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Research on the System Architecture for Pervasive Computing
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Abstract At present, pervasive computing has become one of the hot research fields in computer scicence. However,
there is few research work on the integrated architecture of the intelligent system for pervasive computing. Based on the
characteristics of pervasive computing environment, the system architecture for pervasive computing is a large-scale
open complex system. Most key problems can be soived well by those solutions for large-scale system in cybernetics. A
novel method for buliding the architecture of intelligent control system for pervasive computing was presented. Actua-

lly,it is a new research idea for the solving of the problem,

Keywords Pervasive computing, Large-scale complex system, Intelligent control system, System architecture

1 3%

MEEETRHXBEANER, BRIEIFRT —&XF
L E RERMNBR T, KIB4 8BFR RO T8
WHEREREM I R R EA R L I, o (6] 4 8
RO 2 HH AR QoS B BALEIS %, Tixt F &
HHERERHRENBERERMHBITE TELERD,

S5EGm R GEMA L, E TR R RA H I,
SR B R SURMEE S SR P RR R R
AT, A EE R RS RE LR RO E RREHUR,
XA B e — A 28R ST AR, FE AR R 2R A T PR R
HBIAZROLE . XE RRIER REF G7E— D RMEEK
sE T E IR P RN, XTI P & KT IR S AT
B3 SR, 2N AR 3 AT RA RSk
FESK R (BRSO FIPAT .

R AT 3 MERERBEHEH REH A,
T, AR B A AR RGN ER R RN REETTE
BREHNREERREN, BAX DX RAERAK K #T
R, g )RR B 8 DR AR (3 — B () S B AT 2

BIHE B . 2008-05-23
(06 YFGZGX05900) ¥ Hf .

2 XTI

HRE A MR TEE A RAER BRI BRI R R
HMMBH EANEEEAES R, KBS TSP FRERNE
HISEE R, WP AR HGER Z2ERHEARE,

Gaial"*1 ] MARKS™® 1 chja] £ 48 44t T — R FIR 5 »
EEEHTERE PRGN, RETUBEERI—RII“WIT
HUH” Wil B PR EA T B e E 7 AR 6, X IR i R
AL BT SR SRR SE AR

R[4, 8] EEH W THMHEARAELTEHERERH
MM AERFTE REEYEHERGPRIEXREEN. BE
“EMERI AR R, M E TR REWTT RENERR
EHERLEM.

SCHR6,7 M QoS(Quality of Service, JRS &) KA
HREEFTERENHEE, BT QoS MM ALNRE, R
QoS MR M TR EMRLEITHE. HPXM6IER
FIRT QoS KB BYLHI LI R PEAM B 5 41 & SR IBLH s SCRR
L7 QoS F%E 5 & F Ak 4 52 LB & H BN P FUA
QoS BH BT ERAEN QoSBT HE.

AXFRETHHERFRE TN (ARBEEL) W H (06YFIMJC00200), REMHHERBIFRWMA

#3 AP AE, FEFRF A RISETHE E B B 3L, Email: xuws@robot, nankai. edu. cn; FiEW L, #8, TEAR T M AEE
HE EEMEREAR, ARE #2 B LS00, TEFR M AES AL ERENSARYL RN #8, BHESW, FTEFT I E i

R B S YR ARG e £ TR 5 B S . CIMS,

o 246 -



B 7 MK BB 5T T A 235 13 R GL B0 ) 7 T 43 51
ST AR BB TR, TR S MO W E O R SRR
BHREH., ACANEEHERE RO ERKRL,
A 1 A B AT 1, T LR AT K R GRS 3 Ttk
RS B4 7 R G 4R M P ) — B 6 ), e IR
Z AR — R R R B R B R G R T
B3 i B R GRS IR L AT AT M A R

3 FAHMEEHEERARS

FHRMERRRES R HRTRIBE R ARL#FH
. EMREENWERERNBERERSES G, T HARE
HE A RELETTE .

