243 ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2011,22(4):609—624 [doi: 10.3724/SP.J.1001.2011.03762] http://www.jos.org.cn
O b 27 B SR AW T BT A Tel/Fax: +86-10-62562563

BER % Agent 2SS (THL I IR A B S SADL
§75" 25T ¥E0 I &1 Fig'

Tk
"(E PR AR KR FENLEGELBIE K 410073)
Y(EBRFERAR K HHMEBE JEAT 5 040 db B K e = MR K 410073)

E“¥

Running Mechanism and Strategy Description Language SADL for Self-Adaptive MAS

DONG Meng-Gao', MAO Xin-Jun!, CHANG Zhi-Ming', WANG Ji*, QI Zhi-Chang'

'(School of Computer, National University of Defense Technology, Changsha 410073, China)
*(National Key Laboratory for Parallel and Distributed Processing, School of Computer, National University of Defense Technology,
Changsha 410073, China)

+ Corresponding author: E-mail: mgdong@nudt.edu.cn, http://www.nudt.edu.cn

Dong MG, Mao XJ, Chang ZM, Wang J, Qi ZC. Running mechanism and strategy description language
SADL for self-adaptive MAS. Journal of Software, 2011,22(4):609—624. http://www.jos.org.cn/1000-9825/
3762.htm

Abstract: Self-Adaptive systems have many complex properties such as openness in a situated environment,
sensibility to changes, and dynamic of a system. Finding ways to develop such complex systems is still a problem in
the literature of software engineering. In this paper, the autonomous entities in self-adaptive systems are abstracted
as software agents, and the dynamic binding mechanism for self-adaptation is proposed based on the organization
metaphors. A self-adaptive strategy description language called SADL (self-adaptive strategy description language)
is presented to describe adaptive strategies that express how agents adapt to the changes. The complier and
operating environment for SADL have been developed. This approach enables developers to separate the adaptation
logic from functional logic of self-adaptive systems and explicitly describe self-adaptation in order to simplify the
development and maintenance of complex self-adaptive systems. This case is studied in detail to illustrate the
effectiveness of this proposed approach.

Key words: self-adaptive agent; dynamic binding mechanism; strategy description language; environment; MAS

(multi-agent system)

W E: JEEARBAAREI AN, TR, RADSRFL LML TIAFXIELE L E2L0TF L e
B REAMKMFIARXINEEFAELRATH Q EIBFRAINGE AR Agent EBHARF LA E T LH
A& M A GAB AT S A YR RN R T KL Agent dof3iE IR TG B iE R84485 5 SADL(self-adaptive
strategy description language),7F &£ 7 SADL #) 4 iE 83 AE AT XAF ML B 5 kW A L AE M A %0 AiE M EHE b
413 4540 % i 14 SADL 3% 3 R XAk R 4t B 18 MAFAE A WAL T A4 B8 8 R AT A A 47 18t R )
AT RRET AT AT LR Gk RIAT A A BB AT A IRIE T Jr ik bR Ak
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KEER:  AEN Agent; B A G EAH] H AR E T 3%, % Agent A4
REESES: TP31I XHEKFRIRED: A

AR, B AT VS HLI 2 U Internet 1) 1 & ¥ S22 N BEOR 22 (K BCPE 2R G de AT AR 38 A
Internet 2 = Internet FREABNZA . JTICAIAS AT FE PE T S5080 38 TS0 BN AR S8 i BAT B i 1) B O I g
BE % TN PR 558 110 503, D0 oL T 4 1 5 R 9 A AT D SR R PR 5 1) B 2 A2 SR PR R SE e FLE R R 4. H
BT, 38 2R 48 CAEAR 22 UAS 2 L B K (38 A7 (0GB 55 R 48 AL E L SRS, ML SRS
EEARGE. HFEE R P R RGN A SO SR FUE Y RS MIT R . B AT AR OO K
PFTRERE TR (48 R, B ARRBUAE (1) 78 A& N AL 5 1, ] S A B HL IR 8 5 00 AR 42 1 B 3
TR AT RISEIL2(2) AETE BT 1, W AT A R RO B & MR REAT REAE . MR BEE2(3)
FETT R ABAT (1 SCHEIR T 5 T, W] R X SRR 2% R GU K T A B A TR A & (1 50F52

A BT 138G I 3R ST IR U 20K 22 B0RE TP 5 00 R S S LRI AR AR P ot 1 36 1 R SIS AT LK
AN TBAT - S-S R - RIS AT (KR PR T R, SR LT ) % S B A Ay i 1 kR 45 A B R PTAR
e o) P R AR TSR o A 3 52 B AT, 68 B B AR AT LA J) R G B ¥ R A R AR B AR A X S AT A RS
FEAESCAE iy JRL AR AN T L AN AT B 320, DRI SR AR RE DI A& N AR B8 S R AR AT AT 2 & . AR
BERI > AT LA BUAT 38 2R S8 1R A 3 300 5 4 AR ST 1K) 1 9 I A AN 95 8 AR A S A S IR A AR AT LA AE i
R 55 32 4 () 7] I B4 2 S G N A (B o T P A AN R QT s (K A 28, 3 BT T A 1R R G A R 2%, R 4L
16 SRV 4P 25 5 51N (R R % 0 R R S I8 AT i T 8 75 SR B0 1 3 I 7 SR A A 5, 3R 0 52 1138 4T 0 AR

BEE b3 0] L AR SC B AERIE S A B OE R SRR B AR B DL RAR B B R O WL RN S 5 YO, LA SRR B Y
RGN IEFBAT A SO BIE AR G0 A S % 3 A Agent B B) TAHARAZEDALIRH T
B AGp DO B IE N AL IR T AN IR T A YR E MUK S Y 5k A 1 5 SADL(self-adaptive
strategy description language), A% H i M & 55 54T 5000 5 20 048, SN B 0% Y. R 481 B0 N AR AL 55
WAEAH B AR SR RSN T S SADL 4% 3455 SADE(self-adaptive agent development environment), Jf:
HEAT T RHIES.

ASCE 1 BTSN RS AL O TR ARNELL. 28 2 45718 SADL & 5 M5k, SADL )7 14 1 fl
PAT IR DL R SRR A 3 1o S 4 W, 0 8 B Y R R I R I R, U BH T VR A RO 4 TR oG L
FEREAT X LW B e s 5 4SO R BB i — 20 AR

1 BENARZWWERE

11 Bi&ER N

B PR E N A BB O R IE 6 2R R S AA N B IR AN R B AR AR, O B A R A B R4
J e ST Agent SEIE TR — IR N A B . RIGHLAT B0 1E UG 2 e vl B AR AT S S0k, B 3212 Agent
PR BE AR M DR, A SO G Y R S h I SR SN Agent, ¥ BUE N RGN 12 A Agent A8 FLAE TR A&
1% Agent & % (multi-agent system, & #% MAS).

