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Abstract: Along with the transition of application scenario and the increase of its own complexity, software needs the capability of
actively adapting itself to the changes in its environment, which means that it needs to adjust its behavior in response to those changes.
The realization of software self-adaptation is closely related to many academic fields such as software monitoring, context-aware
computing, decision and control theory, software evolution and maintenance, and etc. It is a great challenge to construct this kind of
software systematically in software engineering practice. From the perspective of the construction and implementation of self-adaptive
software, this paper reviews the existing research and practices based on the “sensing-decision-execution” basic self-adaptation cycle.
This study presents the concept of software self-adaptation and a taxonomy of the characteristics of sensing, decision and execution
activities, summary those most focused enabling techniques for constructing adaptive software, analyze a set of typical research projects,
and then describe the future research trend in the field of constructing adaptive software.
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Fig.1 Differences between traditional software and self-adaptive software
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Fig.2 Basic software adaptation loop and its taxonomy
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Fig.3 Software adaptation enabling techniques
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P &40 3T XML ) ACPL (automatic computing policy language) k2 i 5 g [75); 2 -

o SRS 4 SRS A IR I BT, 1T R 2% 3 BOAS mT FIT 1) I SR SR e ST S B 1 A D T v S AR AN
TSN AR J5 A R AR ) b 5 I B — 4% (M) SR 4k S PAT 0 AN SCHR[T2]WF9X T Ponder S
(RS R 5E (modality  conflict il 1, K 2 48 B TS 5t N (1 SR AR A i 5 k) 43 g 45 o AL X
S phge . BRI 58 4% Rainbow A P T SR 28 e [X 43 555 s A1 g 2 10 e

o SRS SRORS (refinement) I it il AT 45 7 1)t J2 8 SRR H A o AR LRI o WIS T IR 1) 2 4 SR e, 3L
SCOUAEAE 5 N TR RE T 0 U G AR 25 B 3 sy vy SEFamfb 22 I ik, SEFaE Mg
{1y 75 13 25,

(2) AT REMCHAR

BT SC L N Bk 22 oD B A 1) A N R AR T SR S AR AR 1 () B — A4 T L

Hi) [ B A0S S T LR B A0 57 3 b A R 3B SR I R AR 2R Agent JE T I B HERR . SR AL
S 31N T B A AR T LURUAT fig Hbsk 2> 1938 1 e sk A A T

o WRMEAIEN WA TEE Y Sz R Agent HEARVE AL HE A % Agent [t A 8414005 2T, N AT Agent
{0 B AR5 - 7 1] (BD ) R B0 A 1] i i) Agent (142 TR U v BUA% e R [82] 4% i 1BM 7 [ 35
TR A ECE . B, SR B R SRS H 52 Agent BEIE R R ;

o LAY i) BRAT AT A S s, B 9 B HEFE (case-based reasoning, féii A} CBR)HI 3 i — % 2T
FH 510 0 B 0 LN B 2 (0 8 ) 4 5 R SR 2R 50 E SR 1L IS B AT L 81T — L6120 AR R . SCHR 83T K
ST F B BHEELA O IS Y R S A AR R R

o itk 3] (reinforcement learning, fAjFK RL)MAT A 2%, 3G 3 ) 46 S R R 1Mok, B 82 ST BB IRIR
FIPEY 0 R 38 1 A st £ (trial and error), 55 PR35 A8 1 3459 SR, et 5w SCR[84135 Ak 2% >
A LA G N T B VR RGN SRR B rh i S R G b A MR R 2 H ARk
e s B X g SR AME S . B (B k) Rt S i R U s )2 K-Component 15 H
& AE 34K 2% 3] (collaborative reinforcement learning)5iZ:, e X A% G sl Ak 2 S Sk b OABRB R HE4T T
Gy A A, LA S B (38 R B 4 78 4 A sUIRBE R 1 ] BB

