Ontology HEAT b BE A5
YEff Ontology T &%t F 15 B4R 1 RDQL Arifjif 7« Jena X L6 Bk 7y
TR TR SC BRI 1 SORY 2 Hh % ] LI B B

XEIKG UL Jena UHERES |3, Jena $24L T T AU AHEEHL (W1 RDFS
Reasoner. OWL Reasoner %), 3% T — M HERLDIRE, LAMH Fad vl LLA 26
SO HERE S B . Wil 3.2 B, AEFALA AR BB HEFAL WL 5
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K RDF = iR ({5 E%YE) Fl Ontology (nJ k) sl HHELLAL, i bbHERE
HLUAT DR Bl A S HERE LRI A %F % (Inference Graph, InfGraph), 7 Jena H,
K (Graph) HAEF AR (ModeD), MRIEA ARG (Model Interface),
SR J5 1] LAd F Model AP 1 Al Ontology AP I X b AR BEAT #AE RN AL 2R, T S
W SZ TR B

ModelFactory »=| Ontology/Model AP
Find
Y
fal 3 BEBIL S T
i )
A
Y Create
ik ELHL: B — »| #F2HL (Reasoner)
Bind T BindSchema ¢ nfik )
e e ST AR (Data) OntologytE %! (Schema)

Kl 3.2 HEREHLA TAEHLE]

EATH “HEPEHLE N G AL I e, A =FhJ7 2CnT DA
1. ffH Jena HAFEET— MM HEENL, F-245 RDFS Reasoner F1 OWL
Reasoner, [f)iSZFF DAML. 136 LU= FEAL ) HE U ER & 35 T — M FH & 1
2. AERZET A S I HEREHL o HEREATLIR) P32 AR 4 — 2 i A A AL o3 s o
FEBEA N (1) R T SR BE 8RBT i A LA 455 ) BB 5 1L )
Ji B 5 | AR A R 5 2
3.0 AEHEB=J7 AL, BR T Jena HAYIAERIHIHLEIZ Ab, A7 HoAdw] AN
PIAEREHL, IXLCHEBENL T LAY Jena HATHEMG, P T Jena M5, FRZA
I RN PURUI A BI04 DIG FiRIZ AR 1
ZR EPTIAR, Jena $RML 7 A . RIEMHEBENLEIA LI, R R T
AT Ir) AS AR AR - 5T 0 U (10 5 455 2L ) R
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3.7 AERENE

ARFA G TR TR B HEREL A BT BT 4y S B B g — ek e
S SR ] R0 (R 55 B HE B (M P M55, 3% R ORFRAT T i B4 B2 1) 7
ANFEAE BT T VRGN 0 A Jerb S A SR A A 38 (1 S A 10 #E
B, AR AN A N AT R T B e SORMTR SRR, DLSAR S I HERE AL
il feJr g TG BEHERR K S ARV EE DAL G SE I LR,
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4 T Ie) B 2 T T AR B RN AR 4

FA4E HeTEPFRFERMRS

THBLA AR GOIT A ST I 16 55 SR o0 R 347 A B AR5
T SCRFIR BTSN 1 -1 B U5 R R BT 7 i . SCHp I B
FRHATF- 5 R WA 2R ) B R 5 5 X SR s ATl &
WOUR AR, B 28 i) SN T S (I BRI 55« AT 4 thAE T A A A 01y
BRI RS, RJE G B R e A = N s il H LB T
ARG BRI T

41 BFIEBRMERRRYG

411 MBEX

L5 2 Frp, AT AR e s TR R S B AS B2, A 3RAT T LA HE A g
AR ELE B R A A TERCRMPE RS . 0 TR AR BE(E B, BT
SHAR GUNEAZI AL AT PR 75 5K [20][221[43]
> SCRPEEUE R 25 . B RESS AT B A KR LIRS B, TR
KRG B 2 I RHIRR (A% S Bl 2B A T8 SCAL IR RE o 9
ML AL KA 2R S 20, 1 BN R GUR BB b e v SUE B hoE
20 15 SUME B2 B2 20 SRR DRI, IS BERGN R G AU R 85
R B MmZ B I6E, K2 I8 Ao AT X 245 8
> SR EEEAR A G e, BUE . AR B, AR A R G Y
KA ARG, s S dis B I o A PERr Ik, e R EeA
AT B2 R AT AL B0 By, SRIBOG B i 2 m) b P AR SR 04 6
RIG9E R G W] FHTE, AU ZRENS & e A A B s, Bk
FAABFIAE B AE L