TAIE BRI 2 S ALUEF B IE N RRRE, A 23 B R4 I8 A 230 R 2 I A 68, e Bl A PR B8 1 A8 1k
AN T R 28 T P 473 D £ £, AT JE 7 At o) 28 R PR P0G P O T A AR 2 DAL IRAT TS B 1G22 Agent REUH K
— ARG F AR P e 838 N IR BT AR Agent FRO4 & MY Agent(self-adaptive agent, {7 SA).SA i B 7E 3 855
rp B0 SR PR S5 A A, I AR B RAS R B R Mg S AR A1) B AT A, AT A BT T A £ 1 2l AT
g, VA N R B 2 I 1 R T FIE N 2 Agent REHEAT /T RIS FIRYIE (1 41 2T R A,

o MLURIRTERE 0 —A R G AR AL HAERN Agent 4

o AN Agent FrALIIIRIE . A B TEANAT b LR AMEHE IR S5 M S R 7=, R IR T Agent 7E41
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ZUR L A 2 B BT A GUCR, WG R . ERZOCR L IR RS A S A A 4 38
TASTE S, B AT T IS 2 ) (1O R

o LN I AT L ZVBEAT B I S 30, B HiE T AP A G UL T2 R AL SUG R

RV REE S NP E TIPSR

. ((Dynamic binding))
Organization b—{ Agent
Concrete level 7~ 1..n* % «

Describes : Implements

________________________________________________________________________________

Abstraction Organization
structure

level 1 *
Specify Situates Has

: |
Organization
relationship

Owns Provides

Service

‘ Environment ‘ Property ‘ ‘ Behaviour

Fig.1 Meta-Modal of the system based organization abstraction
Bl1 T HSUM BN B N R G oY

ML SA W LB AT — R AN B @M ARAE(E I . B BOS FBAL) BAE E AN A IR A 28, A
T8 S PR B AR A S A T I I N sl H A (208, AT 3R A5 80 2R 25 (0. 28 P s SR S5 K RAT R RFAIE. 24 SA IR — A
PRI, IRATFR SA Fh5E T M (2K NI M KRB 470 FREEFIIRSS T A7) A (0 28 ) A7 1
FRE AR ZR T L H SA U8 T B b e I A (28 Ml U T B 40 5 HoAlh Agent Z [H] [ ZH R
KA TS T E 7R Ay SA T8 AT S0 A AL 3 A T LUK IL 48 5 £ S IRPIR S 78 18 IR AN g R
Z T4 AT 290 58 1) A 0 2R A0 T30 BRI, SA. A B AT M (8 AT s 75 U, A £ 2 b SCRIAT 9 AN
X5 SA 7AW B ILIN SA 4T3 RE VS inl C 4B 5E 1 A 28 h (AR R FRATVK X — Bl WL IRR S sh a8 e L, K
JEHLA R SA I FEAALH.
1.2 BiEMNAgentiiEAY#E R HESR

FIENY. Agent 14 1E I EARNEZ WIS 2 Pros, 5 3 A A (SRR BR ( SA BB DL e 1 305 0 SR Mgs Ao Bl L o
OB A0 AEN MAS A S B AR .0, SA 2 FIE N MAS 44T .0, B R
T HAT A R LA I8 AT LR B 5 1) SR I 52 AN [ 10 A (SR B A 4 8 5 110 S5 K AT Dy B2, DA T 3 17 A
R PR 3 N SRS B2k T SAAE FC A i A ST A T DGR — AR A B 38 AT AR, A U Y T SA AR A
il B8R AT TR B & N B . SA FEIE AT R AR b e RS A S P 55 0 AR A DR ) SR TR A T TZAE S S
) H G MAS BATEAF sk Bt AN BN, A& N Z A ANY 55 18 45 7 B AL SRR A R e i35 s
A7 Ji T LA o A 2 B AR S BT 2R G (R A TR

Autonomy and .
RO Self-Adaptive agent
dynamic binding:

* Dynamig binding
*
I |

1 Environment i
Role class -] Adaptive strategy
<> reactive architecture adaptation encapsulation
‘ EnvironmentEvent ‘ function encapsulation

Fig.2 Technical framework to construct self-adaptive agent

K2 HIEMN Agent ¥ il H AR HELE
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1.3 MEmERL

X 3T Y RGBS AT 5 R ORI 23 BT T R 38 N R G A T T AED) 8 B Agent [ PR BE AL 45
AU L CAnMgei e, CPU (3. AL E ) LK BEIE X 1% Agent 7= A58 i (1) HoAth Agent. 2y T $2 L4
— R SRR R 23 AT PR B, T Ak S Y. R G TT A, BRAT K R4 T S B AN Agent(IX 28 Agent #EFK 0
B Agent). [Ftt, HIE M. Agent (WSR2 45 LA A7 T L AUKIIN . 52 RAELHAERMITA Agent H£45. 1K 3
JE7R T HIGN Agent FJFREERE AL H b FR8E Agent SFAN A B R G E T SCFT 3152, 2088 Agent g X T 75 2K
MRS BRI R EYE, 4 4 SystemResource HI¥AEE Agent 47 CPU #(CPU_LOAD). 7 fili & &
(MEMORY _SIZE)% J& V. F1 5% Agent 183 7 FH A4 AL Jk s 3R 19 R 40 bR SCHOR 1 JB MR A

Computational
entity

((Situates))

Environment agent

Fig.3 Environment model of self-adaptive agent
K3 HIGEN Agent PRI AR

HiE M. Agent FAET ARG ALFE RS Agent IR AT RS X AMR AL AR 45281 LA &% 2F i JH
WAk, BE N Agent 8 I AN R E ZEAR 00 R A I AR BT 104 40 AF BRATTHE H 10 05 iR, — AN R B AR 1 4 b
HH 3 30 2 4 FHAE S (type)~ T4 P 2% (content) FIUN Fi 4 25 1) 20 5 (constraint). AR H5 Agent 2401 1 FREE AR 4L,
T B[, BRATR R B R 40 3 28,43 2 SERVICE,AGENT I ROLE, &l di 2 A J o LR 1.
Content 7~ & A BAL MR EE X B, Constraint F Sk % G5 4F 3 7 (19 34 85 28 44 36 [ LA PR & . e b -7 — > AGENT
HRA IR BT FH AR, Wi R Constraint b AgentBehaviour, U 7R~ 1% P 355 S AE X W T 2855 b A Agent #I4T b AT 3
B b PR A0 N T — A = 5548 EnvironmentEvent=(Type,Content,Constraint).

