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Abstract

Pervasive computing has being now considered and noticed universally, which is the 21st century compute

mode. This article first analyzes the origins of generating Mark Weiser’s pervasive computing idea and the thrusts of
researching it in the process of computing development. It then simply describes the pervasive computing projects of
scientific research organizations of main developed countries, such as enterprise and universities, to realize Mark
Weiser's idea. Next, it sketches a Layered Pervasive Computing (LPC) model and its related terms. Finally, the
article closes with a discussion of great influence of pervasive computing technologies, and makes prospects of human
being living environments such as economic, daily life, work. etc. , according to the current development of computer
hardware and software technologies and the evolvement of researching pervasive computing-
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¥ i& it M (Pervasive Computing) &£ £ I8 3 Xerox
PARC (Palo Alto Research Center) i+ MBI £ LB E X ER %
&K Mark Weiser™ £ 1988 4F 42 H #9 “ Ubiquitous Computing (4§
5} Ubicomp % UC)” B8, M7 STk & ¥ LL “Pervasive
Computing”HM . HEFBER A FAFRUBSHEETR
HFEREMNAFPERSSREX DA EBRFEGER KX
MIHH B EBERLRTRE . APARSEE R
BERSKERAEMAHEETERA, HFURRNEXE
HEEFBIT. XBITaME HRXFRIRBAE CBEH Y
Zwlm— . M ASRKIBATENEARIBASS
k& Mark Weiser ) BEWTLUAE 1 REER. HEGH
SR EET BB ARGEZR FR T A GnfEsh#E.
NEYAE PR A R 1 1 R A G 1 HDD Bl — 26 R R AT WAL
M EH AR CGmme 4 35 M % T B 5 M B89 3 R oM AR B R 69
HRDHAN R . EE 2R+ NN 2R ESHRERN
EW, AR 5L Mark Weiser B8R Y TTEE.

Satyanarayanan XX VA N, A AR E. B it R

HESHANEARDIBXE RS TR ETHAS
750 - HEE T A 45 B 38 A (effective use of smart spaces) \ R
] B # Cinvisibility) . 2= # 5% 5 58 0] fb 45 ¥ (localized
scalability ) 1 B # 3 ¥ % % # (masking uneven
conditioning) . B it MERBHKATEBALE /P, — 1
& A8 2 8 (Smart Space) W] LI F R W IR GEE I E
EVRATE—R. MR- HEHHIORBFENEH P
B RUERAFERIEHNEFLE AERB/AERERLSR
HEAREY, T ERD SRS AT RERERE, A1
A EZTEARLIRHEREEHBEESE LR -1 L
BIAPXKE EREFCENHR . ERATHRE. £
APHEREEX I REENE . B, g TS
HEAH—TXERE. WA RETEREEEH NP REN
F83, Bk ZEEBLAER A # O R AR RS AR M
BHHRBEKWES.