3.1 FHHEFKXRFENESE

U AR AR, — MM ERKRRERA
WF R TR BB IR E RS,

Hep , FFHERE R EF LW ERA YR GERAE
BHXE; ZRRERRABRREN T RERAZHERE
WEM TR IR AN — MR, £ RGER ¥
FREEEEAAMBS AR M EXENERER
KRB TFREMR, EFREMNGHE S, XBEEILE
=

ot , RN A Internet SR — MR ERKRL.
3.2 AHMEEHEERXXRENENFTHR

TEHHEAERE MRS ER SRR RS X
BEFENERZIE, BN ERS" TR RA LR S
HENa%E: AP BRAERSEEAN . MEHAFFERE
FhERE, A REREE RV RGP W ERE
FFSRHFT B RS, B/MUE P T8 0 A P R R E
PR RBRS . HEHERENU ERakE T ¥E
BREBEMLRR - PHIRNERKRERS.

XHE, BRI REETTRERKREHE R T #
PO T8 THE IR AP A9 B B[R] A, T B T B ANTE L AR AR TE T
URA[IL” ( Anytime, Anywhere, Invisible) B+ 8 348 , 15 3
EETEAREMARN T EBS¥IFEHRBME N B
LA — RV E TR AR R . X B E
FEREEE, BT LR LYk, R P R IR IR, ]
DIRESE, b MRS SR TFRES. LEEXK,
TR EHREEARAENFLER . TETRERAELHS
LEHTHEAEARRE RN, TR RN RAERE
REMTFRE  BHE KRG FRENMLEL BR.4
WAL, TUREHREK”, A B IR RERARI kK
IR EBAARE AT RESREFRAERESR
B, E SR T R W, ARG EEERREEN—
TEBERFE.

TETHHIRE N B E R KRS, B rl LA A
RERFZGENBERESHELE T AT R RERRE
¥, R RIZ ST AR R G T 9 T C B )& A B 2 [ i
IR  SEABR A, Sh (00 LB foge e B A4 — e 357 ) LB

4 EEHHERKRZELARGHRE

AEBEHERARRRNTERE P, N TEIRAR
TR B AR R EA AR SR REEHRERSZ

8] B B (BI85 BE AT AR B 22 ] A B ) L AR5« Rl s R T
AR E R th BB IR R

BRTE A BISCER A, W& TR Z A A e A &
PR EEBIRPRITEE , I Gaia 193815 M4 (B F CORBA) .
MARKS H a4 H 5t 5 iR A (ORB) %,

HEI VPRI, EEHBRARG T ER AT
BRKRG, ARSI HRRERE T, R B Xt
15 B AR A7 5 A FE LA B A 3 0745 R AR B A s AL
WEMPITE  BEEFERL B RZRSE5ER I
HEBE.

R, 2 SCHR B AR K R G A3 360 O ik SR A P ix 41
MRRELERPREE . 5 A RXRENES ST IEHT
EEITEERRKEGEE, R ESFRZEETHE X
R A — S R, inth ] R AR (B RS
4.1 EBSHESRXRZEFENERREY

— A FEREER R, B NI A& RASNF IR AL
RIBE . HEITERE T, AP RIE SRS,
Rk FERE L B ENRAE, HTHERN B &N A5 R
BHRBAMALE.

HR M FEMKRAT S, (ML BT XS EH,
X B ERERMBNE BT RN B, #17 R ER
SHT S AR EE, HE TR HE 2 00 A IR T SR AL e P SR AR
e AT 55 4B

Bin WK B E AL, T SE AT 530 b
BHERARAIINRTE, XENZEE, MREZESBE
BiE, FPATHM Z AN AL EFES TR EO R
BAARES A S E R, D RHECBRESHREERNE
KIEHIALE,

Hit, — BN EE T EERBENRAFENERRE
W G BB (E B R G E (5 BB
KEEH oIS PUTER BN ARE  RE R O ERE,
LA EREHGE S R — R R E LA B B RS
MY AT EETEEEEH AR ETERRNRET BRRE
FHIB A, P, A RSP TR S R A
RN OCHETRS . B 1 AETEETEFREEHE
GVEREFRRMRER.

. ER £ 415k 0 A
[Eeasab[Eiaann s eraeene|| 4 | 3
LEITL Ew) (=

Bl ETEHREERSHARTERARNTER

4.2 BINEERMSTEIGT
T E R & D RERER S B BT R
4.2.1 BEAmERZEBROSBGR
HTXFFERANB R E, TE TR R R R AT
B LR RFSM I RIEE J7 , B “TAR AR BB X Fh
TRAVABUAE X BR5E L P A BT PR KR X 3R B i R A B
FEXT RS 1A 3 285 28 101 0 B 28 LA B My 8 7 P R 35 1) A R
xR BRI S P B SRR A B RE R T O R
o 247 o



&5 0 R IR KBS BRI B IR A 1B L AL B AR ) LA R AR
LtEOSE.

