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Abstract Due to the uncertainty and unpredictability of environment changes, it is a great challenge to develop
self-adaptive systems in open environment. First, it is difficult for developers to clearly predict various
environment changes and precisely define self-adaptation requirements at design-time. Second, many of
self-adaptation decisions should be made by system at run-time. In order to deal with the problems, the paper
presents an approach that is based on software agent technology and organization metaphor to support the
development and running of such systems. Our approach enables developer to describe self-adaptive systems and
investigate self-adaptation according to the high-level organization abstractions. A self-adaptation mechanism
called role dynamic binding is designed and on-line self-adaptation is achieved by introducing enforcement
learning. The paper details the on-line self-adaptation decision algorithm that integrates dynamic binding
mechanism with enforcement learning together. Especially, a general-purpose and systematics software

ARURAT B E 5K B AR EHES (No. 61070034, 61379051); A # Bt 400075 A A 1HKl(No. NCET-10-0898) FIL At # A1 JT A 45 Bl 5 T st 53256 = T At

JBI(SKLSDE-2012KF-0X) % . BH 45, 91, 197044, i+, #d%, Wt FEpPRasoaieE TR, SAgentRE. HENM AU RS,
E-mail: Xjmao@nudt.edu.cn. imm 55, 19794, Az, PRI, TTHPRAUECN B IEN RGRE TR, E-mail;janson_mgd@163.com. FiA &,
B, 19424E, HEz, WS, FEHFRAUECLHE TR, E-mail: gzc@nudt.edu.cn. FHRIC, B, 196944, Wi, RIHEE, Wit S,
FERRATECS A TR, E-mail: jwyin@nudt.edu.cn.


mailto:xjmao@nudt.edu.cn�
mailto:janson_mgd@163.com�
mailto:qzc@nudt.edu.cn�

2 i SOl IR

2014 4F

engineering solution to developing such system is provided, including self-adaptive software model,
implementation framework, structured process and supporting software environment SADE+. A case is studied

to illustrate our approach and validate its effectiveness.

Key words Self-adaptation; Organization; Dynamic Binding; Learning

il

1 5|

TR 2 R AR R R BB
FFCRIAER R R (G0 Internet) [1], JEEHEE
BRI 7 ) R JE[2]0 T NIRRT R 48 H & 1)
Rk, Bk, AT RGMIE N RS T a )
IR, DAMTTS R G HA A R E e o
ATEEME. RN ARRPE. ATERCMEAEAE3]. A
&N IRAT R GEAE R N Rtk il [ 7 42 5
R iR A ARSI N A

H & AR — R R S, e
H & AT P 3 DU R A FE R SR 50 B 5 (A8 4k ik
N (4], DARE L Bbs i R R H bs e X R
BT AR A RE AR T Cn gk # RS
&), EAFMER G B, RRL5M5)
T BT ER, BIEN RGN
Kk JE—ANHIER St (closed-loop with feedback)
R, s T VA TR AT 3 4 (Monitor)
DUIRECA Bl R 4R 1) A4k 25 . B (Detect) DA%y
i, weif (Decide) LUR & Wi kA T 2 Fn 5K
Jiti (Act) DARAT IR HE[4].

TERRAT TARFIN TR BB, A 0C B IE MK
PER GRS S T AT v B DG A EE AL [3][4]
ST A 2500 e 31 SN R GE A TREM % £ 71,
L dE: R TR BAE R L5 MI[5]. diiE &
Jiik6] R[] MAEBOR[O]. i it
[10][11]55%5 . tH T M REEHE NS TR IR
AHAA R PR, AR U7 — %
3B 5 A O B S AR, AT R A
INEARAT R GE T R AL AR A OCRE R R, ands
HIET4]. At Agent 3 R[6]%4% .

ERNSBEANA /G C NI I NE 2 3 A= R
T BT Ey R SR A BT BE
A T e N B 52 3K 3R TS 38 49 0 0% 4 R0 R B
WRLEARAL, | XX AR R Gz a6 H B AT AT
LT, Jf R H SN (Strategy ) [11]4H KK )
(Rule) [12]f77 . 5B T &R ¥ B8 5 B
KA IR I LG H 3 WY 7 SR R, ARk R A

PRI 5 S NSRS HIA T 5 L i 17 g TR
WG 5 445 LRIV T AL TT KB BT
SEFTRTTIYIIA) A R 0 5 S BB Y P R 4
M5 ARG EEWER A IENAT RGETE B A
BTN, AT (1 H & N ARG AT TRERAR
Kot — Rk