AEA L, TR EHTEL AFHDME=1 %4 . H5%,
T EABREATHRMEGRTASIR— HEAEKZHER
WEABEN AREEFETT RN & KK FEHRA TS (n
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AFEREBHANARCNKAEXERE. REWEAFH
EHEARKFEERR BT RAEEHER. MEZB=1FEG
TRA RN T RE - ROTE  AE MEHB
FIF AP e S TR E R BRI RE R R
GERIRRLMBFROMT/RES . HRMENTLM %M
HE B R R — R AR DA A1, A O R WO
WRER XRERFEFOERDIES. Xtem, TEH
SEENERYGEGENESERAMEARHRERETE,
RO AEWELETHRENTE. TWEHItHNBHES
A B 2 WRF B RB =N ROER AERGEIHER
SURPIMPRRAERERE K TEMNE ORERHRIT
L AWM EETAFENTE, RRRERAHERT IR
LR/ AR IRAE R 5, RERS B Bhith . 3 25 b 055 B3 3R T
FRUENETEHRAFE. AFFOREHRITH IEmE S
SNRARMEBRS KRIEEXEETTRHFRETHTHEANTR,
XXFESMAGHORERITREFHER. MERGIER
B R W S E bk A
Ab‘-J‘f\iu)i‘zK Bt
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L TT L B 5E T IR B K w3 R T ALK
BB RER R . AL Mark Weiser #5315
FET W ENBEE RO — L FHEE. F— HEHNE
SKETR T AR B AR BB G b B 2R R LM RE R S (R
SEBER B NBENEETTERE, NEHULABY
HME. — M REMNEIT . IP I IRHRDIFEE B R &N
B IP il iR 45 (IP i hb) o — YEHF SRR, &
HEFETRERNEUBHSHEBHIRES . Ipve i
REERBRINEE B EEHHFRT T A6
BRI S, HRILE ORE AL, AR EERNIH
XEEERERTH. R REITHFRT . — LB RRE
RHRAUBANE B X 5 X IBAR/D T i A RE B 7k
AR E S MEEAE TR BHETRE.
EA—BAET . EE IRHIMERRRE U RIE X RERFN
ANMZEER. B, T WA BT YR EH EHN
WHENF RS W EE T RIS RFHN LS. L,
TETHFET AR UESY RN EB DRSS
(2178

2 BZEWRIAR.BRARET

EEHBEE AL TERMNE T ELAEXERNR
RSV EHNHE ARG EHTHRANE 15
). ZEEERIFEMD AR B2 NIST (National Institute of
Standards and Technology) & & KR BRI E T4
BT EHGITHEEATRIT R ok 2 TR ITL
(Information Technology Laboratory) fi ¥ th . # s #5 %

WERE ek BIKETE. BB MGE % EE ZRN— RS FFR
bl >t FEEPEMTILAHEMEE:
H(——) H_A‘W'_J d
Rits B XEMBIESHB WERE LRMA l:iffli.gﬂﬂ(lnteraction Substrates? .
EEITHIFE T, AMYL R GX B Z 4§ Pervasive
H1 AHAEAKRIEMITEALRTIE Devices ). JLER MV 288 Z MM ME M E L TH B LR TLH,
Al SHBRFANBHALEAFSRANR
HX W HENBEFESANTE LK
(Aroma Pervasive Computing Project)
NIST ITL .
NIST: National Institute of Standards and Technology
CcMU Wearable computers (Project Aura)
UC Berkeley Ubiquitous computing (Endeavour)
MIT (Project Oxygen)
MIT Media Lab (Things That Think Project) (Intelligent Room Project)
Washington Univ. (Portalano)
Columbia Augmented computing environments
USA Georgia Tech. Ubiquitous computing ., The Future Computing Environments
Stanford, Computer Graphics Lab Computers As Social Actors(Stanford Interactive Wérkspaces Project)
Toronto Univ. Modes of input/output, human factors, wearable computers
Maryland Univ. the interactions between mobile, pervasive computing, multi-agent systems
The eBiquity Research Group and artificial intelligence, and e-services.
Ubiquitous  computing, peripheral or serendipitous information
Xerox-PARC communication, intelligent environments (PARCTAB Project) (Responsive
Environment Project)
OGI Multimodel interface issues
Microsoft Research (EasyLiving Project)
UK Cambridge Univ. Adaptive interfaces for mobile users
AT&T Cambridge, Olivetti Research Labs | Active Badge Location System
Denmark Roskilde Univ. Information communication through peripheral awareness
Roskilde University The smart kiosk-user aware computing environment
Sweden Royal Institute of Technology Home Intelligence Research Project at Vattenfall
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MEXRRT L REEAHBERER XA EY BIEREANNT R, T8 — 88 M GIT® (Geogia
AW AEAR B 6 BIF. BRSSHARHREBELMAS  Institute of Technology) . JI X Toronto KFIFHrE#TT
b Bt Beas LM SR M RFRE G H R REE X FEB PR . i, — & £ 0k fn Silicon Graphics
FHRNUNARFL RBEHETEH’—SHRFEL. B Incorporated company!'* 1 2% E.