5 BRLE AR X B AR e b B B 9 B IR ME B HEAT 4
B BRAEAA B, 18 A AR R TR B S FIZE,
iR BRI B AR EHIT B .

4.2.2 BEABRHES

17 B AL B HUR B M TR A B 1R B AT, T A
FEZRALT SRR AR R @87 8, 317 R AL 3, R 55
ZUSEA RS ERE.

4.2.3 RRBESHEMSR

PR SR 55 5 BUBEHR A T 5 B 10 R B 4 T L RE s
R R B AL AR A BT B LR AU AU AR A e S
T EA B AR SR, Bese AT s SF TR 5 7 B
4.2.4 PATBER

PUITHBREEE T B & 6 RE ¥ 5 R RITIM”,
WIS AR BIER S PATARII B 4E , AR SE SRR , 34 4k
HERRBAEEITHIN.

LE THE IR 025 P BT IR 1 4 S IR 45 T LUFL A
S RAMEARLE, HEFE VB ARITLUEER T
BELEF VD0 “DRATHILAL " T A7 7E » 18 3 AR 55 13 IR 95 DU B L i
FER RFASFHAERBUESERAXMS . EXE,
RLE“BIEEN A7 B A8, & IR 5 AR RERS A SR B &
HEEREERNRET G PRENA.

4.2.5 AR smin K

FLI R PR S AL P AR B B8, AT AH TR
BAbE R 5 55 S BRI, {5 B AL B AP SR A AR A
BERMXARAERN . TSR, R R B B R
RHRMEHSBA L ZRB M Z KA, W LE S E M #
AR, PLR T R IR IR BE .

4.2.6 RyBoER

FREOBRRATRAS EETRERERN FREZ M
B R I RE 7T LS8 LS R ) T R G0 B th1E
MR, ARAHEESR D FEEIFELTREME
Z B R RS AR & RN R K.

VAR ET KRG R B2 T7 R 0 U R A SLA3E 45 (R R RY
VLB T ARG B AR, L AN AT LR A 2 B S sl
B LR B REH” (U AR SRR A SR E R
FRPR TR LA ETE R AR5 .

4.3 RERMNE—-TER

N7 B AL & T REHM A0 A KR R TCAE A
R, H— P B EE TR REEM A MRR G ERE T
0@ 2 i,

WA R
2 A

| E.EJJ:E’Ei_)—ﬂ RREEFRRER | FUTTITY

—————————————————————— = : HEXIERE

BEBOHR || I

— — & ||e |

EEREHR | IR

-------------------- = o |||

RARR LA LA

M2 ERITHEEEHNAEEURE RSB

BRI SRARR A S PR BT U R R
RIS HRTE, S IRATETE TR P R AR
* 248 -

%, B ARG AESH KR AL MEH#TER  WR—4
BEn— A& T B A R R AR 5. 8
FRER R TAAERRS

5 RERGXIUR#—STE

XE, DEETHR IR PR IR RSB AU L b
ETETHE R R R F e RBNLATR.

EEHEAS T, FEREN SRR IR RN AR %
PR LA RE % ] R A A RR A 2 LA 7R B AT R B IR L B 4% AR
% ETRE SR SRR FHRES . TEX B, RAAMFHR
ZHL TS TERRRRLE, E N REERAAE
AL,

& RRAEBURA B A P IR B R, 235 BRAH
PBRE B BB R IR 5ES A RER. XB[FRL
BRI GES oIS E — TR RS RS R,
Bkt s A 3 .

[E5ansn [ BFER5ERIR [ REFES2MMR |
4 L 2

L 2
EFARMR @mwsﬁj
Rs B EXAME  ARRRE
EH AL ERIK

B3 BRERML4EIBERER

25 BN AR BT AL 2R, 7T DL S R R AN B R 3R P
B R B IR S Z R S VU R, 7T LA#AT IR %5 B9 &
B DGEE s #E—2, B IR & B B 5 A 55 A B il R S iR
SEMESS A EEFL, 20 QoS B3R L & “HAT UL (B 45 R {1t
FOWMPATREN S, ] AN E BR KR 5 PAT K R G, &t
AR S5 VR BERERR , T LUK iy AR SR &, X PAT I 58 RAE 57
BE&IESHASERAE, TLUBSERRIBSERF.