EOG, BB BOT RN GRS N DA )
FUIE N 73R [3]o X FIF OGS NI BE N ARG
5o TIPSR AN E EAAN R UL, ANAT
T PRI R REA 2L, DI oG R 58 B 4
TR b AR A LA R A SRR 38 5 SR L S AN AT
BEM,  HIBRAEIT AN IAEBETHIY BUAE B 250 G
O SR At 3 T B R B TR R E S E I MY
AT Bl BN rE 1 B SN R
g8, el B S B AT g AT IE N R R, DA
TFRGHA IR RETE . BARTT RN 5
AN BE TN Al TT RE AR 199 2% iy SN S BL. HG
s AIEN RGUEH T 2R AT A
T R R B2 (off-line) WSR2, B
R T A BT (I I TR SCAS AL A3 AT R E ST
FIE NS AR S A . — H A& N SRR AR T AR
A AT BT AE T IS A AL -7 BRI AR A
i E A RN, AR GU A8 Y I
B X, RGNS E IR X T
JTIBOASE NI BN RGN 5, AR AN AT Fig
KRS BARSIBITIA R L L,

N T R ARk, JT RO T BN
ARGIPAT TREBRT ELHL I Az, R
JSUOG T AN BAAEBE Ui B H 10 3 N 02 4 A
BRI H RS H S ARSI TI BORSE K, A G N RS
LT AR LT ik, AR T
— M TR Agent R ZUM S 1) TR SCHF IS
RGITTRANEAT o 27 3R A2 4L AR
AR FOE N R GE, ok BIGREsATHUE],
Bl F- 18 52 53 1) T BOR BT AS AT UL AR A S B
RYGBATI ) AEN R K 18 ORI R F AT 4140
N B X TR T AGUHN R HE N R
M, AESCEEAE BB T A sl S IRE 1 B IR AL
Hl, BRI TR TR SIS E AL B i



WIAEL RATS No.l B

JPIRCAET N H 3l N AE R SR IEAT MU S A ISR 3

NRF T, FIITA TIPS BiE N RS
M TR T R T5R, FFITRE T R0 M. SR ITi9
MR B AT TSR A, 2B N1 R 4
MITAIFEE T R D,

2 BENRGHHRIEERIE{TIH]

R 2 1) S N R RSB E R
S R EN R U, P2 BIEN K
PR G HAT A AU IE . LRI 4
ATk IS N AR A R S8 T T 3 A = 2 1 4 S R AR
o (e, A2 MNES, eMEW. 4 TH
fift s SN PSS, A B TR A« At
2(Why)”, “H#E(Who)”. “difa] (How)” LLREF X1
AFERIO R “What” )HEAT &N, 2 1 A R
il FEN. RR TR -

K 158 T 3T Agent FIZL R4 () HIE N &
GLooh I . — AN IERN RGN — AR
ML, PRI SR Agent, HHLH
Agent YJSERAEREE RS, PRS2 38552240 1)
. ALWIE—diMmeE, el e TAL P AT
R RN . AL AR Agent i I 3 AN [\ 7R A
IR S s AR A LA [ RO AL FIAT 4 o

--situates _describes --situates
--dynamically binds
Organization Role Agent
1 * * *
*
Behavior

1 &EF Agent FILALIIMR KB IERN RFTTIREL

B AL (Organization) JEFELEHFE I F 30
—HHBAILFE Hbr. HEAZE K Agent 224, 4140
MR S0E T AT R ST . X T RAT Bk
NAE RGN S, BRI AL ER ., &5
K AT R R o

B Agent ZEUE RN AR A 3.
FE M AAT B AE BLi AL vt H AR AT O S A
Agent T 1 By 2 b 1) A U A IR RS
AT AT, A AN B FIAT R o KT
HL8 Agent 111 5, SRR IR DL B B IR AR AR
Al Agent i L 1 S S A MAT A EAT P2, %28
Agent #FKh Hi&E M. Agent (Self-adaptive Agent, i

&K SA).

B Af (Role) J&Xt Agent ZE4IZ LR
PRI IREL . AT R R KR, T
Agent 7L AT .

B IR BE (Environment) s X L8 ) 2 21 Bl
Agent 147 0 B PR AR S I LR A % . BR
BRI AL AT R GO PR TR S F A A A . R
BB 5, AR A e ik
FAETRAN o

MAS 2] Agent BEWSBfiAE I B PR IE J
H 5 (AR A A5 b R 48 e 7R 2 2R s ) £ £
HEM CHENT BE R AL, B S
LEALEAAE) “Hufiz” (Position), [T & X385 AN
H S AR HRE . Agent X £ €8 () 1R 3 n] i
BEBUF PYUASSEA I 38 WY S5 TR R e 1 “Join”
(IR “Quit” CIBH ). “Suspend” (EEfZ) .
“Resume” (1k&). — H Agent JH LA TiX L7 1
BerEk L, A4 Agent I EBEYE. B
FAT S 2 R AR AL . ARSOR ik B 3E AL
PRI ENLE (K 2).