BT.OGI (Oregon Graduate Institute ) E ZHE AN T EH

£2 H#4EFAMASITL AR A%

Topics Technologies ITL Role Companies
Int’l Telecom. Union, Qualcomm,

) L Wireless telephony systems:|Performance evaluation and development|
Wireless Cormmunications Ericsson, European Telecom. Standards
W-CDMA & ¢dma2000 of software testbeds Insti

stitute

Conf d Interoperability testing;
miormance - an eroperabiity ¢ IBM, Intel, Ericsson, Nokia, Toshiba,

Pico-cell Wireless Systems {Bluetooth, MANET Protocol modeling & verification; Performance SAIC. Raytheon, Mitre, SRI

and coexistence evaluation

Real-ti 5 % Help devel . ; ot IBM, Microsoft, HP, Honeywell,
eal-time stem € evelop requirements (or real-time

F Java/Jini p cevelop Tequireme: Motorola, Nokia, Sun, SoftPLC,
Communication Protocol Java; Performance metrics & tools .
Sienmens, etc.

Transcription,  information
. extraction, topic detection &[Benchmark tests; Common test sets; |AT&T, GTE/BBN, Dragon Systems,
Speech Understanding ) . ) . .
tracking, spoken document|Uniform scoring IBM, Claritech, GE, SRI, Philips

retrieval

MITRE, AT&T, GTE/BBN, CNRI,
Interactive Dialogue Speech-based dialogue Develop metrics ; Develop tests Hughes, IBM, Intel, Lockheed Martin,

Lucent, Microsoft, Philips, etc.

. Speaker recognition, face|Benchmark tests; Common test sets; GTE/BBN, Dragon Systems, ITT,
Person Recognition

recognition Uniform scoring SRI, Aegir, Excalibur, TASC
. . | Text retrieval. web searching. . AT&T, GTE/BBN, Claritech, Lexis-
Multi-media  Information . . ] | Develop metrics; Develop test data; . )
. question answering, interactive . K Nexis, TextWise, IBM, Microsoft, GE,
Extraction . Uniform scoring i B
retrieval Harris, Fujitsu, etc.
. o . |IBM, Entrust, Netscape, Motorola,
. . . Testing/ Validating cryptographic|
Security Cryptographic testing nCipher, Ibutton, GTE, Cylink,
modules
SPYRUS, etc.
Biometric authentication,
. . . . . Compaq, IBM, Microsoft, Novell,
Biometrics biometric system Standards development & testing K . .
X . Miros, Identicator, Veridicom., etc.
interoperability
. E-Book content,interopera- |Standards development &  testing;|Softbook., Nuvomedia, Librius,
Electronic Book o .
bility Interoperability standards EveryBook, Microsoft, IBM, Adobe

Z)LTiﬁﬁl(Context Awareness) bai .i?ﬁ&ﬂ:ﬁﬁgﬁﬁﬁfﬁﬁﬁ -Eﬂﬁﬂfﬂ gﬁﬁ‘l’i
HEL.AXETXBRAMFRBLY AR EXRAEET FHOSHERRY AENERNSHERE. FREAE
B AEFELSAEEREADANT . ERSIFTHEE (Smart Space, fTiEREF AR X FE M — 1 THEF %8

Perceptual Mobility and
. Interfaces Networking
Dialog processing Y Pen input Mobility layers( NAT, etc)
Geometry sensitive devices X Large screen displays Directory S ices Security Management
Qesture recognition \_ Qaze tracking Wireless protocols Service discovery
i 4 (-}
Microphone array processinz\‘ Sp 14 f i R kd