HMESETRRERAGRE T —FHETRRVEEA
MRS EAFEES N—FETEENGHORS ZAR
B X BE RN LRSS RN TR REREN AT EE
Rtk

H— W T T & KRR, 2 A A Agent
AR BA S IRED] Agent 5 BBAD , 2 5E I FHEE
HERKEBEMLEETEREKRGE. o, HER
AL, I PSR AN AR AL LR B T8 LR BAL BRI AY
WES WRRIMNT - SREESEENAA.

ZFEF SALEHERENSLLUAAIEETERS
R—HRMERKRLE, WAKREHEEILITET YR
BRI E T A R R G 0 — S S R R R, 48 UL 3R
T AR ARSI R R R AL R R AT
¥, AR ENARR T — MR .t BT RIR
RMAEGRITTRMIRS KRB, ARERKRA T AHET
AT HERA R

& % X ®

[1] Romfin M, Hess C,Cerqueira R, et al. Gaia: A middleware infra-
structure to enable active spaces. IEEE Pervasive Computing,
2002,1(4):74-83

[2] Romn M, Hess C,Cerqueira R, et al. Gaia: A middleware plat-
form for active spaces. ACM SIGMOBILE Mobile Computing



and Communications Review,2002,6(4):65-67

[3] Sharmin M, Ahmed S, Ahamed S I. MARKS (Middleware A-
daptability for Resource Discovery, Knowledge Usability and
Self-healing) for mobile devices of pervasive computing environ-
ments// Proceedings of the Third International Conference on
Information Technology: New Generations (ITNG 2006). Las
Vegas, Nevada, USA, April 2006 ;306-313

[4] Lewellyn-Jones D, Merabti M, Shi Q, et al. A security frame-
work for executables in a ubiquitous computing environment //
Proceedings of Globecom 2004. Dallas, USA, November 2004 .
2158-2163

[5] Hill R, Al-Muhtadi J,Campbell R, et al. A middleware architec-
ture for securing ubiquitous computing cyber infrastructures.
IEEE Distributed Systems Online, 2004,5(9) :1-14

[6] Kalasapur S, Kumar M , Shirazi B. Evaluating service oriented
architecture (SOA) in pervasive computing// Proceedings of the
Fourth Annual IEEE International Conference on Pervasive
Computing and Communications ( PerCom 2006). Pisa, Italy,
March 2006:276-285

[7] Shirazi B,Kumar M, Sung B Y. QoS middleware support for per-
vasive computing applications // Proceedings of the 37th Annual
Hawaii international Conference on System Sciences (HICSS’
04). Big Island, Hawaii, USA, January 2004.:294-303

[8] LiuR,Wang Y,Yang H,et al. An evolutionary system develop-
ment approach in a pervasive computing environment // Procee-
dings of the 2004 International Conference on Cyberworlds
(CW’04). Tokyo,Japan, November 2004 :194-199

(9] ik AAWEREIM]. 5. [ WSl A% At L 2007,

22-25

Sharmin M, Ahmed S, Ahamed S 1. SAFE-RD (Secure, Adap-

tive, Fault Tolerant, and Efficient Resource Discovery) in perva-

(10]

sive computing environments // Proceedings of the IEEE Inter-

(i1]

[12]

[13]

[14]

[15]

(16]

national Conference on Information Technology (ITCC 2005).
Las Vegas,NV,USA, April 2005.271-276

Ahamed S 1, Zulkernine M, Anamanamuri S. A dependable de-
vice discovery approach for pervasive computing middleware //
Proceedings of the International Conference on Availability, Re-
liability and Security ( AreS’ 06). Vienna, Austria; IEEE CS
Press, April 2006:66-73

Sharmin M, Ahmed S, Ahamed S I. An adaptive lightweight
trust reliant secure resource discovery for pervasive computing
environments // Proceedings of the Fourth Annual IEEE Inter-
national Conference on Pervasive Computing and Communica-
tions (PerCom 2006). Pisa, Italy, March 2006:258-263