Physical entity

Environment &

((Encapsulates)) 1

Table 1 Type and meaning of environment event
R OABEEIFROSRI S

Type Meaning Example

(SERVICE,“Sell Books”,“Al”’Y means the environment event which
is the service registering one for selling books related to Al
Changes of states, behaviors and lifecycle | (AGENT,“Tom”,“AgentState”) means the environment event about

SERVICE | Changes of service provided by agents

AGENT . : .
G state of a particular agent that the agent who is called “Tom” has changed its states
. . (ROLE,“Buyer”,“RoleState”) means the
ROLE Changes of states, behaviors and lifecycle environment event about that the agents who have bound to

tate of th ts that bound to the rol ’
state ot the agents that bound to the rote “Buyer” have changed their states

h TAEAS HIGE Y Agent RERS BAENFREE AT . R Agent BB [0] A KA PR BT A, 7 SR AL IR BT AT (11
Tk RUAC AT 2. DA s, AT TS B 10T I AN o) IS5 2 S TR (1 0 B 5 AN B A s S A T I PR ST B S Y 5
VT B B PR PR P9 L PR B S A s 1 R R AT B AR A TS W R S5 T R N B3R B B8 A 5 SC
FEF I, SA RE T A I & 3RAF 2L b2 SCIOIA SR, AT F I 28008 2 R 3R 55 30 1 1T B 4 SRk N A 5
AR B A R TR AN IR AR A

2 EIERIKMHEAIES SADL R X IR SADE

FIEN RGEE KRR IR ARG, N T X SRR G T A LE 3, BATIN N 5 BERE B 3G M R eI A 3E 2
5 V55 T2 B AR 23 B, AT B v A AR T AR R A R R i AR G L ) T R RO T A B R R
B FAIEE LT B AR e LI H 3 Y S 1R T = SADL, LA i 45 38 R S SA W] AR 4w F 855 1) AR Ak B
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FEZH FHEES Agent R L6 EATHAH Fo Rk Hhi£ 5 T SADL 613

SR A 5 G AT 8 JT R FIZAT % F & SADE #2455 T %) SADL F2 5 HEAT 4 i3 FI AT 10 S HF.
2.1 Bi&MNKBEIEIAIE S SADL

SADL T2 /3> 1 — 21 75 B 8 1) Rl [ 38 I SRS () 5 SCALIG P 4 7R T SADL H 75 BT A 1 3 SR 14 340 2
VA T TR A A T TR E IS R g 1 i BT A BB A S R R W T E SR R 0 T ) A €
& (12 F & N Agent (K7 B ] T4 8 I S BB & N Agent BTl ,SADL RUE —A> F 18 1 SRS H REA
— A& N Agent AT — A FE N Agent A] LU 22 A (538 N SR R P A W Ol E S 3@ N Y 1) 44
T AHARE RS XSS ) B IE N Agent i EEA0E B (08— € EAE SADL ¥ [ “import” i 1 1 A,
HEAT 1 IEAf 75 B, FUE Y. Agent 3R] LAZEE SADL F2J3 1) “import” i 1) 1] 3 H AT ] — AN ff €225,

Program::=

(‘package’ PackageName ;”)?

(‘import’ ((PackageName “.” “*”) | ((PackageName °.”)? RoleClassName)) *;’)*

‘use’ ((PackageName °.”)? AgentClassName ;")

‘program’ ProgramName ‘{’ (InitStrategy)? (AdaptiveStrategy)+‘}’ (EOF)
InitStrategy::=‘InitStrategy”’ ‘ {* (IfStatement|AdaptationStatement)* ‘}’
AdaptiveStrategy::=‘strategy’ StrategyName ‘{’ (AdaptiveRule)+*}’
AdaptiveRule::=‘when’ ‘(’ EventExpression ‘)’ ‘{” (IfStatement|AdaptationStatement)* ¢}’
EventExpression::=InternalEvent|ExternalEvent | ‘(’ EventExpression ‘)’

| EventExpression ‘&&’ EventExpression | EventExpression ‘||’ EventExpression
IfStatement::=*if* ‘(” StateExpression )’ ‘{* (IfStatement | AdaptationStatement)? ‘}’

(“else if” (’ StateExpression )’ “{’ (IfStatement | AdaptationStatement)? ‘}’)*

(‘else’ {* (IfStatement|AdaptationStatement)? ‘})?
AdaptationStatement::=(AdaptiveAction ‘(’ Roleldentifier (*,”Expression)* )’ “;")+

Fig.4 Part of the SADL syntax
Kl 4 SADL [{#5) 16

3G SRS T SA ) 3G R I 4 L HE ) 46 SRS N — B SR L b B A SRS i LT SA A N A8 SR I I A
T ELRAT (AT K. — M SR (14 5 S0 9 S M 1) 75 B R (0 3 0 0 1 e S, 36 v, SR g6 114D 75 B FH o e USRS 1) 44
FLEIE N R SA TR AN [F] ) 3 55 R AT I B & N AT D AT & X, — B AW “when (ChangeExp) [if
(StateExp)] {(AdaptiveAction())*}”. 2L ™1 ChangeExp /&%) SA JIT AL PRI AZ L KT i i& , StateExp #ii& T SA HIRE,
AdaptiveAction & X T 7R L XA R I SA AT 1) EE B0 1E P 471,

I S Y 2 A A 10 2 b S A X 185 280 G 1) S e 3l o 82 WA PR 305 = R SE B AR SADL ' 4 SA JITib 1
35873 Al 1) ) 7 2 20 o o = A 2 s 2R A o 5 1 1), A A 2 R BN AP OB R T (S (“& &) B(Y7)IE
AL R 2 AN F 4R R SADL [ SR 048 P 30 A AN A S, 9 S dE R  8 Agent B B R AR IR A AR B
AT R PAT T I AR IR A BE  Ath Agent & AE AR ARG KX BB VL WE 5 PR,

EventExpression::=InternalEvent | ExternalEvent | ‘(" EventExpression )’

| EventExpression ‘&&’ EventExpression | EventExpression ||” EventExpression
InternalEvent::=‘ INTERNAL_EVENT’ ‘(’ InternalEventName ‘,” (RoleName | ‘self”) (‘,” ValueExpression)* )’
ExternalEvent::=LifeCycleEvent | AdaptationEvent | StateChangeEvent | BehaviourEvent | ServiceEvent
LifeCycleEvent::=‘"LIFECYCLE_EVENT’ ‘(’ AgentName °,” RoleName °,” LifeCycleName °)’
LifeCycleName::=‘BORN’ | ‘DEAD’ | ‘MOVED’ | ‘RESUMED’ | ‘SUSPENDED’ | ‘FROZEN’ | ‘THAWED’
AdaptationEvent::=‘ADAPTATION_EVENT’ ‘(” AgentName °,” AgentAdaptationName °,” RoleName‘)’
AgentAdaptationName::=*JOIN’ | ‘QUIT’ | ‘ACTIVATE’ | ‘DEACTIVATE’
StateChangeEvent::=‘STATECHANGE_EVENT’ ‘(’ AgentName ‘,” RoleName °,” PropertyName (,” ValueExpression)? )’
BehaviourEvent::=‘BEHAVIOUR_EVENT’ ‘(’ AgentName ‘,” RoleName ‘,” BehaviourName (‘,” ValueExpression)? )’
ServiceEvent:: ="SERVICE_EVENT’ ‘(’ ServiceName (‘,” ServiceContent (*,” ServiceProvider)* )? )’

Fig.5 Part of the syntax of the event expressions in SADL
5 SADL HAFRIAXIH I 1K ik
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SA FPIRSEIEAE IR AEAIRER A GRS A IRS LG SA B 5 HA B MEXT B RS, W SA
145 A6 SADL H %0 FAFT PR (1) 0 W7 2 3l ik X SA FAAT e Pk AL 149 580 0B >k 56 BT 11 3 S DR R0 1 9 AR s 2
HIE MY Agent R I PIFOIRES. B AHOIRZES Z 1] SA TR AL FE i 40 5 A (LS IR S, BT SA &40 € T XA
BT E A (SR b T3 BOIRAS 5576 SADL w6 B AR ZS 1 0 il iy €8 8 I “@ 55, TRtk
AR F IR M (U Buyer@BOUND 3£ 78 ffi (6,35 Buyer T4 ).