> SCRPRET AN E P T SR R 1 B AR R . AT s v R A 1) Rl
AR R, Bodls HAT AN 5 PEABORIPE IS il BUEALAR I a8
B, HArSER S IEENT AR T RE RUEAAL RS, Euliad et , ]
KBNS FHERIE, EALRREEAE 10em DL, (H2X THash ik
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Kit, SENREEEAE Im Zify o AERRES R SERR R I, X1 A7 &
FEEAREEN . AR E AL RGNS I8 s 1 P BT E AL, 3R
P BAF DI e TR AR IR AMANE, e A RGER KSR IGL
W R PIBRAAT M, 23 ) h R R 00 22 I, 8 6 3R 40 HH 4 32 i i
BRI IS, XN A R E AR B, Rate YA BAS B AR
ANTEIELET .

> SCERFUCHAFIREh BLHIK PrBI I 55 S it . SEOTRIHERE . T BEfE B
AR AR PO S ) S A I B 6L, F MU B A B I 2 S
[AIRISCAR, ST LARE— 2B R0 SR A R B R s a5 E . 3
AU EHE BRI ML s kAT, B B e R N B
(K7 MBS 3R o TEBLAE B SEF #GE R A R A 1,
TR LN AR G SR LA IR S ) 7 ARG B 55 5 B AR AN SR, 1E
MK S5 S A HERE .

XL HEAR L (R AR SO H 1R T i R 22 1) I ) 1 B i i 2R AR e e AT

W LRSS SR E T

4.1.2 &itEN

FEBOH R BN R GE, BTG RS0 T B J LRt S -

> G

>

>

BRI RS B B S SR 1) . R A B & 1Bt
JAR, Af43 2R G0 BN LB 0 T AT AP AR R AT A2 I 458 S A0 B FH (R AN ) 753K
PO AR (S B S EBORIHERE D BE, I FLARIE RS B RERAT
XA
i3

YA Rl SN B R ORAIE T A5 858 S R 25 (09 ek ol s Y FH 3 55
(R TC B SO AN B 25 b TR () AL s, IV B B R 4 i 08 SR IDU Y e s ) 1 FH
H R AN 1] BRI 3545 R I N AN ] R S 75 3K
% B

Rtk FRH BENH S RERS R SR Rg bRt S
BRI AEWIRS, T BZN ARG, T e DOt ae g Uy il 1
B AR SS )2 I B A SEILAL R T B2 N SRt A2 3% W 11
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O

4.1.3 [RBEIRFHELS

BAIHE T SCFFIG B AR S M R B R 8, W 4.1 PR, ZRG T
Agent SLILM TR R G, RGAMEZA T/ 4 /: Context Wrapper Agent,
Knowledge Base Agent. Context Provider Agent. Inference Engine Agent 1 Query
Filter Agent 2 ¥
» Context Wrapper Agent: H T MWAFIFE SR (o0& Ml ks, W&, i

B s HoAth Agent 55D RIURI TR0 55 I ah 20
> Context Provider Agent: FT-#li% >k H Context Wrapper Agent [1] 5 45k,

TR AR 7R St 2 s DA T iR i = A= ]
> Inference Engine Agent: #&{EZFHERL S| % (440 Forward Chaining #EFEHL.

Backward Chaining #EEEAL. Jena H#ERE 5| %440 . Bayesian Network #EEE T H45)

WG BT ST ARHERLRN 5 e SR HERE .
> Knowledge Base Agent: T ORAAHEBLIN . W45 RANA AR 20 hs 22, LA

A1 B8 24 )4 A VR RSP RS B
» Query Filter Agent: 4 2N &Mt A 8 O FEN A #ES, 1 EENH

PR e Agent RENS A ) ol T A BE I IR 55 o
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i

Location
Sensor

>

- . h i
Knowledge e Inference SN EI
Base Engine =

Scenario Profile

‘Context

% Inference
Provider

Context Store.
Context
Acquisition Context

Acquisition

|

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Legend G Agent ————= Relationship

K 4.1 15BN 5 Y 2 S pE 42

4.2 HIRBHAEE REHE PRI F B

B REACE R RES MR I, BRATISS M BB e = K
M7 Bl—— RE P HRAR S5, H B EUE S5 R AR R pe B R IR ILAZ 1 B 3 D)
HeIhfe. JATEILE HMRRE PRI S HE, A HIAS ORI Y 3 5
MRS EEE 2, B R ORI AR A BEVH RS BEHEEL IR, B m BT BiME B
AR Tk