S Ay — 2 T L B8 S R S N R B AR A G S D AR L R AR 0T,

(3) A RHHKHA

B B 3E W SRR S U S A SCE RO IR R ES . iR (A, A RIA B EIE AL

o PRI R AGENIRER FIERMZ — T 2R 2R H N EE A 0 O R
Abdelwahed ¥ 45 7 ¥l 4% ] (model predicative control) 5 ] £ 43 4 2 £ 45 v, SEELE B8 1 146 BT,
Karsai 2T~ i B 45l (supervisory  control)BHit: 44 Hi& S A R %43 24 Supervisory JZ#1 Ground JZ,
B 1 ST AH A A R, 5 97 57 S A Thi AT AP Kokar 2 T ¥ I BB HEHH T 4 Fhik 2 B
P s R 7 e {422 11145 (software cybernetic) T2 BIEE 458 1l 1 Wk S5 30 4k e AT g (881 2 2

o WIit(decision theory): BRI 5% 76 BRET AT BE oIl 58 4 THAN AU B0 R, e S8 38 0 4 whe 555 DA K 4T 35 391
S s Z0F PR (utility theory)FIHE 22 21 i (probabilistic theory) & ¥ 5 6 1 Wi AN 1 25 3 7 B i 5 ]
LA Ak i SO P i i, i 8 JO0) m AP Sk 3 08 A 485 R A DRI 22 090 AN o . — 38 A0 1 10 Y o 28 75
BT RTIZ 0N :Walsh 25 0K 30 s BOH T A 3205 S SR R IREE N A 2 u B A
P5AL 1 FE S0P MADAM A 25 oK S F5 6 - 902 1 2R 45 M () 19385 17, e 5 {0 IR AT o o 1 2R
R 4 S A T, M B P K AT O o R DL IS0 A % A 1 T T G LS W 1R R
H 1300, 2 2

o EWR IR SB[ R R G 6 AR A R AR AT R AR R SR 1 IE N AT A& AR 2 — STk
[O1]2E T FH g . &+, #ik(chemotaxies). Stigmergy Z&/E4 M4 2 T HTEMN T A&
G (1B VR SCHR[92] 4 Hh AR 4 2% T R B 04 55 2E6 A ] LAY T 38 4K 1R B 21 24503 o Bionet o )44
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R B o 0 R A 2 B T 2T S R0 10 SR (943 it ot A kA R A
SR ST 3 WY R SR 5 1 EE IV B B Rl NI 25 K A5 4G
o FLARIZ B AT I LAt — SR T R IR A nT AR A 1 T A s 5 A R AU 6 B 2 T RS
MU T4 Sl A4 P RS T IR U R, 746 2 Agent 451k CL 28 47 48 14 22 % 63 TR 13 g 9L,
3.4 MITEBER A

X WA AT AR 2B DTS Hh ok A AE BLIUT Y EDVAC (B B As it [ 3 13 SEML) P RE P48 A i B A
AL DU A 28 R D BRI T 1Y) 88 SO (self-modifying code) kil BIFE A LA . J8 A
A5 R T S A B P 2 RS AR T A A 4 AT T RSB P Bl A AOP. SETF MRS AR E . k455
YA AR EEITH S BR T LUAEAN R HE R F SRR e S 2.

(1) h7s AOP

B4 AOP 1217 B [ /5 THI (aspect) g £ B A S I AR 4 (14 70 2848 g, o L 1) S LT B0, 368 456 P 7 ST
S A AACE (proxy) BETT R . ZHERIR IS B BN STIR[O71 T A X R AT T L HENA KA
BHSRBEY) G RN BRI H A FEAMSCRSE), M, 304 AOP Refigiili & B £ R4 iGN ae 1 3ha&
PEy GBS, wEE . SCIRRAIRLE ol SRR I AR 1 I R AT — 1 Y (1 S (R L SCHR[98]4 T SR RN
TN BNA G54 SEILIR A [ 38 3 1) S 46175 CASA(contract-based adaptive software architecture)dh 77 1 [
A LN TR (unweaving) A2 SE I A [ 38 B 1 32 223 4% 22— SCHR[9914 FH 1 1) 77 1f (1) 21 26¢ (aspect-oriented
compostion) £ A S L #k £ 38 )3 ; SC R [L00] THI 1) #4) £ 44 28 G5 IR 25 0 2t ORIE (9 75 22 32 T — N IE TR F gl &
AOP {173 I H 1) 1 3545

(2) FT MBI E

ARRE T ) AR T i R S R TR R BR M BR R A R AN R

o AL ORI . ISR K

o TR FIZR AR N D (bR HEAL AE AR A T Bl A 4 ke . BB AN L.