B S NARES L FRTE SA BT R BE N B E RS, BEN B2 SA Fr A 1 —ME vt AT AR E
P, 1738 YR AR AT SA B6 8 M1 (285 4 B A 1 1k X P M 7 A €28 vh R WL TE SA 8658 A (428 )5 T LUK I
i FIE L SA INFAE JBPETE SA A JA i vh — EAETE, T HOE AV 8 M B SA IIAJEAN A (8T 7= A B H
AR 2 WL 7E M BT 2 RS Agent S AR T ZEIDN K3 (buyer) ff (28, NI A T FEIA T 4
T e T ot A A Y M, e T S 5 R S AR LR R AN PR X L g

SA TEIZATRE R P R N A B 2R B A T G Y 1, AT () B R A A P B O N 1, 1 s T e
PR REA BN LT IE R A —BUE e SA WA BEN RN a HREANREEM a s b 7 &N R ®
a"fg M Al — A% (a,a' il @'l A4 H AR 4), 46 SA BT R, W0 FX JLAN R M R — AN % 0 g i i —
AN RAET AR A, T A VAR R AT AR R I SO AR T R A — B B B AR S R g, — A4
Tom ) SA H ARG JEPE money, 3 M (4250 H 5 money B P, 13X PIAN i 1 A0 A2 38 ) S 1 7 RO 9% 41X A 01 42
1E Tom 48 5¢ T £& M ER)GE, FE HA T money X/ANFAE JE MR FIE M JE M. Tom $AT T L A AT 1 £
1T MG, A& N JE T money B IR/ B, 1 SREAS e 60 B X FA AT J8 1t money HMEL B2 38 BB PEA— 2L

N T R IR AN —E0R L EATE SADE RN T 4E 4 R o — B0 0E B, 8 T R SR T 4R
P — PR )4 A e 11 A i I S LA SR, T RN A Y i 1V R R AR I A — B 0 B P A AR Ok
TIEMEPTE N A OREE SA FIFIW. B 1S 3RE LA K i o 1) Wk AP #6 el K J2 08 5 Tt S B, 6 T N i
.

SA [ M (L0 45 FA A MR B O I ) WE A7 17 S 28 Bt A B e S TR o S R R A | A R A Kl
AR S T AR RR AR AR A (U List 287, Set 2R Stack F3H45) MR 41 258 48 SADL %t SA fif
FRBIFAA JE ML U5 1) self. i@ 1 42 56 ). 0 52 22 R B RA A & MR 1 U 1) A B8R F 5 17 50 28 B0 J8 1k 7 il AH [)
) 753, R B e S A i P AL A 38 R R I P AR B A — A L B A S TR N T SR
KA VR U7 M, SADL $84L T & TH T HMr A& KB . WA DKEIER G i, mE 6 Jros. 4l
an, vy A 25 2 2R FA A JE T B9 N AT LU I “self.property.include(obj1,0bj2)” K S IE i self 2R 7 A A 1% SR & 1)
SA SEBI IR IRTT , property S 45 7% 25 2 8 Mk 10 44 7 (1 I 2 AR 1) J % 44 ) include & SADL #2415 1) s
P A2 S objl Fl obj2 X BB I 7772 SADL 15141 3 4 .4 U7 1) B0 20 28 & o6 B . g 12k 1 7 1) 5
A JE M U5 1) 77 AN [F) 22 A0 T8 1, FA A 1 1 U T A a3 “ese . i 1 44 BREAE S 58 B, T 1833 N 1
i) 2 8 L “roleName.” i & 4 44 S5 AE Sk 58 1 roleName S8 M1 (028 4 -, HAEASGE K “self”.

PrivateProperty::=‘self’ <.” SimpleProperty | ‘self’ ¢.” ComplexProperty
SelfAdaptationProperty::=Roleldentifier *.” SimpleProperty | Roleldentifier ‘.” ComplexProperty
SimpleProperty::=Identifier
ComplexProperty::=Identifier ‘. ‘length’ | Identifier ‘.” <include’ ‘( Object (‘,” Object)* )’

| Identifier *.” ‘exist” ‘(’ Object ,” DecimallntegerLiteral ‘)’

| Identifier ‘[’ DecimallntegerLiteral ‘]’ (‘[ DecimallntegerLiteral ‘]")*
SelfEvolutionState::=Roleldentifier ‘@’ AdaptiveRoleState
AdaptiveRoleState::=*‘ACTIVELY-BOUND’ | ‘INACTIVELY-BOUND’ | ‘UNBOUND’ | ‘BOUND’

Fig.6 Part of the SADL syntax for accessing the state of self-adaptive agent
6 SADL it iGN Agent SRV n] 11345 T2

RS SA W] 5L 4 Fh 5 3E N AT N join,quit,activate Fl deactivate 3l i $hAT AN [F] 1 B 3E NAT 49,SA AT LA AR H
G B S5 R RNAT by, DT 388 9 BR B5 1 eX %
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FEZH FHEES Agent R L6 EATHAH Fo Rk Hhi£ 5 T SADL 615

2.2 SADLIEFRIHIFFMIT

SADL % 7 283 G 1 J 6 2 AR 2 1) Java 1 55 T2 )7 SADL B2 v 5 SCIR AN ) = 4 26 5 28 B AN [+ 11 41
XGRS EN SADL e (R AF S £ b A A 3045, Gt 28 7 100 S ol A0 28 i 160 S0 B 0 [
KA WA 245 SADL 52 S FAF b A R HAF B2 S HO 2 FORAE FAF UL LI AN TG 200z 2 40 i R A
(K9 2 H0rh S AT RS AT (*7), A A5 2 UL 5C I 30 58 75 P A7 5 AT LA B PR B R A 2 Hh S AT LU BOC R AT
(Tne>"25), R 7 AL S A F UL HC I X N T % S O E NS AT & 8 R Ia AT ILUE IR R 0 T4 8 I 10 % S 1F L S
BT, o T R AR P 2 SRR S

Table 2 Event taxonomy and the event class name after the strategy is complied

F2 NSRG4

Event taxonomy Event type Event identifier in SADL Event class name after the strategy is complied
AGENT ADAPTATION EVENT AdaptationMessage
LIFECYCLE EVENT AgentLifeCycelMessage
AgentStateMessage
External event AGENT/ROLE STATECHANGE_EVENT RoleStateMessage
BEHAVIOUR EVENT AgentBeha\flourMessage
5 RoleBehaviourMessage
SERVICE SERVICE EVENT ServiceMessage
Internal event INTERNAL EVENT InternalMessage

SADL 27 5E SCHAF I H st 228 T FIWT SA IS AT A7 K A oA il (A2 4, D b 044 46 18 )i (10 9
AR checkEnvMsg(new XEvent(...),msg), = & W 2417 SA S2) & 40 3 (10 B (msg) /& 75 4 & XEvent
BRI 5 A 5 I 24 BT IR b & 2R T SADL R F A B 24 B RS v R 2E T N B AR AL