Role ¢

Self-Adaptive Agent

RoleB

(5
0 Resume
2 EFAESYERNBERNNE

B “Join”: Agent AIHAT HI&E N B 1E“Join” LA
AN, IRIFZA BT e XN Z /I FAT
e, BRI ECAE Agent ZELLZA R AT, T A
LA — 53 B R AR A 2 T I I
—H Agent ITAJEA A, FRATHK Agent 45 T 1%
e, B2 A% e LIRSS FIAT Rk Agent
St 20 RORN P A B

B “Quit”: Agent RJHAT HIE N E“Quit”
DUR AP A 0, 2R 251 0 e SCI) 4546 i
17 AR E, R Agent AEZH 4R AT, A
T 4R 1) 51 B 5O H A 21 23 b I 3 35 1)
o,

Agent FT 45 1A 8 B AT LU R [ R
A: WK (Active) JRASFIHEVEEL (Inactive) IR,
I HAEATA o 2 S Re AL T I P i — iR A

B “Suspend”: Agent ] AT A & N 5 1E
“Suspend” LUK T 48 5E F1 0PRSS MG BRI 2

Environment




4 i SOl IR

2014 4F

“HERGER”. 4 Agent ITgh e (£ (Ab T HEVS ROIR A&
I, ER AW Agent (IE1T LA RS Agent 1)
AT, {HJ& Agent 75 AT [a) A 45T e LI 25 R4 A B,
I 1) H Y B Ak

B “Resume”: Agent nJ $h417 H i& N zh 1
“Resume” LLH4 T 45 5 A1 €4 (1R R A DN A0 B 1 4
RTINS . 24 Agent BITERE IR A (0 AL TS BRIR
AW, LR Agent [RIZ21T. 11 Agent AR
F T SUAT A RIE BT B 1E -

3 ETFEIMHTHENAELBIEN
RR

31 HLBERRE

EREINA7S ik Nz A S B V& Gl T2 N Al
FEIN . AEHEN ARSI LR, EHAT
AN EE NS TT 3 BRI E L k.
L YRR S VSR, B T RN RAEB T B
SLIBUR T W: LK By SR EANAZ 3By WP & i)
R AL, KRG AR H A%k
Bz I HIEEN RGN B][11]. WAR, IXF
JTEXR T AT UYL 3E R R AT A A
SINVERSNITEEPE Rt R

SR, TIPS N AIEN RS S, I
TR R IR LA~ 7 Bk (1) ARG
B ASAAN T TN AN 52 - DT T RN G ek
FE BT I B 5% T3 E M 5 SR N 32 45 1D 37 AT i
o — HALBATIN HBUR T A4, T A2
FOBTE SCE Y SRS SR, B SR T E G N
BIPAT, IXH- 2 A & R GEAE LLRR S AT R
HE[3]. (2) S X SRS HATRHOR VA, e S
SR — FBE $2 IR AN BA0KT 28 48 LUK A 05 1) LAt
XFFEAN TR AR T 28 e N A R 48 45 1 1R S AL
CENE” HIFINT, ISR R AN FIAERIRE T AT
AN G R A 2 48 R GEH R I oAb BEAT <58
7O

BEX; BB, KA 3] I B B IS N kSR L
R, SRR IR SR RGN 3 2 B IE N R,
HMER RS B S REW AR is T Il 2 2 10 T Bt
SEEPTALEE BB TE Y R B TR DGR,
IR FE NAT A AT PR A SCHIRE IR T LU
AR Agent FEALATIN ZI FTEh e 1) 4 (1 L fig
MR TEERCIRS, BIANE E Agent [F]IN 52 224>

AR AR T 1 5

Bl 3 ik T 4 A ik 2 I RIS e 1) FE
BATHLSE. Bl =4l SA, MR,
Horpr SA AT A EAR, BT SA 1E M ME A
#, Mt SA S SN 2. SA B HAT
FABAERAT A, SA FRE M (14T R 2
NAT A, AT R IR FEPAT 7T g 20 BREE AR 5%
M, M FEABCRS KA. SA BN EY)
RSBGPS, ARS8 & AT
IRBE AR, e A S AT SR A TR O R 4
YRR PRE, ke BENERERAT, W30 —4
AT HPAT—IRES RN — AR PR (P, Yook
FBICAL 2 ) B BIVEE PSR AN 24 5 BT A
2 SRR — 2 12 S SR SE O SA TEARTRPIRZS
TNERAT IR B IS S ERAE IS R I S s aEIE SR
Mg 3% M e-greedy Bt Boltzmann Z3 A HL L AR
RE FHATIEAE, il i o S AR T — 8
RER ST T “4RZ” M “RIH” WA, )3
(5N RIE T — 58 I RAG T SRR, X EERAR B
FROAFIRER . BT b2 S I B IE N R I 1T iR
AW GIREE AT, FEEME R, WEARFPRE R
AT B 35 P R A PSR IEAT VR, T RO AN 1]
W BRI B AR
311 HIGENHERAERHAT