J5i B T AR A AR AR B g T N AN I A 0 B B R 7 SR WA A 2R T LA o R Y
AHLE AT A LB, AT B EhRERLE RN I B R AE VIR . 2 B (AL A B 25 451 - SOFA
R AL I Hod 8 DCUP(dynamic component upgrade)iffi it sz X — RFIIEAT « il 6800 fl 5ok SRR PR e 26 T
20U SR [102]25 H T S 2R 11 5 A HC B R T RDRM AL N 2 2% 523 StarDRP;Accord [ [f] [ 32 143 40U,
I A 1 2R G 10 5 2 4 ok S B 1 o 4

(3) &ML AHA

BB R R ARR BEIE AT AR A P S AL ISR, AT AR R . R AT R IURTRA R e T )
%5 (13 7 2 (service-oriented computing) i FH A 45K SCHFHRIE L BT . FTELERAE L RTISAL AN MUBE ) 53 A 2
JEL B0 T 2 PR3 5 1 1 R 45 0 5 o 7 T LA 8 24 5 6 60 A0 PR R 45, IR 45 10 4L D6 2R T LA 80 28 R 3, AT 2k
A 216 DRI R G Ak 1 S e (1041090,

(4) RiDzh&T#H

RIS BN AT SEFRAE S A U IR BT AN [ 45 2 2 (R B AT B 7 5] o AR A B % X R B 7] LA 4y it
TR A ST A O i AR ACHD KR A IR S — I A% 5 R R IUAUGT B AR (R ), AT IR HE AT
B TR 2 5T o] RE R IR IS AT

RADB AT A B /AR N AN 45 sl & SR A 19 38 BV (1 o 2 B ML B SRR AR S5 149 3 3 3 v
[RAE 45375 Offloading ML l——FE Bz At " 45 R 41 (88 80 = W SR 80, 7] BL Ao VR B 20 A2 45 MRS 3hii 3
AT B o PAT, TG L R FEARAS . P45 Al 55 S5 B 4548 445 1 :CloneCloud 5 H g% F H MEFUPLIT B 0 R,
TG4 LK 7 501 46 16 % TR AT B (execution: block)iE A% 43 2 3 $ A7 1107 76 SCHR[108] AN B8 8 = 1 S
PRI 53 1 2 SR Weblet 184 £, 0 VFAR 5 512 BR IS AT I BRI BA T 1C 15 SR e, AT 3 A& bt 52 Weblet S 7EH5 2
W25 Bt AT I FEAE 25 I AT 2545
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4w

P

iy

i53

ARTTEECT T AT IAE L DUR G AL 3 L 538 AR 7 R AR IR R ST E X 2
MR S FLRR A PSR AT 88 AN R AT 10 SE BB AR BT 40 47
4.1 HEIEEDR

(1) Rainbow

Rainbow® 310V - phy JEpfg o K 4 pE TR IT 90 T M0 15 I T L S F bR e — AR T T SR
AR R SRR R ) 1 IE PR 4. Rainbow 1B ARS8 K th R G025 T R e 4k 3R &5 g )2 401 . v

o RLZMHIRE . PSR IEREN . X H AR R GEHEAT £ 42 8 45 100 2500 2 5 41

o IRRGEM S TTAEISAT I AR AR AR BT CER A S GRS IS AT I R R 45 R R gk T B T AR A R

T SR W il 3@ B B A
o FHPEJE TR AR R G5 R 2 BT 1R B A v S S B A R 2R A H bR R 4L bW O A H bR R 4
BEAT A5 25 3.

IR AT — 2 SRR A AT S S A (SR AR B R ) A5, DA T B R T A AE B T R

(2) K-Component

£ K-Component™ 38155t 5 v 38 17 I 14 28 45 M B8 R0 AS A AT LA g 4 2 9 385 1 e S35 B A0 0 40, A T LAAE Ay Ak
A R 45 P A 2 TR R P N 1 T ek R OB SRt H b R G AT AR LB B AE K-Component H R R 2 5 2 SE4A,
B BT 58 T AT 55 75 2% 4 TG J2 SEAK, 570 B 0 Jim SRS ok & 1136 . 3 E . 1138 I 3 AT LA ) 1 B 4438 1) (O o T
) 7775, B AT LR X SR R 5 R AR TR 1046 14, I 3 2 8 I R R 45 44 it (architectural - reflection) ML 1 A
SLFRIEAT R4 L.K-Component 1) 55— s & K F K A — AN 115 I 3 R 35 25 3% [A]— AN [l 43 (reward) B, AR % T A
TE NI 2R K-Component ] DAL T 148 3k SE LR 2% 20 8 1 AT RIS R IR R L 30 A Ik — 2 i i 0 i Ak 2%
SEL Iy A A ok SE I 2 AN & 05 TR R By I