FRATT LA i o ST 50 A1 2 1 S ) EEh (900 A AT AR, IS TR A 2% 0 i 1 TS PR L

LIFECYCLE_EVENT(AgentName,LifecycleName)—

checkEnvMsg(new AgentLifeCycleMessage(“AgentName”,“LifecycleName”),msg)

LIFECYCLE_EVENT ZH (353 & AgentName F1 LifecycleName A LU 2% . 57745 B a3 7 45 30 L 44 (1)
ST R TT DAL AN R S B 1) ST R RS
(1) AgentName 4 FEANF4F 5 80 AT AT 195 45 88, LifecycleName 4 7% AR d i I o 44 2
HEANKFFF A AgentName #IB 1 Agent KA T A iy A HH AR
(2) AgentName 4 4% LifecycleName A RN 745 B 7 A B BC AT 1) 45 ef e 2E i o ST 88 0 2 4
REFHHAS Agent KAE T 4 4 LifecycleName 4 iy Ji] ] o028 4
(3) AgentName Fl LifecycleName #h HEAN 545 3 B 717 A 000 MO0 A 16 = A5 B XA 00 1 178 46 i J) 3
BRI A AT AgentName [ Agent K4 T 44 LifecycleName 14 i & #5044
SADL F2J7 rhe SCIR B3 N B 4 9 35 S5 AR 0 SA S IR B & N B4R 1 T2 2 B H SADL Hh
AdaptiveAction(roleName)4w % il & agent.AdaptiveAction(“roleName”). H:H' Agent J& 45 1 F % SR WS 1 SA sS4,
AdaptiveAction &5 2.1 7P FTIAR 4 i B iGN AT M, roleName & B 4% 52t H & N AT A A (09544 Agent T
FA F 0 I A (0 S BEAT S04k, IR B TS BOIRAS . SA S 3 1 8 ) A5 (.56 1) getBehaviours J7 A7
PR A2 AT A 2, IR FOB 3 SA S AT 2 BA A o AL 3 e i i H #6426 1) getEnvEvents 77 VA 15 2]
€0 2 rp 7 IR ER T A AR 0 A SIS TR R L P B 35 A T 2, DT R G R 1 AR k. Agent B HHEAN A
2 BIN Agent (14T 2y B o MU B 06T T4 1 428 IRAT 2 458 10 IR A2 A B SIS0 IO 1 B B8 AR Ak K 1200 B2 2R
Agent 45 5E 1] £ .51 2= T HH B . Agent 350G SEAN A 6828 RIDKS A 8 28 N AETE BRI BN T BOIRES, U B b TN
] PR AS I, 5 Agent I/E WSS 1.1 75 iR Agent BlAL JEAS A3 €620 BILKE A (028 AE IR B0 R TR BRIR .
T ¥ SADL 274w 3 RAH RN I¥) Java F2 )7, B AT T T FISEIL T SADL 4w 34y 1% 40 1 45 {5 I JavaCC(Java
compiler compiler)® ¥yt JavaCC f&— Nl 23 HARGE ) 1 VA AR AT 4% (1 26 Bl 35 T JavaCC 1) SADL 4 i 4%
P SEBS FR W 7 R, BRI jjTree iy 2 %) SADL 8 VA SCAF(SADL.jj)HEAT Tl &b 2,75 21 W] DL AE B 2 4
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) SADL.jj A48 )5 5 H JavaCC [ ir 2 %) SADL.jj SCAFREAT A 38,43 B FR 1TV 4 T 38« TR0 BT 2% LA SR
VEWSEZ A Java SO Ja ] Java Guid a0 T 1 Java SCAREAT 4t A2 B SADL 4 12845

Preprocess the “*.jjt” file || Run javacc on the “*,jj” Compile the resulting Java
using jjTree. (jjtree *.jjt) file. (javacc *.jj) programs. (javac *.java)

SimpleNode.java
SADLCompiler.java
SADLCompilerConstants.java
* java - ASTInitStrategy java SADLCompiler(.class)
ASTWhenExpression.java
ASTStrategyDeclaration.java

SADL jjt » SADL i

Y

Fig.7 Process of implementing SADL compiler
Kl 7 SADL % i o i Se Bl e

SADL P27 14 AT L FE a1l 8 Fror. Al Al SADL %1% 88 SADL F2)3% %t EJZ Java fCH5 (RN 0K 2),
55 SA F Role — [R5 Java 4 1 4% 4 P 28 B H bR AUD A P R AL 303 R ,IE47 1 & S st gk iz 41 v H

SADL code (*.s)

SADL compiler
Java code (*.java) MAS code (*.java) II

Java compiler

Java Bytecode (*.class) SADE package

JVM and SADE running environment

_|

Fig.8 Process of compiling and executing SADL program
K8  SADL T2 ¥4 ¥ A1 AT

2.3 HENARSHNFAINIZITZIEIRESADE

N T SCHERIH B A8 E WL R SADL 8 5 4001 Bk RISEIL 38 Y. R 46,78 JADEP [ SEAE 1 31151 IF
SCILT SADE JSUR R 4. SADE R AKERL I 9 FioR, 400k 3 ARG BT ERIT R Z ) Z 8
JADE Rl SE I T AR AL A& Agent 2 [0 B AE, A 23 77 20 MAS R B3 4E T 2R 817248
BT SCRE SA INERANZAT S h RE I AF. I S 0E IR 45 2 Agent BATIR B AR Ak (1 566l 3 A28 WL A Agent $2 4%
T HEEAR) G Y B D, SR 10 G 1 A RO SN 51 Oy [ 3 I SRR A SO I G R LA B G R i 1 SRS S IR n 4R
HESZFE G T SEILAE 28 5 SO FRATT 8 1k X Java (1928 0 450 5% 1) S SCSE B T SR I SIS 88, DA T S R SIS 1K Bl A&
T C . 3 ST AT A R R B AT IR AR A IR UE T R GUIEAT I IE M T R 2 0 B N R 0 T R A s e
SADL $& 4L T 5 S H 3 WY 5% W 175 5 VT, IS Y. Agent 74 5 &5/ R T R AL A SA Role BA F 35 3 SR 1 1)
FF R BRI T 56 AR 1) G R R R 6 S
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2 5 | SADL editor | | Software development package |
205
e =
2 | SADL | | Architecture of self-adaptive agent |
E | Dynamic configuration | | Conflict checker | ‘é
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%D | Strategy compiler and driven engine | E
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%]
Fundamental layer | JADE |

Fig.9 Supported environment SADE for developing and running self-adaptive system

Ko HIEN R R AIEAT ¥ 58 SADE
3 =B

i T JE7R SADL U 5 LA J SADE V- &5 4 B I& N R G I R A AT ISR, AT R T — A RS _EA8 5 &
4t TradingSystem, 1% 5 4t SRR P 78 W _EREAT A 5 AT 0. R K A 4 5 6030 B4 (visitor) J% 34 (buyer)-
SE# (seller) F145° B34 (manager). 0 W 3 1T LA WG A2 5 2 40 b (9 7 B A R (ER MO B IEAT B L AS 20 9T
B 4, A AN AT DA R A 9 R A R AT LA SRR EAT RS L, K B O T IR R S AR R ETRA
R b, WA P E A H A A IR B XTI RE WAL 5 3 AT B B 65T S Bon A 2
HHRGA T I VAR T P AT LA A i A BGR RS, RS RS )& B A TR A
B se(l) QMR ERETHE TS N Agent 1 HIENAT N, M5 G)E/RH A T SEHL Agent 1)
HARTEAT 1) SR 2 A R 4.
() Y0 A b A 2R 58 1 SO AR 4k Tom 3E N RS0 5, 900 Visitor €30 Y7 &b M AR B 2 &
S H B At P 75 IR R AR IR 25 R BN B4 I8 Buyer 3 €8, ME A5 U SE R .