RIEZASLGEENLE, SA W HUAT— &AM B &
FEERELIRE SA g e A AT PR3 . “join(r)”
AT RS f € r P LR — 44T MK InZ 2
SA [RAT Ryt SA SIS — HIAT K RS AT A
AT BESAT, AT HPATIE RS Bl Res 3
FIREDRA IS . “quit(r)” AT A0 1547 A it
OO r T AT I BNER . “resume(r)”#k,
ATJG, MR T r AT R ROE, 1T R
BT . “suspend(r)"HAT G, SN TE
AT AR .
312 SAHREEMAH

SA BANEIYHIHERIRE s CLAIREE B PF
W8 ra, EBEHAT—EMATA by b AT BE
SO IREE A, FEOABDRS N s B S
IREERT b AT RS VP, AR AT AT IR 1]
A B4 SA, SA AN EE MR EEIR A DL AR BE
XFHAT APAT R ABG MK — 5 (1) SRm PR B —
ANBVERAT, Mk 7 —5 Mg Bl fE. SA
TEMPRESAZ B rh, S IREEgs e T A 5
TEAFFREDIRES N AT BN E PR R A R, I



WIAEL RATS No.l B

JPIRCAET N H 3l N AE R SR IEAT MU S A ISR 5

AU, EHAT AR AR, A TRt
SEHERIRRA 05138,

Manager
S -
: N\
/ Self-adaptive Agent \
Decision Maker
[
o Role
T jE - - join Suspend
> Action Selection {
— o=l -‘|-"\- | il Policy
Shared | | —
=1 | knowledge quit
a L1
4 |
invok % Resume
e
e U

Reward

State

Behavior .~ Ki

e ]

Environmentl

3 ETFRUFIMINTHENBIEN

3.1.3 SAIMHIEN 2> ik

SA BENIBIMEAAL G, HHEARES (RBCR
BA S KIRGAT HIEREHIC; AT AL IO
—E PIEREANG, MRS R BT I Z MT N
R NMREIER (REIMER b A AT
FIGs PAT R ICE EEPATAT N, SOl L
AN CELAmIE A 55 SkRIAT, AT A AT
I RE S MIABE (PPIRES s FRBEXT SA JATAT A IR
VPR I R gA Y, VRO SR T IR IR A )
[IHRAE T KEXTE s RS FHATIIAT A b 1 Q it
ATHER X Q E RS Bl I 2% 3 e S HEAR
H, 2 ] B GRS RN T R R R R )
K, A S M B H (BLn2E 3] KR o, TR )
M am (b ne-greedy Sk ifeftiD. SA
AN I IEAES, BENIAEE [ SRS, AT AN
il A SEPE-PAT -V -22 21k B . SRR, SR
IREE R AR AN W15 20 S A e, 36145 SA
REAE MR R P18 B HA B 3 N A58 AR A ) B4
B HEE SA PG R Canl&l 4 Brs).

T BRI, eSO ) 57 e SA 45
EZAME L INEEZ AP 2% LK 3). SA
n] BEARE T Y e AN A, BN A BT
INREFIIEE A FTANE], EEXSAFIG MA@, SA %
TN [F] ()25 2 28K 2 ST b S ERBAT, HilE

H BEE T W AT (A £ 2 S

| A
CLLT 'Il L4 Learning < Evaluation
.: “Knowledge — *
———tabte——— . .
aef T Selection Execution

state 4

Detection

A 4

reward

4 SAWIBIEBRNZF3)HE
32 MBHMSHEMBENEIEL
F ARG E (1) FE N 2% 3] J R SA il 2
STSRATIE NI BEEL 1 5 AR [0 A AL SR, [I3R
HEATMESL R, BAT (TR A (R BB 23t s
U (PG NPE RO o I BT 45 i s 5 A [k
AEH, ANKTEEHON B T AN FRRA AT A .3)
B ESER Q {H, MIMIRIFA FPIRZ N S 1
PEBAE CAIE B RS AR A . A B A S A 1 Y
PR S L S 2 R s S A IR KA,
JCILAE AR AR (58 B FIAT AR BT T, IX AN ) i
HH A Bl A8 SR IRRE I i 3 3850
B ORE: OFEIREERRASR SA PR
BRI RTP T RE R E RS A
IFEAAT A, TR “role.behaviour”, H:H role



6 i SOl IR

2014 4F

JEFR L0445, behaviour 245 role f {0511
70 ARz & A R 18k,
join(r), quit(r), suspend(r), resume(r), Hrr Z¥5 M
.