4.2.1 IH=iER
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FATE Sezn RGeS W) rh R BE IR N I 5, Wl 4.2 Prose B 3RATT
GF, miE RN Internet 255 FPRAE R A TERL Skt TG 2
URE R OL, Wr B0 PR . A, SREK PPT $Ofilnd 85 th Wos e
R AR Ui B b o RS R nl MBS A, BRI S, SR Ed
i EXS PPT $OEREAThRE . 34k, PREDHRIGIIL, L PRA R T3k
BRI AT RAE, RGUEE M G iT AR R R, R R AU Rk BoR
SRR f)a, ARSI T el s, DUES SRR

Smart classroom
0, 60 )

= Camera ' Display
I

Lecture recording

4.2 BRSNS 5

HARFR A, EoR BAFH 3 MediaBoard, ‘& & —HH T A, BT HE
A BY Won e X P b, BUmIe T DL AR B ) ik B e AR BB Ml
H5 b2 Student Board, ZEf2%7 2L 1 SkG 2os TIX Bk b 4fbfi 1A 24 N HiE
REBEX PPT BEHHATART IR, BT B0 R 10 AR 2 A 1) SR
SRk A E R S BRI .

TR 2 AR TR R Be B = P s O, AR SRR R Al s R T
()8 Be 8 = T (A DL AE A S I [R5, DR, >4 i 2 = X AT T8 f 0 i
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TR BATR e A BAT Z R EECLHUNL, AR R
HE-FREAC S BE D BEAT LE2RAL T L BREE TR 3k o 4 20 i F8 RV T 21 TR AR
EI, BRETRES BB VI B B FRARNUAL s 17 2 O 7 SR PR B
ANHCRL IR, BRSP4 s A BBk VI B EOR R IHLAL, HIEEHE.
B RE PRI ] DUER I 2 A REACE A AL SE A R BT AE Dt 45 2UAT R 1Y)
PBUREREAT 7 B2 o0, A8 2T R B I AL B £8 2l BU R DY A
PAIEND'®
> B AR R B B, B e R R A B AR A
PR %25 BB AL 5, R 52 2 ] DOV T UM A 22 2B K35 3 o
> HUTIEAEYFG EURR. BEN, FUTRECAE SR, BERPLN %4

PHE ML

> SRR BRI, (Rl R S A R HEA I S AR R, BB %
EERRRE a1 Db 8

> Aol SR EALT A B s, AbE Rl T A e
WS

PN 2 AR R ERS, (SO BRI PPT EAT T V)4, M
o RIS AR SR TG FURETFS YRR, b R B s U A,
BRI S, 20 RO A RAE TR NIRRT, 2488, X5
=R AR SO AR XA R 22 5 By Ba, SRR UL
=R R, “HAL” Fonastigik.

422 SEISE

TR G S A 15 2 1, FATIEE R A S5 8 0 3R ke S LIRS B e B
R S AL B
Lo A B BORR IR . R B A5 BB e S, FIH AR OWL
VB T I I FH AR A T T o) SRR R R A A A
2. HERERON T o MR AN, T A e SCHEBRRR),  fRAEAE
GRS
3. BRI SS A R
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4221 1BIEE BEA

RPE EIR PN 5, AR HEE T-AE R iR 77758 OWL 1 5 R E R
Ae RN H A IS B S . X T RIBE RIS A SIS B fE B, A4S
LU
> H P stk

H B S i 5 S User Profile. fiilf (Preference). 154 (Mood)
M (Role) 5, I User Profile id& M/ H S HEAGE, M kEFid
& TP A NELE, TR tad P S S S

TER e = N, = A AN E], FH A 200 (Teacher) A< 37 4 (Local
Student) FIZEFE224: (Remote Student) 25 =K, fEFGEA =T, WAIEILHE
B P, BUNK 3 EAE SRR, A HE AN KT, wd
Microphone Array A% & 2% 0] LA I 31 20 00 iR 25 02 YRt (Speaking ) B4l Wy
(Silence) PMLRAS, Hk, ZUBPFRIIN fElr 280K, & n]T LR R ES 5,
WA N ER 3 PPT G I 12 P i sl v L 155, IIE 75 282 #H5h PPT
(SlidingPPT) FPRZS, MWAERBR LSRRG, ATLLE MediaBoard #1174
S 2], PR (Writing) FPRES . BUME 0T LAAE PR I el F2 v
AR, P EIIE A 7R B (ShowingRealia) [FRZA.