(2) RIS I RANMG 0,08 5 Bl B)iZ A 0 fF Tom $39#H Buyer £ (045 W S0 75 51 5 WL e, R B0 0
s B AR A DR T & 0 1 58 4, SR UG IS Tom A8 2 HA A5 (1R 7 o, DU 993 38 Seeller #1 £8, 308 1k 4 5 1 ol 3453 T
% 1 %8 4,10 J5 K908 Buyer (R I8 275 .

(3) H P HE I B) A 3L 75 Tom $) 35 Buyer ff €4 9fE 25 0 3 75 ZE MR i I, R IR i S KT e 3l m)
4 B Tom JF¥A F5 2 AR R i, o0 7 T8 3% 21 5 ZE A R i, Tom ZEEIB0HE S B 5 M3k T 2
Pt &x [ SR W (TradeStrategy 1 S, N 4500 I % 4 £ €8 38 S5 A IR A 4 B5 I 45 1) S % (TradeStrategy
2 SRWE), 7E AR A% B B R 55 tH UG 5 X898 Buyer £ (K6 2T .

ERLNEE N e Wil S P 3 I

T 5, TR RH 9 Gt R B G 00 A5 A A €8 O Ak R A Al G S A 6 0 LA SE B A X A, FRATT R T
T 4 A e 10 JioR. Visitor 285 5 LT SERVICE J8 Y (¥ B 4R, I\ G 1 €4 1% & Y. Agent 1]
DUB AP UL £5 4 5 I I 55, I8 11 JB7R T Visitor MG IAAS. D T I AR 48 b s A [A) £ € 1% B & . Agent (1)
x4k Manager fi 4257 X T 3 ANANA ROLE 28 () IR 55 Fi 4

HGEON T R G P 0 HIE Y. Agent, & L HIE N Agent (1) P, I HEAT ¥ 46 40 BB (FR 2 HIG N
Agent ZEHETE W) F I BRI . SRS B SO R AR SR 48). A R e vh A B9 45 75 S 16 SellerAgent. JW S i (1)
BuyerAgent DA KX RS HLM ManagerAgent, 1A RE 0 AR 75 A W 8 4 1 Jy 438 10 /3 411 Powerful Agent.
R Agent RGN 12 Fror, i 13 7R T PowerfulAgent FI2RACHS;

5 Jr, {4/ SADL 5 X HIE M. Agent [ [ 3&E N 50 764 R 4c 1, SellerAgent,BuyerAgent I SystemAgent iX
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3 2% Agent %A INBCR I, T AITEYI LA G 21 20 2 BN Seller,Buyer 1 Manager £ 828, M0 )5, B AT 19 18 1 M1 €8
AT A AR T Powerful Agent BLAT [ I8 B SR, w5 S0 PR LKL Agent H SHIRE IO AR AL BEAT H W, 9 8 XAEA
[F) 3 5 T e AN 4 £ 4 2K 1Y) 3 /E Powerful Agent WIEAINEL AU SRBS W] 14 JToR, 12 & 0 22 491 9k 3 £ iy o4 4
Y547 70 XL 15 JiE7R T PowerfulAgent 24 T SEBLY 57 (3) 10 80 A N4 11 S s

Visitor Manager

-visitorEnv : EnvironmentEvent
-buyerEnv : EnvironmentEvent
-sellerEnv : EnvironmentEvent

-serviceEnv : EnvironmentEvent
-goodsToBuy : ArrayList
-goodsToSell : ArrayList
-money : int

+Updatelnterface() : CyclicBehaviour

v

Role

+ResetProperties() : CyclicBehaviour

|

-myAgent : SA

+changeAttribute(in attributeName : String)
+getBehaviours() : Behaviour[]
+getEnvEvents() : EnvironmentEvent[]

ZF

Buyer

-lackOfMoney : InternalEvent
-purchaseOver : InternalEvent
-goodsToBuy : ArrayList

-money : int

+SearchSellers() : TickerBehaviour
+BuyGoods() : OneShotBehaviour

Seller
-purchaseOver : InternalEvent
-goodsToSell : ArrayList
-money : int
+SellGoods() : OneShotBehaviour }

public class Visitor extends Role {

EnvironmentEvent serviceEvent=new
EnvironmentEvent(“Service”,“Sell”,“Book”);

private int money=0;

private ArrayList goodsToBuy=new ArrayList();

private ArrayList goodsToSell=new ArrayList();

public void setGoodsToBuy(ArrayList goodsToBuy){
this.goodsToBuy=goodsToBuy;
changeAttribute(“goodsToBuy”);

}

public class ResetProperties
extends CyclicBehaviour {
public void action() {...}

}

public Behaviour[] getBehaviours() {
Behaviour[] behaviour=new Behaviour[1];
behaviour[0]=new ResetProperties();
return behaviour;

public EnvironmentEvent[] getEnvEvents() {
EnvironmentEvent[] envEvent=
new EnvironmentEvent[1];
envEvent[0]=serviceEvent;
return envEvent;

Fig.10 Role class diagram of TradingSystem
10 W ER5 RS M EKE

}
Fig.11 Sample of the visitor code
Kl 11 Visitor M (ISR

SellerAgent

SA

-money : int

-strategy : Strategy

-goodsToSell : ArrayList

+setup() : void

BuyerAgent

-money : int
-goodsToBuy : ArrayList

+setup() : void

+setStrategy(in strategyName : string)
+doStrategy(in msg : ACLMessage)
+join(in roleName : String)

+quit(in roleName : String)
+activate(in roleName : String)
+deactivate(in roleName : String)

TradeStrategy 1 Powerful Agent SystemAgent
({call)) |-money : int
—————————————————— X777 -goodsToBuy : ArrayList | [ g etup()
Hinit() -goodsToSell : ArrayList +addAgent()
+doStrategy(in mslg : ACLMessage) " setup()
i |
i |
[ ((compile)) [ ((psrse))
1
[
1
({educe))
TradeStrategy 1.s (________________ 3 StrategyConfig.xml

Fig.12 Agent class diagram of trading system

K12

M _EA8 5 280 Agent 254
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public class PowerfulAgent extends Agent {
//definition of property of agent

private ArrayList goodsToBuy=new ArrayList();

private ArrayList goodsToSell=new ArrayList();

private int money=0;

public ArrayList getGoodsToBuy() {
return goodsToBuy;

}
public void setGoodsToBuy(ArrayList goodsToBuy) {
this.goodsToBuy=goodsToBuy;
changeAttribute(“goodsToBuy”);

}

public PowerfulAgent() {

//initialize configuration parameters

setRolePath(“examples.tradingSystem.roles”);

setStrategyProfile(“examples™+
“\tradingSystem\\StrategyProfile.xml”);
)

protected void setup() {
//set adaptive strategy that agent loads
setStrategy(this, “TradeStrategy 17);