B [FEREE: AN EIERNE

V5 B BIPREAS [RI R IE Y P4, DRI o

W R R X PR R PRAE AT 70 0 W . Hh AT
() E 1 e B30 P 25 2% i o > b — Oy SN,
W R AR s 8, WERAT N b AT A4
T HAREISEIL, W) r(s,b) X IEAE, 7500 r(s,b) K 1K .
MR € # LB AR [l 4 & B0 e B S ARSI %
EAAR: (1 join #AEHATIFA X IAE ™
HILWREm, H2 S ERAT )5 SA KT Mt
I SCAT A, X AT Ry R ARA T 2 R R 7 A
M. PRI join AR [EHR S — AP ES (a4, [l
AR R RAG A T8 I 6 N AZ A €0 5 AT I — R PAT
H TR IR SR G VRS AR ). R,
join BEHAT I EIHRAE, WRIUK—Fh 5 S 2 it
MERGE T I )G SA AT W PATHE Bk ve
AR/ (2) quit FEAEFIFAT A SR A8
A5en, P quit #RAERIIERAE N 0. (3) [F] join
ERAERABL, resume #AE IR IR (1R AR 2 ZE IS [l 4%, 3
AR E R join EAE. (4) suspend HEAEIFAT
PO T quit #24FE, FLRHRAEN 0.

THRAEE S SA B (B E HidE NP )

CIREM O r BN O0 T, Wi i 27 2 985 A (0 o
ZEVER A E IR SA FPRAS, vt /22 > 2
(K1 %R T vy A e XA A ORI R o L
Bt d~k Do SRS AT 2 2 SA 11
RS IO ® r), B2 SmEA
[R5 ST AR AR o 2 SRR IEREAA T 15 21 B
RSO AT R I PAT TG DA T2 2] o S S E AR
WL vt 5 4% I B 7 358 st € o (4T 25 8 H
PR SR CLEInRER A, FB3h 2D E
), IFEEGEM T rp MIFEREE, g T
M FIATIRE A G AT NIRRT, 25 SA
R ORIy ry, FEREFA 2 B HRE S ry XY 27 >
&% WUEEHIPIRS A AR — #e27 S) i R . 3 2 41
BT AR, EREZIE T SA ST AN
AT NSO,z T AEANFPIRZS R AT
IR . I 1%R, SA AT LAHIE HAESE
JEM r (RS0, WHEEEANFPIRZS B Nz AT
[ 15 3 AR A PR SRS o 4 9K T S22 SRS F) B ACHE U
FEIEIUCREANIRAS T 1K BES i oK e AT ORI
ENVERAE (B Q B KIIERAT), A HECR 5
S BIRSFIRR W A& NS (770 S — A, #%
CHEEIE VS

7(s)=a.a € {a|Q(si,a) = max Q(si,aj )}
ORISR —AMRE s B0 Q I KR

FEENE 1 P, Hoord @23 EEIREISZANEER - fE. Wi Q R KIERAER 24, WfRIE 4.
i a2 F (0<a<l), B,
y AP T (0 < p < D)o ZHIER T SA
F2 A rAIOR
Sy Sy Sh

ri.b; Q(sy, r.by) Q(S2, r1.by) Q(Sn, r1.by1)

ri.b; Q(s1, r1.by) Q(S2, r1.b) Q(sn, r1.bz)

r1.bm Q(sy, ri.bm) Q(s2, r1.bm) Q(Sn, r1.bm)

join(ry) Q(sy, join(ry)) Q(sz, join(ry)) Q(sy, join(ry))




WIAEL RATS No.l B

JPIRCAET N H 3l N AE R SR IEAT MU S A ISR 7

HE 1 el shER) % > 5% RoleBindingActionLearning

i%:  AEN Agent CAYbE M

W HIGEMN Agent S LI R IREEHPIRA s
it QVvalueTable(r;), QValueTable(r,)

{

FOR N, @), WIEEILER Q(s, a), i Q(s, a) € QValueTable (ry);

1.

2. MEMFPIRA s;

3. —HEHKAR s RL&IbIRE:
a) IEFIME a;

IF (@ /& —MT4) THEN do (b ~c, i ~ k) ELSE do (d ~ k)

b) ML MR (40 e-greedy) ATAT N &;
c)  IRFFAPNE rd;

d) AT a (W join(ry)), 72X HiE L Agent FT4h e i,

e)  INBFIWIAEALEE XA r2 15 T

f) MR AFMEY, 4RI R QValueTable(ry)H;
o) MERU ST G r2 AT HTHR A, WRARZEe M r2 (R EL SRR S 1E(rd) i)

b

h)  EREEX A r2 (5 2] A BTN XT rL (5 2 9% 4k B 5,

) OWESHHPRE §
B R A QG a):

Q(s,a) « (1—-a)Q(s,a) +afrd + ¥ m;’:}x Q(s',a"]

Ky BiR&s RAs.
i [7] QValueTable(r;), QValueTable(r,)

B

4 BEMREHEERZITRA

AR SR SRV IR 2 W £ B T 3 AR E 1 B
3G AL AN 5 27 3 5 OR SCR T IO T A iE
RLRGEITT R e ARG WA L JF R HEZLR )y
o SCEMET A5 4 A G NI SIS
TR,