(3) MADAM & MUSIC

MADAM(mobility- and adaptation-enableingmiddleware)™ 105 37 e f 2 BRI R [ 3 S 4K 132 47 110 o i) £
7E MADAM [ B o [l — ¥ 0] LAAT 22 A58 & AN [l FR 858 1) SE A&, 1385 8. 32 BRI A SR TR (1 ) 25 1 4ok, 481
4 N AT RS BIAS R e 4 BN S0 2 [7) 5L 1. MADAM L 4E 3 1 9 2808 17 A R 45 R A A

o HEAUAR R LI BIALIR I T 5 B L 1

o SRR SRR AR DU B T X I ) 4, T2 T AR A S T A

MADAM [ AT LUK 8 >4 i IR B8R 245 R 255 FH B 500 AT K] A 24k 2R 4% ) 5 78 5 e e S 381 i 49 4k R
SRR 4 M HEAT SR D)4 B AE . MUSICIMLEL |3k 1 38 R ML — 247 8 2 T 17 1R 25 1) 4 2R 46 #y oy G
S A ZR 5 AR T (1 % B T DA e ) A S IRt T LA B A R B IR 55

(4) Auxo

Auxol™ 2L DA R E5 K D s . S IS I B T R ATE AT 1 R HE 2, R o A T AN RE % Se Bl
T8N, AT DA SRR 3 =07 (g 4 N 53)0F - PRS- AT AT I I A 1 RS AR AT S
L& NV RE 7. Auxo HESE 2> A1 Auxo R R E5 R XURS R Auxo G247 SRR, 5T L R AU TSR
Auxo FAFFF K K1 R 450 03, LG AR PR AT A SRS IERE T A LR A T AT LA 2
5538 1 A RE 5 4 113 A A AN BRAT B B R REE GRS B A T A5 5 bR R G R R G RS AT I A
RS RIREAY 5 T ] DA T8 AL SE I 5E N, 55— T, T A R A R B B O iR R A M T R,
DRL UG 55 = 5 R LA a0 T2 N 3 5 7 6 A O 2R 46 M ke ™ R B0 1) 3 Y i

(5) 3PC & PCOM

3PC(peer-to-peer pervasive computing) ™t L3 145 15 5 o W] LAE 22 AN 2 W E A B0 338 1 318 S R 10
BAFIEREBEORE.3PC il R — SO AR A b L 4% I 45 AT I 6 ) OS2 A TP A BASE, SCHF IR S5 S it 5
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AT SANDMAN, ] [f] %5 Y5 5% R 15 46 () 11 35 WA RS PCOMISILL K i i 22 4 I FH B 7 6k 490 B A 35 1k 4T
AL COMITY. H:th PCOM #4 HAT i X SLI¥ 32 2 (contract), ik T %M1 T i v 5L e U5 A58 AT HR 8% . 1
P TSR ARE B 1) 3 6 e Rl T i D 45 3 B 2 B ILAE PCOM 28 3 K4 75 SR ARG 132 40, B & shs
R R A 2 TR P B, IO N T P R AR A R — R R BT R R IR 55 ARG R L RS ER A E AE E Th e IR
GRAIESYIIPN

(6) Fractal & SAFRAN

Fractal /& —Ff Sz 55 = 5t A0 M £ 52 59 024 Fractal #4924 11 4 25 (content) A1 2% (membrane) 9 #4543 21 B 1l 2 52
TN 55 18 4 o SNSRI Ty BE 2 115 5 2 N 28 AT b R0 B, S I A P A o P A A R B AT S s il
VA B2 VIR A7 AE A5 A P TR AT S R P 8 4 ey T AR IS AT IR 19 48 R0 U 38, AT Fo 7 Fractal I FH 1 1 2 45 1 b
B A5V 0 F14& 2. SAFRAN(self-adaptive FRActalcompoNents)* SV & &} Eractal i {45 2 (¥4 &, ‘& 4 il Fractal 1
A Sk Ky 32 b 45 3 B A P AR AT 52 48 5 (domain specific language, & /R DSL)SK 22 ik B & N I8 48 . [ 3& N 1% 3R i
B4 AOP B ARZIN F Fractal i {FH 1335 T Fractal #4410 5 FH 2 4 HIE N g ).