FEEBINZ G, WTFEZE B2 A RPRA . R PR B 5, ARz
FE2AAEFEARAL, #TEHEA RS (Speaking) FlZeEf (Silence) PIFRIRZAR, [A]
W22 (Writing) FPIRAS . A EEAFIRE, @A S &E T 1E
KR EAUGE B AMAL SR, AR H iRk E .

M EIR IR 3 Afrm] LA, P SO T8 e S 9 10 N R A 1 g 1k = AR
EH P EPRES (Status) FIH P (Role) Fo.
> IESAA

IABE AR T2 B0 B A7 SR IR SEARTIIASE (R BLA AT AR . 7R e T 4
N, B KRB PR, P A ERGA G A T
P EAR B B TR SR ARSI EFHE, FAE BREsh, #i—
e EURESh AR S, ERERBUN AL E A B TR EREE T, FNHPZ
() PRI O A7 B D0 2R P 5 2% 2 ) AR 0 B LI TS A S 25491
K, M EIAE W RAE MediaBoard 353 X UG, BUBREAT B R AT BedE
SEAER RIN . 53— M7, B 5 At 2 A A B AT IS, B0 ) 2 AR ) R
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O

AIRETERL S IG . B AR RE B E TP AR B I E AR RS N T, P LA
HHEEALE AR o I RS P A2 N, H TR sh 46
ML bmra),  [F AR F IR 1 g P2 — .
> EENAR

TEBE SATAT AR A (B N H I A R o 58 S T AT B RS
(Status). HH)## (Attendee). Hisi (Location). J4GHY R (StartTime) I
1B TE] (EndTime) %545 5o W58 SRR LU 850 2K TUE (7% 30
(Scheduled Activity) FIHEWTHES) (Deduced Activity). 7£7% A= N,
58N (ClassActivity) AT LA TUE TSI 7-2K . 12 BG83 8 M X
g5, A CLAEE SRS 2 A I IRES (Teaching )« #UN 5 A HL 22 48 H ik &
(Teacher2Local) FIZUN @£ HFPIRA (Teacher2Remote) &5 .
> RSk

k%% (Service) & H &I E DIREMIVHALSEAR, A HAREE X
(R4 A 58 B B SR S5 BTG Bl o IRG5 ASA (R & ) = 2 kA T M
B, 41724 Service Profile. Service Model 1 Service Grounding. Service Profile
TR NS D6, Service Model H T fif B Mk 55 1 4b B ik B2, Service
Grounding F Tt B IR 55 ¥ 28 & Ui In) 1 IR 45 1R SE IR0 o 70 R N, v
A8 SCWHA IR R 55 N FH o
R R

R A, AT K TG (Platform) SEAR$EME T X P& Hh AL & i #:
(Software) SEAAMBES; (Hardware) SEARMIFIA . V& EIREAE SR 202 4
LR AR . it (Middleware) . #:4FE 248 (Operating System).
ML (Virtual Machine) 5. V& FRELFSLAR = 2R TR B B SR 5
(1)@ PEAFE = b SN IPERE S HSE, S P hls . &S,
A AR H AR R, PERE S BOU B ] A BT E, 91t CPU ) 3243
WAEIRR /N SRR AE A R R/ o TBE I [ 5 DA J A it ME e A% . 7R e 2 Y
o, AT BTG ORI TARIRES . R RE RN I, A IR R £ 32 22
A SmartBoard. Laser Pointer. Microphone Array. Projector I Camera 5. 7t I
WG, KBRS VAL T “FF (On)” RA.
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G LT, EEXTRAE SRR, R A P USRS A R 4.3 R,
SCRLARFLA] OWL 1 b

Activity
[act]

useService
Scheduled
Activity
-+ - pstartTime
- - - pendTime
I Meeting
Activity
DeducedA
ctivity

Environment
[env]

engageln

Service o~ /Ll—se—r\

}———existin

[serv] [usr]
—/—b Profile

Service

Profile ————> Preference
----- » temperature
Service Role
..... p pressure
Model | |
Student

..... p humidity
——— Mood

..... p lighting
..... B noise

Service

provideService

]

existin

Platform

[plat] IndoorSpa

QutdoorSp
ace

------ » modelNumber
..... » serialNumber

..... p edition « ... . p manufacturer
..... » version .+« .. productionDate
,,,,, - OperatingSystem cv.a..p CPU

..... » memorySize
,,,,,, » storageSize
...... » netwarkBandwidth
,,,,,, » powerCapability

B .