41 BENRHEEE

LA Agent [ AR HEAT Y RE, 2
H T WP 5 Fras i TSR ST K SA BRI,
CALE RN PRI AT i LR RO YA T2 2
P, R ELFE 2 ST 8% RIRRIB MR 1 Hms o
SRR TR AP AR, BN R A BRI
(O WrEsElh S v I L ST (SOE AN v
SA AT AVEHT IR K ds, KRS T SA (IR 4%
KB BT PACRITCI A X F A BT FPRZS AN
ELE T EE IR N, A 22 2 S >
FEAFIPAEDIRZA T SA AT 1 F & MR )G B
B, IR AR S G RV ARR B R A7 £
EFE R FPIRA N Al AT I FAE N ERAER, SA TR
PEsh L Fesems (Lhine DT A8 skng ) AR 2
BIPIRAS NI 2 A7 0 b #5147 0 54T

Fe 3, FEAS LI AT TR SA 147 A itk (Behaviour
Pool) . AT 4t AT A x il SA [KIAT i E
WAL WEEIAT, AT N IRAT T RES RIS . 2%
23 IR D REAEREAT 0 P T RO I 2348 1=, L
Un TR S A A s AR AT SA IRZS I AL BB 1
FIPAT, AT 07T % SA HYHAD SA AT LURSN
FXFERI AR o B TR AN 1, XA
SN sE e . N s, SA AT LUK A ST A
PAT AN RSPRS00 AR AR e e K
FNARAAR, AT S i A B — e o S AIE N L

+ | Action Selection
Behavior Pool Policy

Knowledge
Table

State of Env

Decision Maker

Eeward from Env

5 BEIERL Agent RUER1HHEE]
42 BENMRHEESR

ST ARRE F I LA 58 Ak 5 2 5
G N R GG HESE W& 6 ProR. FFIBOREE T A&



8 i SOl IR

2014 4F

IV ZR 48 (1) FF R B LR JUAS S B 1) v vt A s
W BN Agent. fAth. AR AEAEE, AT
UMb SRR G N RGN TR, AL T —4ln] &
MR B e BRIEARTRE, (4G SA KE3e T H
GV Agent I Eh A0 € M G EAHEAE ( Join.,
Quit 55). Role FEREEL T MAMIEAT RE, 5T
H2K Environment Fll%2 3] g8 3625 Learner 2555 . JE T
BNAGEE B & MWL R R 2 2] 7R HIE Y R
G EAESE N ] 6 T o

Self-adaptive
Agent

Dynamif Binding

Property
- Role class Po—
Service <>| Reactive Architecture Learner

Function Encapsulation |1 ™
Behaviour
. )
! QValueTable
. i
‘ Environment State }—0{ Environment }—

6 ETFFEIMBYENFIN B IERN RFETF AIESR

RN G LLE I 48K R H] Role F:JK5E
NENHARM MO ORI TAEHR BT
41 Agent 3L [EDNE S4BT 55E
WA B AT RS FIEE R 3c. o,
JE M SCT St e SRV R, IR 45 kAT R SR
B, BRGE ER SR A AT A . S
AT R 2 — N ROV PR, e ST 24 o A
R A A B AR T BAT I8 — 4L 1E R
5.

) BOE RGN AE T, HAE ) DRER S
AT o SUIRAT A FFRE T LAk AR 24 3] 3%
G IR BIA R P)2E S 42K —A SA MR
AN R 27 20 E bR ] LLOInacA [ (19 2% ) 25 5540 . SA
FIABE A B R, Wi B, BdTr—x
(AT A0S ERBE Tt I g, R R (RIS AT A 4R
AT JG FREE 1) S B AN B INAR IR 57 ) g, 2% 2] 4R
P — B 12 )L, IR N AR, R
SSHRIEMELEAIIRE (W1 QValueTable) H1. 2%
PP RRBEE SA FIIREE 1AM A2 L 11 A I
Hro SA PUATHCIHEER 1] 2% 51K R AEA PR
B N HATAFAT A SR Rk P e o A& AT A
PAT, AEFREITREZ KR
43 IERHINESADE+

T 2 Agent R4 T K HESE JADE[10]E 479
&, TR TIFBOAEE T HEN RERTTARIE T
PP 5 SADE+, HLEEARNERE W] 430 =N 2R At

& BATIERTGTRIE CWLE 7D,

B JLRHEAEB) JADE LRt SEEL T AN
Wi AFTE Agent ZHIIESE, A%
Agent RGEMIAS HARL T SCRF, H7E JADE $24t()
ST ERE R B, SEI T SRS, AT
INEEBANERAE T 3emt . §7 AT Agent A iy R
e, SCEL TN SA A I B