Mobile session managemen R
Voice detection 8 Video over IP

Carn t
cra array processing XL Acoustc imaging Voice over IP
Speech recognition  W- s fusion Sm
Security

N & Work
Smart badges/ “gﬁalrn top computers Tea R

Spaces
Electrorue BOOV Distnbuted MMRD BMS, /g0 0kcen Document Retrioval
e el '5‘
Smart Notebooks Po le_Sensors
_7/ Visual Document Indexing Spoken Document Indesdng
Pervasive Information
Devices Access
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ST HEEEN Internet (IS ) A1 QIR AR TR,
BERIEMBHETERBAFANEBITENFSHERRK
H1E B BRIFREEMTES EITH ETXRAH—1
EEFENISTUH ITL EEME#THR. B RHKRE
BN 2 AHWETT R —B.

HHLGITV UM A T K R R T4

DB . MMM EN

HETRFET AMNAEFEXEMNER BER
SUERFERMAR B EHUCER BN AP R R
FREXEEN. A . FRASLRLTMENEE, X
B B A Ml MWW
WO A%, B¥.GIT. Xerox PARC SH I E L
BT EA R LAE.

HPEAFERA B

TS T A AR B EARRMFOER. Eth
. BRRENERRS BEL.EHAEYE, RIFDY
Wit EFOER. A ARERSNMEFESU RS
HERRBEFAHEE. B HELSHETIBT, — K
B 7 SR b B B IR b A ATXE/NEY Y G R
BEETRABNTRBERE.

H bk, B EF — i % 6 kS BT RS B AL, Apple.
IBM, Oracle, Sun Microsystems, Netscape Communications
ST BB (i B AR AE 1996 4E 5 ABEA B A — I dERDY
Network Computer Reference Profile 1 HEFE—HKH N
NC (Network Computer) iRl &M T T ia®E. B
BROEERNEFLZEAS TS, DREEITRES
B PEsR . BB NC 28N IP MR i IP il S H b M %
BEMRSFHERN*G RIEFTRETARALEA
MELRGEEH.ENEETAFE THEA=RATER.

SYSRAFRYIRIT

EEHAARIU NP EEREHFERETRBTMA
MR ARERONARE. RELEGHTENEREMSIE
2 AEATUEREHABER A EOGUDMAENR R
O AFETAEARERXERYRITANE NS
= REHKRES FREBRAHEE LR (live experience) #)
BB MXEHRIA MGG TEREHARE . IR EEX
HEEAESHTAENBAREC L KT EWHRAERAE
F: TR &I (toolkit design) 4N FIF T E H 85k
R Yt 45 ¥ (the structuring of software systems to separate
concerns of environmental context) A GEBFE AR %, H
B, GIT , Stanford . Washington %5 K 2 31X 35 6] &% 1E 1T 18
it.

OFERHL

KEEETEFET HRAFE - HBHETLRN
BHREE—REMFTZESN NS TR MW, TTX L/
SR AMNRET R LMECIHITEIRG. B2, REENI
SH—MERERFBRBER LN L2HBR? M. TR
REMSAIEELBELTH. TESREERSFME
MR BHEHEE, BT E—E RS SEHRORREE
FFEEA RS, H I EM TR MERSEBUEFENES
Pk D eIt EE . ZARER TR I A M0
MR R BT EN ZE R G, K E MR (1% T
BUEARHEERPVESS. )

RERE
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BT AR ERRT RAORERESKREE T
LHERR 2R —HERBSTANFRARN—FK
8. MEXEHAFET . ZLBEBAEIRT.BEHE
BT ARTE R P 5 4G BB M 0 A 1R LR & R A R RRL
MEEARBTAEARBREEURET 4R XHARRA
—ERERRN . ARAEEE FENAREENEHTET
WEHBENEL. B IBMETHDE 2 KT
XAEAFRIE. st REE B A BRI
B8 MR T7 ¥ . EEELSHELK K A P AU M7 X%
EERAAAMENEETAORE ZUFEAONRRRE,
BEE KGN E W B B RE RS TR,
ARMREAMIGT R, AR THEREE.