K 4.3 eSS 1) B FH B3 20 AT 5 Aok & K]
4222 HETE M 7E X

AHEE TR SEHEREN LA, A DCCFRPAAIEER, 3B SR iR Ry 2
K3 8 SO o AEA BE SRR DR b, o 3Ll 1A fij 510 B o SOOI
AR Fros B, 1 SRR AT 17 % (Forward Chaining) SHEIREATHEPE .
1 HHBUTEAER R, B e SRR R L (BoardView).

(?user, http://media.cs.tsinghua.edu.cn/~pervasive/coss#locatedln,
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O

http://media.cs.tsinghua.edu.cn/~pervasive/coss/Environment#SmartClassroom)

/A (Ruser, http://media.cs.tsinghua.edu.cn/~pervasive/coss/User#hasRole,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/User#Teacher) A (?user,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/User/Teacher#hasStatus,

http://media.cs.tsinghua.edu.cn/~pervasive/coss/User/Teacher#Writing) A

(http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#SmartBoar

d http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#hasStatus,

"ON")

=  (http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#Camera,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device/Camera#execute,
"BOARDVIEW®)

(?user, http://media.cs.tsinghua.edu.cn/~pervasive/coss#locatedln,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/Environment#SmartClassroom)

/A (Ruser, http://media.cs.tsinghua.edu.cn/~pervasive/coss/User#hasRole,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/User#LocalStudent) A
(?user,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/User/LocalStudent#hasStatu

s, http://media.cs.tsinghua.edu.cn/~pervasive/coss/User/LocalStudent

#Writing) A
(http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#SmartBoar

d http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#hasStatus,

"ON")

=  (http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#Camera,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device/Camera#execute,
“BOARDVIEW™)

3. MFUNIELERIR PPT Wt fe, & aeFREEFER ML S (BoardView ).

(?user, http://media.cs.tsinghua.edu.cn/~pervasive/coss#locatedln,

http://media.cs.tsinghua.edu.cn/~pervasive/coss/Environment#SmartClassroom)

A\ (?user, http://media.cs.tsinghua.edu.cn/~pervasive/coss/User#hasRole,

http://media.cs.tsinghua.edu.cn/~pervasive/coss/User#Teacher) A (?user,

http://media.cs.tsinghua.edu.cn/~pervasive/coss/User/Teacher#hasStatus,

http://media.cs.tsinghua.edu.cn/~pervasive/coss/User/Teacher#SlidingPPT) A

(http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#SmartBoar

d http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#hasStatus,

"ON")

=  (http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#Camera,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device/Camera#execute,
“BOARDVIEW™)
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(?user, http://media.cs.tsinghua.edu.cn/~pervasive/coss#locatedln,

http://media.cs.tsinghua.edu.cn/~pervasive/coss/Environment#SmartClassroom)
N\ (?user, http://media.cs.tsinghua.edu.cn/~pervasive/coss/User#hasRole,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/User#Teacher) A (?user,

http://media.cs.tsinghua.edu.cn/~pervasive/coss/User/Teacher#hasStatus,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/User/Teacher#Speaking) A
(http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#Microphon

eArray

http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#hasStatus,

"ON")

=  (http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#Camera,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device/Camera#execute,
"TEACHERVIEW®)

5. CUAHD A AR R ) BRI, RS SRR IE R A B 2 A2 (S (LocalStudent View ) o

(?user, http://media.cs.tsinghua.edu.cn/~pervasive/coss#locatedln,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/Environment#SmartClassroom)
A\ (?user, http://media.cs.tsinghua.edu.cn/~pervasive/coss/User#hasRole,

http://media.cs.tsinghua.edu.cn/~pervasive/coss/User#LocalStudent) A
(?user,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/User/LocalStudent#hasStatu

s, http://media.cs.tsinghua.edu.cn/~pervasive/coss/User/LocalStudent
#Speaking) A
(http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#Microphon

eArray

http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#hasStatus,

"ON™)

= (http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device#Camera,
http://media.cs.tsinghua.edu.cn/~pervasive/coss/Platform/Device/Camera#
execute, "LOCALSTUDENTVIEW®)

4.2.2.3 R Eif iR

THER A RGN BRI R — Al O, R Ee SR T, T
1+ Camera #LMIEFERI &MY, MH] OWL Ko i Ak

<Device rdf:ID="Camera’”>
<execute rdf:resource="#7?">
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T 2R AW 2411 Camera FIFLA . (ENGEIEAN RGN, Rz SRR AN
A S, S E B8R IR ESE R .