B PR AN AT AR R, B
T N S AR S PR T SADL i AYE[11];
& AT R AR SAL Roles 38 W SR LK 24
SIS IOTF R B T I8 A 1) G R 000 R 6 2 3 4
SADL %R A 125 o TF RN LI E B 18 WY SRS
PEALABIINRE; 2% 2 SV RS AL S AN R Y. FH 1) 2%
2= 7 RN

B ST R T SR SA AT hRE AL
b {IE RN SA $RAE T EA K HE M fE
TR AR 22 2 %%, SA HAF THEL 2 iGN
WEEATRBE S A R385 500 SA M HIE
PEERAE AT TG OB T I 45 s 38 W SR WS 1R I8
TR SEIL T SRR RSB BhST PR A
54 SA M IE W IS TR L IR

5 ‘ SADL&S %

‘ SADLH#REE

B

%
B | BEERWAAEESADL | | BBRKAIEN |

g | PERRMMEAAG || mwess |
B | mEEaEE || 2I3mmE || gtsEm |
A | FHEE || BESAecciREAMER |
g\ JADEZRESHE |

E7 BB AGMTFAFIEITEIRE SADE+
4.4 FERFZEMEGD

A BRI B S B SR A A TT TR BT
HIEN RGN RIERE . ZEFIHL T IO T
AR AL 5. 4140 2% Agent:
WLESFIRUEY), EA1SITIE NxN % 738,
T B 2R HTE, GRGD L, Jeir b2,
I HAETFI,  RUBEA (A R, X Seth 225 i
W, LE T a] B PR A R 7K PR A2 B e
ML, AR S BEAL LB O, BRI GVE
SEATRAILAR . 384T TS T S ) 25 1 A T
()5 sRAE MRS R 5y, ELUnBENLES 3. [RS8 RS A
IR 5y, BiE Ak i 1e BRI B T AR AL



WIAEL RATS No.l B

JPIRCAET N H 3l N AE R SR IEAT MU S A ISR 9

A REBEHLBCE ARG TR AL E, 2 5N
Bk I8, AR5 IR HAE €N
Ret, HAEAFIIHIE A2 sl 2 B9 WAL 1)
Rem AR UL Re AL, BN Y
Efteh b e, s OB Y) . i, g
X HLA S 58 B AP [ R Dl e, BATTsevh T
K. B M (Catcher) FIKh4H M
(Supplier). HLas a3 M ), TUT
g N B EEEIp il R bE Ry U s Y V] 1)
H & TR Ge AL, HLASFRE B RS 5 A 1,
THREERE BN AR, DU RER T AR B BRb 4
sORATREEAN R . ARG 8T, FATA LR
ede: (1) MLESFAIREYIEATAE 1010 IR s
(2) WEERRN Cnktgd) B30 HAR]
T (3) FEARATIZ) Agent vT 34T LR PYAS J5 1HI
FIFEAZE{moving up, moving down, moving left,
moving right}; (4) HLA AT DUBKI A5 H (14T
Ak LSS St FRATATT B0 A

TE N SEBRIBAT ATy a8 o 3 ) a4
FANG A A, ML RE AL 0] B8 2 M SR B
VI Ok . — 71, WL D6 20 ORI RE % S e 1
s 5, R ELLRAIE AL A U e S T RE
ZIWH BB o BN, ST R LA
FEIERA I, FEARERIAALS N FATEFR
RNERE RN BFNE Y, FECT ABEMMAE
e, BERCW T RIS, X T AR A
L SIK S

AN S R T OB IS N R G WA I8
T2 TP BN A AN 8 IR AR AN JZ R 1) H i
MV.:

(1) Pl i A am i, Pl
P I A IR O~ A 5L 1) 5 4 0 M T 1) o
) ST, ElAHR AL, H HIX AR
A AT AN SN FIANEA 58 S50 i BT, HbTii<x
T NI B0y AT, T30 2 1 Re
OFEs MZKIPTRI AT BE S = A B K, FEWLAE
FyJovkimad, PR e MR AT LA A Re A
5o 1B YIRAEA I AL, HLA
(1) H S AR X R S A SR M2 ), 4334T
HW NS, Bl D kg E TR .

(2) fEbLS S Eua &l i, Hlds
Fos AW I B 5 R ERES, YRR T3
FHEI, TR IATRE AN, LI HLAS A
SPAT “suspend” IEMNIETCEEE, K “IBHEE” A

OE N AR ORE, IRl AT “join” W&
PETCERAE, TYBCRZRE “Hhgd” M, kb
Fafet. —HALSAR AR TR HRER, ER AT
“quit” IENEEAELLE T “RhhE T A, Jfi
AT “resume” &N MEERIEK “laTE T MOE
h CEERTORAS, B ERS.