(7) Accord

Accord™ MU DSt 5 A& R 0 RS TS5 R 55k 5 5% A A g REARE TR RHE 2, UL S B 11 R M 3
AP ) I 50 2 2020 1T 5 P A1 2 ST ) 1 3 1 6 7 2 82 A I 0 ) 1 T AR A8 T S v J2 00 )6 B 1
54T N FIAS B A —A> Accord [ K Py 4 I Agent, T LR FIARAT 02 SCAR RN, Sz Bk 5 Fy 1 32 4 3
1 2 A ] R A F b 5 5 4 s 11,6 2 0 R PR A AT BB K T S o A PR A TR AT 8 o 1 2k 7 2% 45 b
S A T DU S 2 0 16 R PR R AL R Gt AT A AT B B 0 0 G L TR AL Agent SRSt (1 R £ 58
g &

(8) OpenCOM & OpenORB

5 [ 2% R K2 (1) OpenCOMUSHEL [ [ 2 / R &G Il PH 45 R G B 1 A M A S 700 0 e 3 b o 3 T
SR TR IBCHE AT 3E B R R AT E.OpenCOM ) 58 H A U5 TN T R P HE AL, 44 2 HE 28 AR i BT DL A 4
LA ORI () 5 £, T LA 54 7 HE 242 (10 4 1 40 22 . 171 OpenCOM 193 17 34855 v de /MK 11 P A% A0 3
TR R HE SR 2 AR, B 2 AT LA S B 38 AT I R 48 45 R RTAT A ) Je 0 R U 4 . OpenORBI!E 19
OpenCOM A& A5 R AE e ) £ 45355 [ 1V FH .OpenORB # H (A1 44 N 8 A W SRS B L 2 P AP BT, AR B ey
PG IA) el by AL A HE A A4 e ) ] AR B 75 SRR Y8 1 AR 4 B 75 X B T

(9) CASA

CASA(contract-based adaptive software architecture)* 2L i [f ) A PR BE T [ 38 N 4 1F 1) 7 FH R HE 242
CASA 1 LA Jo 7 Y505 H 45 W e M 400 1 FH HRAT BRI (¥ A8, AR i 4k 5 Bl Pk kg 3244 (contract) [ 138 1V 55 s 512 e
3 B AR & B PT IR CASA SCRF IR 4 28 R RS2 1138 B Hp 124 1 SEBLE 2 AR 45 1 3
AL 5 B PROSE 225 4 23 58 95 52 I 7 T 150125 G SURVRCS , U FE I PR AR 52 11 [ R e 5051 B I8 Y Jed 12k £ 3
AR B 1) B 75 T 21 5.

B T R H A, B Py 2 7 R TR R R R R o B S X H ARt IT R T — R 51 S i 491
W1 SCRR[A20042 T — R T S 5 3 b ) PRUASI22 g 9 44y B 32847 - 6, T DAL T4 28 45 1 S 35 ke SE B e
A AP 1 445 ) 1365 7, 3 3k 2 A e A S R A A 29 10 512 4 1 36 I SC R [ 1231488 HE 7 T i o9 A 81 1) A 35 3K )
IR IR N S PR AR, R s T T e 8 s R A8 A7 I Ak 2R 5 R R R A0 3 ik VA B 058 1 8 5 qk 3l B0 R
SCIRAREASE R S A P S5 RO Sl AR I 1 AT S
42 HRIRDH

YR I, S A0 SR -FAA T U0 BLAT S 11 36 A R A S BR Al % 1 45 1 T8 4.1 T g s R I
FERRAT: 3G S HE A 8 A 44 BR AT 1 1) S BB L
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Table 1 Realization mechanisms of typical projects
F1 U S LA
SLRLIE
A K A R BT
. T P I B O AT T A JET Stich i 5 e e e
Ralmbow | "o e mudt e i HIB D) 1 W i, kel
K-Component |  TE/HFPRARA 555 1 JEF ACDL ifi % oV 22 28 ) B L0 A7 B T
P AR A ik H Sk L PR P 033 15 5 413 1
MADAM & FEA LR SRS B T SCHOH R B R 55 1 AL 2
e e iveoien S 5129 5 25 0 B 068 A7 4 e
ST AR A K 2k X A
avo | i ERRES | BEEEbERT. | AHPHE S R WA P
o e ECA JH 2 (6 SWs 3 17 1 S B 2
T A P L 1T IE T A7 0 A R R,
Accord (R R PR A ST DA A A R A B S e ) 2 2 2
Fractal & T P B JET ECA T i 0A -
SAFRAN VSR RS SO ST JE L FScript 1 & 2tk 14 ) 2 i B 3 1F
LT B U B TR T | 7 e T 79 B ) B s e e T
PCOM IR AR B I 5 S0 0 1 1 RREEAEERIR
1Jj 1] OpenCOM %2 g
OpenCOM & | . tgn o o i o H TR L P A " A —
Poore | oMmmsm s | LB SRR 1) OpenCOM JE i 4k 5L T i
H A Z3R B AR
ST U 2 U s B o e e e | SV BN B 7 T A A R
CASA NOTE R gy | 1 SR REGEIERNS | T v i s A