SELECT ?view
WHERE (<Camera>, <execute>, ?view)

4.3 AKEN

ATE T ZL T A I A AR M SR RGN 6], |t T
BT A AR GE 0N sRANBEH B, JF45 S T A AR 1) Js R 2R
GERVIMESE . ERUHESRILAL b, ATy A S I e A RE 0= b (1 L AR ] —
—HRE ARG, HJE X g, RJE R A SO 4 S5 B A0
N 7 AT I B AR, P ORHE N R e = st H e SO, i
Je 2 R 8 A IV B I N i 55 R O 0, RS URURE HIRIAE T 1 B AT A
LA PRS0 3 1) 135 B0 Je T 28 ok 1 i 8 9 22 ) 14 D T L A
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51 #BXIEBERSE

AE 20 TR A VS SR 0 Y S8, A 3 A A S A 3 v A BRI S
KR, REMS R ARBIE T A BEAR B B A B A IO A TR S R BB

BB TR IR T SO T 1 B I o Y e ) HL R T B e o 2 4
AR GUAE NS TSR IPON AR B BN P A O I R B L, AT Bl s P IR
B, AR B 2 R e A R P R R 55 o AR DA R e A TR A RE R (KB AR B,
TR SR I RN AR G WSS AT B I i) AN [ P U PR R 345 R, By SRl AT B Jit
U A B s DL 2 05 SUE R, B ) AN I IR P 3 (I B B S I 55

AN L T 8 T 1) 8 3 25 18] P9 5 3 A4 10 155 B3 S R 204 o iy A B 2 (1) 7 R —
— S BN B LR — T, RN RS E R .

i)

51.1 ETFAXKIFEEEEE

B B A A0 Re s () rh Tz AR R, ) mr DR I B b N B 5 T A e
(), I P o e A FH A 8 2 1) Hh A AR B T S SRR AN IR 2%, AN e T4 fig 2% (| 34
B — AN AR . BRI AR g, A T ik e i
W 1t AT FH Y fie 2 TR P (R IR 5% R e 2 ) Y 1% L A SRIDURN Ak BRI SR P 35 3l AH
RGBS BBE T o R A0 3 e 2 () oA [ SEAAR EAT TE b R ik, A
REf TV NLR G R AR EE, DA 8 AR IR Y e 2 TR) b ) 54, s I B4 R
BRIR, kg 3 AR fi 23 TR 9 I B B . A A S (R B 1) T 304k
[RRRTE UL B AR )2 B IR R o [A) AN [R] SEAR B RS R A 1 TR

T B3 IR T ST LA 1992 4E Xerox Parc T H ORFFY TAEE O + R 4E 1)

BT BL WU RIIIRE V2 W AE: 1D 5 RIS 2) sz
PP B IsCRr; 3) SR IIEERRAL, 4) ez e ML
ASCE 5 B B OA AR S AR OL TS JMAR LR b, S0 R B i ot Hh g
ZAEHI RSB ), AT S B AR AR R LAy T
D) JANGERREAS RN RS, 73 Hri 8 Re2s [N R BeE 5, I
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05 AEiH RS

THEE BT 02 MRISIE B E S “ NG B2 AT AT LR R ISR
SMEE. SR 5N HZ A AR s x4, 4
FH P 5NHALS”, FRIESE SRR, FATA S B e /)
O BEE B & H P SE4R (User) RS SE4A (Service). FRIESEAA
(Environment). 7581548 (Activity) FIPF-& 524K (Platform) 253EA
FRAM o LTI BAS EAiR,  BATAT AET R AN [F] R Y H A g4 T 4™
JERZ DG EAT B, IS AN R SEAR R

2) A T IEAALHA R s (8] T AN R SR B e, AT IR AR 1) 7
XS BAE BEAT B A AN A, DU 5 = [A] T AR i = fn A
Mo AR E 2 M 2R B E R, WA S BB AR,
TATHR B T ARG 55 B2 R, K B e 2 18] R SEARAAA ) A%
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