Fig.13 Sample of the PowerfulAgent code
K 13 PowerfulAgent fXH5 7~

package examples.tradingSystem.strategies;

import examples.tradingSystem.roles.*;

//Powerful Agent uses the strategy

use examples.tradingSystem.agents.Powerful Agent;

program TradeStrategy 1 {

//Agent joins Visitor initially

InitStrategy { join(Visitor); }

strategy Wait {//Agent waits for service occurrence

when (SERVICE_EVENT(Sell, Book)) {

deactivate(Visitor); join(Buyer); } }

strategy Buy {

//Agent binds to various role for buying goods
when (INTERNAL EVENT(LackOfMoney, Buyer)) {
if (self.goodsToSell.length>0
&& Seller@UNBOUND) {
deactivate(Buyer); join(Seller);

}

}

when (INTERNAL_EVENT(PurchaseOver, Buyer)) {

if (self.goodsToBuy.length > 0) {

deactivate(Buyer); activate(Visitor);
} else{ quit(Buyer); quit(Visitor); } }
strategy Sell {
/IAgent changes role to prepare to buy again
when (INTERNAL_EVENT(SaleOver, Seller)) {
if (Buyer@INACTIVELY-BOUND) {
quit(Seller); activate(Buyer); } }

} //of program TradeStrategy 1

Fig.14 Adaptive strategy TradeStrategy 1 of PowerfulAgent
14 PowerfulAgent [ [1i& M. 5 1% TradeStrategy 1
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package examples.tradingSystem.strategies;
import examples.tradingSystem.roles.*;
//PowerfulAgent uses the strategy
use examples.tradingSystem.agents.Powerful Agent;
program TradeStrategy 2 {
//Agent joins Visitor initially
InitStrategy {
if (Visitor@UNBOUND) {join(Visitor);} }
strategy Wait { /Agent waits for service occurrence
when (SERVICE_EVENT(Sell, Book)) {
if (Visitor@ACTIVELY-BOUND) {
deactivate(Visitor); }
if (Buyer@UNBOUND) {join(Buyer); }
else if (Buyer@INACTIVELY-BOUND) {
activate(Buyer);} }
¥
strategy Buy {
//Agent binds to various role for buying goods
when (INTERNAL_EVENT(LackOfMoney, Buyer)) {
if (self.goodsToSell.length==0
&& Visitor@INACTIVELY-BOUND) {
deactivate(Buyer); activate(Visitor); }
}
when (INTERNAL_EVENT(PurchaseOver, Buyer)) {
if (self.goodsToBuy.length>0) {
deactivate(Buyer); activate(Visitor);
} else {quit(Buyer); quit(Visitor); }
}

}
}  //of program TradeStrategy 2

Fig.15 Adaptive strategy TradeStrategy 2 of PowerfulAgent
K 15 PowerfulAgent [¥] H & WV 5l TradeStrategy 2

X Mg TradeStrategy 1 MR U1 F:

(1) Agent $hAT Wait S, a1 S 41 B #2552 % SERVICE. P25 Sells £J30h Book [FIERHE Z1F, 1
IREEH AT Agent #2448t T A5 P EE 1R 45, LI, Agent #li4k Visitor £ (625, I\ Buyer £ 425 4% W L7 i ;

(2) Agent BT Buy SEIE 425 A PR SR AT A3 56 1 NN S8 44 8 LackOfMoney, Agent /8501 £
Z A, UL RT B S B e DU SRR EE R O T3R5 5 2 10 4, Agent ¥4 44E Buyer (428,01
N Seller M4 HE B 1R &2 2 NN FHE 4 ) PurchaseOver, Agent J86 1 31 12 F 448 B, ) W 1 A B2 3%
FR TR i, U EEAL Buyer 16828 B0 Visitor A 6028, 3007 46 A1 40 B 7 i IR 45 1 HH B0 0 038 HE 80 5 19 A1 €125

(3) Agent $14T Sell Hlg, 2% 444 SaleOver [N S {FHEAT A BE, Agent /&A1 F1Z S 1IN 4% Agent 4B5E 1)
Buyer ffi (42840 T AR 3 BROIRER, R Y Seller 1 €428, WG Buyer /€428, JT 4 9k 2 14 L7 il

REEAT R W 16 frow, b 2 LI Agents List JE7R T 24107 R 48 # T N AH S Agent. 14—
PR AERT Agent AT HHT AR MR Agent 2 5758 5 Al B & N S E AT 45 B, A1 £
B SO0 B UL A B U AT A T AR VE BROIRES. B 16 JE7R T Powerful Agent HI# 5k TradeStrategy 1 12
T 5.

© HEBEERAET hipd/ www, jos. org. cn



FTEH FHEH S Agent AL EATHH Fo Rk Fhi4 35T SADL 621

Double Click the Picture to Add a New Agent

2
i

JEAFS

To buy: book Fum:l

Toinz the role:Seller
o

" -

——

Business Done lzl

e ST

BookBuyer pays money 88 to buy 1 AT from Tom!

Fig.16 TradingSystem running snapshot
K16 M LAt 5 Rgiafr gk

4 FXIAEX LS

BR 3 A T5 T PUA AR BEAT A G RIXT L2347

7 B IE YO LA R T 1, BT & N AR 2 DA R R ALK B N R SR IEAT IS — s
AT - W B - IR A5E- R - A - TR IE AT IR IR O B2 Kokar 55 A K 38 IS AF b 43 H FH v v B 48 56 RN B 08 R AR 1Y
Hrf FERl T FLBR T 5 P2 B 1 A AR AR O B AT AR I A 2 4L U 1 i S R KR AR 3 3ot B A8 sE ML IR
YHFRISCEL Agent [f) 3G N R, 3F HLEE ST T 3T D A0 AL [ 38 R 18 HE 42 ) 3 F H AR 2 T R 5 R
SEILBEE T BAR A

E 38 N BT (0K oW LA 7 T8, T A0 S B A 0 R 1 3 N 30 2R G 1 Atk U R (reflection)!! )
DL IR 1) 75 R TR R HPIRES AT R 60 Bl i 1) R GRS RIAT 0 5 R 50 E S BRES FIAT D 2 ) g 7 K]
KT (causal connected), I 7 A 73— 77 IR AR AL 5 W 21 55 — 7. DL S S 8 AR AE R JEAl 19 FE B 31 R R 80
53 A TCJE R R AR RGO B A B AT SRR W AR OR.