MRS AT 2 717 (RRF A0 28 75 32, i s 2R 00 o SRR AR B 3 N Bl R AE L3 2.
Table 2 Characteristics of adaptation actions supported by typical projects

=2 WITH P SCRE A NS B0 IR AR

T 3 8 50 2) TR A
G e | DURRED | RRELH | BLE — WP
wag | pam | SRR | CRRS UL | MR | S | kR
. WHRA | " v | ol B0 | o
Rainbow S U IS gL S P Herh o L Ha3 7 VRN
.
K-Component | bk | afFdon | mE | s | R | SRl | o s
M | shusrs | omues | BE | sm | R febp | dEs | R
PR | ; ; " 280 | o
Ao | BTN | mew | R | st | R B | | R
PSS | o " . ’ | serar | SO
3PCIPCOM | gy | SVTRIRNE ] S 7 Fr it EHIERL | o
—
accord | pra | sferes | R |osm | ow | s | 2R mme
o
FRodl & | i | afEsn | s | st | o | e
| e " P o 37T —
OpenORB | pyiika | abfesins | ki | s | R B | | R
WIRE! | o | oo | - s ZH | R
CASA iy | SR el I & e et s | i
Wik 2 WL
(1) ARG, B AT R 3l s & v S AT S0 0 H (W1 MADAM)E T 358 6 9 B T 3R 5520 A0 1) T 4%

SN, JEAl — 26T H R ) I H AN SRS SR AR AL ) 15U SCRR (- K-Component), 5%

BRI BRI S AR IR T CPU AT Z L N AF R/
FEYSREIAT, A8 K 2 HOWUH SR T S5 DU G fif 0 (0 5% 1 3 A S 14 75795, 2> B0 H (W1 MADAM)R ]

@

A5 f==

SRS

© PEFRER AT

A 1A) BECIRAS (W1 Rainbow);

http:// Www. jos. org. cn



T i 08 i e 4t 1993

TR T RN SR BT vk, LA v D SR B AR LK 22 B H A SO AT O B, R % BB AR SR RE D
FELEY e B4k Bk T K-Component i [ A 145 /F 5 Ak 27 ST AL AN, BUA O30T H 2 AR #R 25 18 AR
5 rP LR SR K BE R AA A S AL

(3)  AESRAT IR AT T H K 22 B0 S S B8 AN S48 38 .t T I e T H A R I R B
SCRF A B AT I AT R A FE A Ot PRI 3 N Sl A TR CRLER TR e A 2 R T

5 WHREBE

AR A R BB S AC. N4 B R A, RN, i A7 BRBE R I T T 5501 A0 A8 A A0 S A A A, A
A3 BR A 181 3 R AT W 5 K Bk . 545 S o I P 75 S R 224 A 0 40, FRATT I O, O V7 6 A Ay s RN S B R
o, B B 38 BT BB A T A T

o LIVATAT R K A B AN

o TR I F o A 3R G TP A 1 IS

ARATHG AR A SRR TAE B350 45 AR R AT Tk 34
5.1 RIXFAHEE

TERR A TR AU, B (13 AT R 5 4 5 T M AR U, BB T P R SR RIS AT IR AR R T LA i ok
RS TR AR T, K e O AT 92 R 3 — B R AR A B0 1F 3 o7 A il R e BT KA R . MR R S se it
B O A RGP AN E P TRk T AT B 1 N 2 TP S E P sk BT AN Ty T
FRBE AN 7 VAR A 18 5 00 52 2% PR A2 40 I R B B AR ME X 3R 5 5 I I A B 8 A 45 A Al R
TR 33X 59 19 20 A SR S5 i 5 SR P 10 R SR B A TR B KBk 1 10 5 10 52 2k DU 75X — ) R AR 7
B Ay 7 U8 A5 G S T B R SRS ) o SRk R e el T A e I A AR T 2 4% B A SR TR] I AR AT I S AT 58
TR ] A A 3 AT I Y FE 3 N 5 T 8 T 325 A