3 HETHBEREHRE@WPO

BE i et s EA A VLB Ak R IR U
1 NETHTHEN S MRS A0 B H %M
F OSI &% # B 0 %5 i+ W B K b B 8 (LPC, Layered
Pervasive Computing model), B 87 ,NIST # ITL'® M &
BRI REEI SRR UB MU ZRAME. TERNENS
Max Mihlha user #HA=BHEBWME 3 ) . HEEHR
HXARIE. .

B-EBEIEWRERTEITRTBOEARSENMNER
M. Ho i, 5 BE B R E 4 (smart badge) . BN E .. T WA
B . Internet FETR.FeEE M. B AR MW P (Ad-hoc
pico-networks) %, E " ERRETEANELETRKGHE
A2 ; E=Eitie UC A N ARE.,

A3 #ifAdRHEARLRY

L3.UC World | Pervasive computing

Things that think

Post-PC era

Calm technology

The invisible computer

Embodied virtuality
Anytime-anywhere/nomadic computing

L2. UC engineering ( service discovery, awareness

Integration management, AAAS, )
Scalable computing ( MOM, Web caching,
disconnected-op, components, AOP, )
Large-scale computing (organic computing cellular
computing, active networks, distributed AI,
agents, )

L1: Gadgets Smart devices (labels/badges/:--)

Smart goods & spaces

Smart cars, web-on-wheels,
Smart paper/cloths/dust/«--
Location/time/temp. /+-*awareness
Ambient walls/offices/homes/ -+
Augmented reality

Wearable computers

Pico/ad-hoc networks

Internet applidnces

* & PC 8+ K (post-PC era™*)) KRN IMEHL, ZA
HE—EHEHLN: D;PCHA, AF—EHANA: 1),
& PC HHUBIEEHID . EAKRRAEZEHMBEN : M),

+ Things that think™? SR W% AFIBE M

: S X

are i —— -

o RN N 1.
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AR EHRB|BANERIEEEFER.

o A7 #8 ik & (smart devices) NG HEGATALH
RSN A (i, mhE B A AR ES X FiAA
EAEHAFaENE.

+ Augmented reality Mark Weiser $ X VR (Virtual
Reality , AHLEE A L) R A UC BREUAZF OIEXR
FAELAFEL LI FrLL 4R B augmented reality J&— & I
By,

* B # & 3 (service discovery) RAMHERI &H
ERANETEAIR THEIRE MEHERY SEMHE
ERNR”AEBERFER”H ERHE AR Jini® uPnP,
. Salutation i1 Bluetooth-SDP H#{ A —#: . H NI TFHEAFEE
ERAMEFHUHFENTRACRENEL.FXLE.&
EFREMIRHM I RRATEEN EMEA XD BET it
BEHIES .

» k4o F ¥ (awareness management) TEEWHFIEFLE
LTHY. XEEHEEREEDRIAERNETULR NG,
{8, £ 57 A i 2% ] gk R B 5 [a] [/) — 3 4% (BP 5K BoR )
—AAARA BEETITERES~EE A RMIAAE (K
WM—EHAED HEFEEHFRERNE S5 . XERLHEFE
FINATHTEE 2L FU AANEREAREZSIR—T
KHETRRE.

» AAAS (Accounting, Authorization, Authentication,
and Secrecy) 7F Internet FE[M LIRS . EBRfIZSe
E—1TREREAZRETRE. UCHAX RS,

» Scalable Computing FEHUHEM S EE.SZHT
g LT R M5 E. Hin- £ ER Web 2HEUIEK
HORTR YA Web caching Bk . M FHRAERBERTEN
&3t 8 b 3 ¥ /E (Disconnected Operation ) 1 ORBI IH A, it
4, i& FF MOM (Message Oriented Middleware) £ A %5,

BASEYE ZAULERR.TUBEETERAMNNE
TETRHFA:

s RFAE - BABENERABEARTEREZ06E
BANES . TEFEHRAE, TELEHAANEHRERE.

s BEEMMUARE—ITHEMIER KB OB EAR
RIS R, SME BT B B TLE M4 X T 2 N 4% LRE 1
KO EME . T AN TR SRS Y.