Ahmed S, Sharmin M, Ahamed S L. Knowledge usability and its
characteristics for pervasive computing // Proceedings of the
2005 International Conference on Pervasive Systems and Com-
puting (PSC-05) in Conjunction with the 2005 International
Multi-conference in Computer Science and Engineering. Las Ve-
gas, NV, USA . CSREA Press,June 2005:206-209

Ahmed S, Sharmin M, Ahamed S 1. ETS (Efficient, Transpa-
rent,and Secured) self-healing service for pervasive computing
applications. International Journal of Network Security, 2007, 4
(3):271-281

Xu W, Xin Y,Lu G. A lightweight, fault-tolerant, load balancing
service discovery and invocation algorithm for pervasive compu-
ting environment // Proceedings of the 3rd International Confe-
rence on Innovative Computing Information and Control
(ICICIC2008). Dalian, China, June 2008
wICE,FEW.SEE, S BRI RS T EEEEER M
FE[J]. HHEHLRAE, 2009,36(2):103-106,113

(E#% 245 )

PA B, CSPA EHEE T 0.36% , BEEET 1. 0% i EA
HEAFHEET 2.0%, BHEE T 2. 9%; M WsnnG H
WsnnG EHRE T 2. 8%, BREHRE T 4.3%. HERIE_F,
S CSPA th CSPA I T 0. 4%, BERE T 1. 1%
fIAY EA W EA VB T L. 24% BB E T 2. 5% ; I
WsnnG B, WsnnG FHERE T 4. 56%,. BHEE T 5. 9%,
5T B AR L, ZE A A (SO T, AR & L Sk

FRERBEEX.
BRIE RAMEHEENZNRELRETHE, AT

BELLR—EEENLMAORESER. R, HREEHRE
R AP E X RS AR AN R . A SCiR
T—FMETRUEEEHE AR ER S (SoA-WCE) Jr ik, f1
HEEEEL PR EEERNEERFRRINANBENE
B R HR T AL E , A RO A 56 R - 2 T 15 2
BER . LHREREY, AR W 7 R AL BB IR 2
BB 6] ) S B 2 S o S REAT I T Rk R 7 ot R B2 L, DA T
PAIEFHRRRMSER. FUPRANBSHEEYRET
HAFERER B RS BE LRER A MM, 43082
B9 SoA-WCE ik ey REIH MBS H . HRAEM M
AT RSB B AR,

2 % X W

[1] Jain A K,Flynn P J. Data Clustering, A Review. ACM Compu-
ting Surveys, 1999,31(3):264-323
(2] PR, T30, BERA T LR, 3HEYLN BIBF5E, 2005,

(3]

[4]

(5]

(6]

7]

(8]

(9]

[10]

12.:14-16

Fred A L. Finding Consistent Clusters in Data Partitions // Pro-
ceedings of the Second International Workshop on Multiple
Classifier Systems, 2001, Volume 2096 of Lecture Notes in Com-
puter Science. Springer, 2001.309-318

Strehl A,Ghosh J. Cluster ensembles-a knowledge reuse frame-
work for combining multiple partitions, Journal of Machine
Learning Research,2003,3(3):583-617

Karypis G,Kumar V., A fast and high quality multilevel scheme
for partitioning irregular graphs. SIAM Journal on Scientific
Computing,1998,20(1) :359-392

Fred A L,Jain A K. Data clustering using evidence accumulation
// Proceedings of the 16th International Conference on Pattern
Recognition (ICPR 2002). volume 4,2002;276-280

Ayad H, Kamel M, Finding natural clusters using multi-cluste-
rer combiner based on shared nearest neighbors // Proceedings of
the 4th International Workshop on Multiple Classifier Systems
(MCS’03), 2003. Volume 2709 of Lecture Notes in Computer
Science, Springer,2003:166-175

FEH /AL Rough £t 5HHAKEIM]. P4, L& 30E K%
R4k, 2001

Merz C, Murphy P. UCI repository of machine learning databa-
ses. http://archive, ics. uci. edu/ml/

Larson B, Aone C. Fast and effective text mining using linear-
time document clustering// Conference on Knowledge Discovery
in Data, Proceeding of the fifth ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining. 199916~
22

s 249 -