N AN T, 7 B S P A 11 S B AL, 1 R) I A 2 S I AR T T I 1 S KBk 4 A B
RS B 5 3K, AT K A SR 90 345 32 B 4

(1) EFXEASH E PR B IE R SR B

FEIRAT 10 B0 48 SR I N4 S S5 7 V36 mE b B AaibsE o) L Sh i IR N TR BE Ak Y
BAE ) A P RE 7,2 138 N R A RS AN 5 1 I AT AT i@ AR 2 — WEREALE X —J7 T & — L8]0 52 B, 91
fn:Rainbow 23 % 4 [ IE N 1) 45 AT VAR, DA R A A B T TN B bR R Mk Y N — 2B B 1k
FUSION T I J&F HL2% 2% 3] ) 7 12K S v 555 38 48 1) 15 2k 1 42 T2, POISED i FH bk 48 B4R R VP A1k A 1 5 2k 1)
FEURE A0 B 5% 000 406 I HE AT e S 1027052 BT N T8 e AR BIDIR A 5 92 A 5 A 0 52 o I T 37 55 3 1) K
AT R R G RRE B Y

(2) SZFFEIE N AE 74 RN 2 1) SEBLAL

IR A S 7 RIS AN 1) A T 55, 22 AT P HE BT, 7% S 1 A 0 < S AR - R SR - B A T 1 T e A D O S e (o
) VR A5 0, 22 S RO 0 R B LR I, R R SN R O S 0BT ) R B R T BRI P SR R T R R — T T
ORI T — RNV W ACT W78 [l EZh a3 83K 25 (rule interceptor), 5T A7 1K H 1& RAT
N2 Chisel fo VR0 36T Igunald i 55 1O eI 2EA T 3h 2 TP Auxo U BE— 253 T 3l A& T H R R 45 BR
BX PR EY B, PSR PAT AR

BEAT ATF 0 S5 3 A T SR I G R e IR AN S Tt R T T F O 9 T RELAX 75 SR8 5 0T LA
S 3 I R AN Tt i ) S K T R R O 5 Tt T e IR L N AN i R TR
A R H A R S AR S A I R B A R OB B B il — R RN IR R,

52 TMBHKRBIEMN
BEAR A TGN FR S K 2 A 45 5 T X e gl A B A S I NS S B Rk 2 S B s i R
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B GG A KA R G S BR0E, M2E R G R B B S AL 485 5T 38 RS2 B 1 . i+
A RIS (0 Ji AR 3 A T I B ) 4k
(1) KHBERE AR S B A
G AT P Sy BRI I R SR T WL, 81, A S AR ) AT A S BRI R, M T B A MG R 4 T A 9T 4R R R
A AL AR ) B g PR S B A A SR 1B I B il R S0 A KBS 2R B A e Y 2R 2 A 4 R 3 (1 R AR
AEEE . W sh AR E 2 4R Z I _ERARE S WA sEIE SR SO EE R AR WES R T =
S F [ 2 2 TR I R R RE M S TR0 A [H 4h 2 4 K Urban Sensing(urban sensing),People/Human-
Centric Sensing!**}l Mobile CrowdSensing!™? 2% K & #5 LA 4 #% 0, i M K 2% /) Common Sense 15 [ 1331
Dartmouth K241 MetroSense 51 H 34 45 31 T K221 VTrack T E 350, 52106 3 B0 T 22 B2 (14 1karus 5 H
(1860t IRLE 3% — 77 [ e JF T 9045 52 Bk 30 o 5 3 T-H0HE 0 1 41 8 (data. stream reasoning) 25 AR IF 5 i SR A8 ), K
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o HEHRAy R WS RIIE T AE 2 A 4 R AN PR R - A I DG RSk S I & N S AR, e 2R s 4
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2 (JMN orchestrator)**7);
o [AIMIAESE R w3k, B SR F 22 AN WS a5 IR B A7 AE BB E MR AR E . A= B AR B R SR (1 s 45 4L,
Pt 1 R YR T AL P 18— SO (IE. 451 G, SCHR[138] 4%t — ol i 17 40 A R R eI A AL UK E A R
2 g J T R VBN A (R (3 S 3o R A 2R 5 R — B
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