FH T - TH 5 o b TR 0 5 15 400 1) A6 AN W A
1, BRUAHLES FIFEAN R 2 AL T AR B, XA
Il B AR o IXAN G FHE AN LS A3 5
MO A )13, FAE A BRI AR
IOECZN =

BRI, FAT T3 I 8 P it FIE MY &R
G R FE AT W RSz, 1 2%, AR Bt
MDA, TFRAE T AR T R UPUN A 2 i)
e, S FTRGE SRR ETE. IRGAIAT N, JFE
I gk AL Role XA (BT BT FISE I o 75 1% 5241
W, ] L H “Catcher” “Preyer”. “Supplier” =
Ffth., Hrp, “Catcher”f th B4 T/E NIBZEH
—HJENE (fE. BRESES. WD (R
KIA%D F147 K (Wn“moving”, “sensing a prey agent in
the environment”4555) ,

ok, Wt ML ARG Agente TR FH T
BN AL A SEAY S N RS R Agent.
W% Agent HAT &G NAT R, I8 A8 Sk kI
2K SAgent. 1% & 41 2 AN [F] ) Agent: HunterAgent
1 PreyAgent. .71, HunterAgent ;& —A>Hi&E W
Agent, ‘BREMSAR MG K I B & AL, AW
RCE TS R (0, DARRSEPE I RAS BE T 188
). I, HunterAgent 4k &2 SAgent.

B WO RISEILAE ) B FERE NN BIE M,
Agent BETHHISEILS: >) 4% DL SR AR L 1 o
W o G AT LI U 2% ) 9% “CatchLearner”
F1“SupplyLearner”, “CatchLearner” 1 57 2% ] 45 <l
NI %R, “SupplyLearner” 1 57 2% > T
THFER /DI RE IR B LN i IR I REYR 27 ) A et
— il S LA DA TR BR

(D PHBIRIHT SA EOGE IR E SR
. MEMERZMEZH, SA NEA et AR
RJEYE. TR N ARSI Y SA FE WA K
EREEAE EPRAS(EE, BASCRR SA FFe . %
{1 “CatchLearner”y > Sl (PR A (045 - 1818
HHREYOALE . SR BT PRSI
RELY/E N

(2) JEFEARS. I H BRIl 7 >



10 i SOl IR

2014 4F

SEABPIRES S EE LG CRISERG D, MTE Agent
MBI ESRAT RE 8 WIA BT H R4S e K el o

%5 ) A B A7 {Catcher.moveUp(),
Catcher.moveDown(),Catcher.moveLeft(),Catcher.mo
veRight(),Catcher.catchRabbit(),join(Supplier),quit(Su

Requirement description

Developing role
‘ Define environment context ‘

pplien}.

AP REAL S T A 4 Catcher AT 4,
teanm by m Ry e AR, s T SA
AT HAT 1 A 0 e 4 A

!

Define adaptive agents

l

Developing learner
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Background

More and more software systems are deployed and run in open environment like Internet. Normally, these system
are open and have tightly relationships with its situated environment. The changes of environment have great
impacts on the software system. For example, the events occurring in the environment may require software
systems to be adjusted in either structure or behavior in order to make system more dependable, flexible, robust
and reliable, etc., to satisfy the design objectives. We call such system with the capability to adjust various
artifacts or attributes in response to changes in the ‘self’ and/or in the context that the software as self-adaptive
software that are currently required in many application domains like military, enterprise, industry, etc.

Several issues should be solved when developing and running of self-adaptive systems, like software
architecture, self-adaptation mechanisms and rules, design technology, programming language, supported
platform, etc. In the past years, many researches have been conducted in the literatures of software engineering.
These technologies provided by these researches are useful and effective to some extent to develop self-adaptive
systems whose boundaries are definite (i.e., the boundaries of the systems can be clearly defined and specified at
design-time) and changes are predictable and can be well-defined (i.e., the changes of environment or self can be
precisely predicted and described at design-time).

However, for many complex systems like ultra-large scale system, to precisely anticipate various changes that
may result in self-adaptation and predefine the complete self-adaptation requirements at design-time is extremely
difficult and even impossible, because system is continuously evolving, new and maybe un-known elements of the
systems may dynamically enter or leave the systems, unexpected events may occur, and the constituents of the
systems are autonomous and belong to different organizations. Especially, the environment is uncontrollable and
evolving. Therefore, to completely engineer the self-adaptation into the system and pre-define the set of
self-adaptation events and self-adaptation logic at design-time by developer is infeasible. For example, developers
can not anticipate all kinds of changes and therefore the self-adaptation logic describing how to respond to
changes may evolve.

Therefore, it is a great challenge to develop self-adaptive systems in open environment, in which changes may
be uncertain and unpredictable at design-time. One way to deal with the problem is to obtain changes and
dynamically form self-adaptation strategy at run-time. The paper presents an approach that is based on software
agent technology and organization metaphor to support the development and running of such systems. Especially,
we provide approach to supporting on-line self-adaptation by introducing enforcement learning.
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and State Key Laboratory of Software Development Environment Open Fund with No. SKLSDE-2012KF-0X.
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