T 27 AR AN ORI 2 BRI SRR, T B B A I B AR I R (1) 2 T BB EOR, Wl Yoder
s NAR T A IE N R G AR AOM(adaptive object model)™, ] P2 AT LATE LL TG R R 43 (it % 2 vk L N T 52

G0 B RS R R X R R AR I A BEAR U M IS S B MTTBOREE T AIE N RA S, (2) 2 T8I R R LM
BEARP I A A B SCE R G AR 1 1T P, 03 6 B0 A 2R 4 ) v 3 R 45 8 . IR S R se B R
SR TG YA T R G5 R e R T2 B ) A A SR B S SCRF IR B B L S A A J2 ORI O N S
AE;(3) FET A EAERR, i Moura 25 AR ! T ] CORBA Trading Service 32 7FXT s A4 4 p ik 8,91 H 7 Fr
5% 20 2 A8 A 1R 7 SR I A 3. b K 2 e S LR /N TT R T 36T IO K J2EE R 45 %% PKUASH.
255 A5 38 o v TR AR SCEFIZ AT I A B I I AE N ERARZS FIAT A, DA ST S S 4 28 08 2R 8 A 1) 2 7 R i) A
[ DA o 2 B0 D BEGH K 38 S BRF I SRR, SCRR[151452 T 26 T 2O AL BOR XM E R 2 2 F AR gt
A0 SEARN JB R A EE TR T e 0% 0 I LA A3 A0 1) 7 X 52 1) 1 B ) AN TS A, AT v A0 1 e 12k

B — AT 1] S A Bh AT Agent $5R, GBI Agent 7EIBAT IR 5 He ff (B E R S R SE i | o o1,
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BAE Agent BEARYAN A TR B H ARG 302 U, Agent FAT FRBERE 81 YERUT b @ E 0, fefis 7E 5%
ANKES AT IT B B 588 € ARSI AL Bt BFR. LU Agent 1F A 52441 R e Re % B 4T Mo
V0 1) AR S TR 8 ) O AR AR AR 2 LR, — SR N DR B T A G R S A R AR K A
(51N MAS 1 TRV ok 48 T MG #A 2 B LA, K 20 T L 43 HTsh 8 0 [ 38 1 (1)
% Agent RZE AR, AT HR LA RLAAL IS 5 1500 R SCHRE B IE Y. MAS 1T R AR T 5 B .

TE HE Y Agent TR T8 & 75 1, 3APL J& — Rl i [1] Agent BIFEFE BEHHE 5 1% 15 & SCHEE 0 10 4 R4S
Ul enact,deact,activate F deactivate,fig 1% SZ Fr FF &k B A 2 A WL M HE 10 Agent fH 2 & 11106} Agent $yi8 ffi €4
MEAT T —SL SR, [R]— I 2] Agent 3038 1R AR €8h BB — AN A T35 AR S Ho Ath £ € 06 2504 T3S BROR S, I
M7, IR A AN i AR 40t A 8 B i T 7 o 4R 22 ) R B 2 ) 9739 22 £ €5). SLABSp! 72 — AN 1] Agent (#7%
P THE 5% T8 5 3T catse HLHIP caste /& Agent 174 3%, 72 B iH RS2 B MAS 35 A B B850, Agent 7]
PL join(IIA)—A™ caste, B AT L quitGE H1)—/ caste, SLABSp SEHL T join 8% quit F=4> caste fJ#1F.{H SLABSp
B R AL PR B S AT O e SRR S R, B AT O B R CAEAT D B rh DTS AN [ G mUAS R
— AR T A H T AR MAS, AT T G0 1) 4 57 F0 -2 DL AT 9 M0 () 7 A

TE SR WS TR 5 7 T, U 47 2R, T A R A () Al 1) il R, AATT 2 TS [ R 43R 4 H T 1R 22 SR B 55, A A
DAML 15 N 3% % 78 77 20 KAoSPIST 5 4 Web Servicess IS AT MAS 11 55 W i % S ThT 1) of 552 160 S8 s il
WRVE T Ponder® s S o3 A1 2 8 G0 I 4% (10 A7 TR I 46 e T8 T B TEIR R 2. ThRESE K A, 26 % E 1
A A B T ARG 0 N AR X L8R T AR AN B Y R G v I, AN B LR SCRE B S BV R 4 0 T R R i
R SCHR[23]48 T SR A IS Y R GETT R I EUURE 55,3 0 B 00 AR, T AR SC I S A BUAE 5 T2 TR ARG
HOE N RS TT R H XML 8 5§08 (R X R0 5 0052 U, T RN 3 B Bevt 138 B SR I 350 A PR i

TF 3% Y 22 48 i ¥ 0SB 7 T, ROAD(role-oriented adaptive design)?4& —AN Sk ¥t FIIT & 43 A 2 B
TN H R G HESE. ROAD Hr IR £ a5 X T Mk 2% i B Mk 45 3 7% th A8 € 1Y) Player($ 38 ) 3K ) $hAT A 46 A
ROAD AT R GETT I, TT RN G2 AT LU 3 3 25 25088 A (L iy v o8 5 A B8 10 00 R R IE N R G I LR B I 3 25k
AR T A SE B R SE 1 B OE RAR E T R A AH 2 ROAD &8 $R A B85 11 S5 23 7 R0 B 20, 8 A SR AR 7R R 4 A
AR SE AR B B PAT — 0 I BIE AT A R T B

5 S&EmME—IIE

N TGN, Internet FREE KBNS . FFHOFAN AT 00 Pk, 5558 T Internet 2 b 10N H R G0 75 2 2 AT B IS MV fig
WA AT R IX IR ARG TT A~ I8 AT RGeS s o T SERLAR A B T I B 00 S b . AR S SO S B R
GETT R AIEAT I A% LN 35 B0t 7 T & T 09, 3 Y 17 3% T3 2405 1 8 38 B AL AL i) i 28 1 2L A
AL IS GRS AR 1L ik Agent Bl 28 58 AN IF] (K9 #fy 69 K 0k B3 N IR ARAL (K H AR JE T3 &SR E N
3 AL A L RS AEU R % LU AR IR AN 20 AT 2R e 1K) 3 R, T U R AR 0 1R 2 KD 1 Y AR
UM BT MSEEL A T SCHF 8 N I2 58 (ST 1A, T K R GE I A I N A AN 55 38 4R ) B A SO TR T
S AGREHUBI F G NSRS R R T 5 SADL.Z I 75 K ] 28 Z g FE v 35 1015 12, 4 R SR ABLT 26 - 00 1 o8 5
TR AT 5 € CE TGN SR H A RIR R R RABPUERERE &, 5 T R SCRAAE 2 i 4 55 O 3

T SCEF RGN MAS 1 TF R ROEAT BAR BT K T S5 sh a8 98 AL AT SADL 5 5 [¥) SADE J5UH R 48,
SCHLT L8 HAT B G N AL SRR P R A S R B B N %N PR G ST A S
BN S0 3 M B T 3R T R T VAR S AR AT (K rTAT YRR 2k . SADL [ fif B A0 B i A LA K P O
AT 2R G Sy e PR By I A

ARRFGAE LUR LA T7 T 3k — 28 T 05

o FENLHIZ, T 1L 38 ML AE SO0 2 AN 5 BT 78, 5 R AT 0 SO I 18 8 LA S R 4
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o {EIEATJZ Agent Y5 Ay (I FE AT BE S B 5% ) LB RS - ) R K SERIE AR N 1) o S A 7T AL
Tl IF R AEISAT I A A 2

o (VBRI FHLEIAIT AT 6 1D E,SCRF 2 A Agent [0 1 M,

o AN, A IR B2 DhRE S A = 5 (K S B K 20 Hr AIE SR B UE TR AT AR AT b

o FEINEE A AEN. MAS WP RBHER ST AT BN Sy weik. Sl B84 ged 25
FAF B B 5L B 30
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