T -APRSEEDN L. —EBHTEH LR
ERAPTREELRBEVE, A iEBHRESAWOENHTE. B
iR H LA E & QKA EAE /1 (Self-Configuring) .

XK SO R A A E H — 1 EF KRR R, BT
ME—EERXEBEARTENBMNER. RELE T8H
REHTTHEF.B— BB EHZH TR, in,
BB R APLs, T 15 VF P . 4 B IR TG 2R BB M (pico-cellular
wireless networks)  HREBRSEBEX —PIRHE: T .5k
FERASBRF B EE L TR HEREH. . ¥iE it
BRARNBERMLNZH TAE B TR RS APIs 5L
R . ERAEANAFRARFMAREEEALHTE
B FEESOVIEYE . %, XERESBEAFHELETH
T8 R BRI T RS LA k.

A FEHRTEATIHIEAN LR TIREKHER .
Mark Weiser ¥ 511 WA LR FEHERALETEHN
B 1TAE - NBFES. KN TEXEDNEISESH
E. in R R B A R R B 0 3 T S A DB L BT

. 22 .
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R FIFRESEREN:ELEERTUANETBALRAET
MERREETIH: BEHRE —MEHRRAROES. &
A GPS IR ETUFRB M REKBSHER, TURK
BomRt A SR EHEFRENRERS%.

FOHEAEAHERE— SRR TR KT
AR ¥GSE A, tin,Bluetooth,HomeRF.802. 11.1rDA ;58
T HERSFERAFBHMALIEARASHA, tin, Jini A
Bl #& Bl B (Universal Plug-and-Play ). Service Location
Protocol %: =, T —REGFRIHESNITRMEZEAHEN
FE, bim,Java. Tcl.DCOM, JavaScript REBOL %,

Wi b HHAXEORAXAESHES IR, L,
PDAs .cell phones. CrossPad.InfoPen %, 354 ) B4
HHEE. m BERT A E LR EEERAEEELE K
EhE HATRNE . SREKE. AMESHABERTRGE
BHEFE:RE . BTRH - FEVSESH I XEHLSH1H
FH R LT =,
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BAEROBEER, CIIEEMN Manager #1TEF X L5
RNBHBRA ST REERNIERIER.

3.5 GUI

mEAFE GUI RREE P ERE LR RAEHE
BB REAN—LLEHLR MIEXENESFEBET
HHRFE. BT Java BUNMIRE Java BIFBE HLER,
MABMUBENRE XEBLREERNIBTREHKE,
XRHERERT EFATHOEEMBE. RIIRH Java swing
FEEERE. BAWE SR . EAXHAERARIRIL
8 B, F MR Z EAMEKE, XER T REhe Loy
R HE—FERE. Hlm,. B2 RARGF Hosts BRI ER

o126 0203
0.19 © 104

A2 F—XigaBEskE

HRMHE— ST VNBRGTREANBRRERSHN
—8 ARREBRGER. ERFET . RIORAT 58
BEAR MRTRETHFENEE. RETRYSEGEH LR
TREWY R, RERE G RIEEMEAE A, I B AP @
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 EKRIEST VM ZAERBR T AT R BT 6 R
3 [EE .

LRBNANERRAF IR LYB/R . MAEHER
REMMRAFHAAREAERE. NBEREHTERNTH
B EEFBRITNES Bt B ERTEABI
BASEAEEW . AR TR IED . RINEN RETRRE
BANHR.EBREEREL DL KL LBESRD
RE.#E—-SRENERATE.
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