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Model-driven Development Methodology for Complex Self-adaptive Multi-agent Systems
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(School of Computer, National University of Defense Technology, Changsha 410073, China)

Abstract  Self-adaptive system is a complex system. How to develop such systems in an effective engineering way has
become an important topic in the software engineering community. This paper presented an agent-based model-driven
methodology that attempts to integrate MDA and agent technology to support the development of complex self-adaptive
systems. Qur approach takes organization-based models created by ODAM+ as platform-independent models, and mod-
els based on SADE platform as platform-specific models. The transformation between these two kinds of models is per-
formed by establishing the mapping relationships of meta-models in these two different levels. This paper introduced in
details the software methodology ODAM+ and the involving technologies such as meta-models and their mapping rela-

tionships between platform-independent models and platform-specific models, transformation rules and algorithms, lastly
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the software toolkits supporting the methodology was introduced and a case was studied.

Keywords Self-adaptive system, Agent,Organization abstraction, Model-driven architecture
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JADE 24t T UL F —H IR LR Z Agent REMFF R FE
7. LB B FE Agent EGF LA FHILE . BFMRS5 . FI-
PA ACLXEHZ%,

—A-fy SADE FF & W R L& T WA 3 FiniyLion
BEL O EUT —HEAER,

« fi (BRI (RCM, Role Class Model) , 52 X 136 4y
HAGHEAERBETTHOR, BMEEHE—SHETH
BT R RS CEAMFEE, FRE BEN MAS RER
BEXEN M EEEENEE. ARNHFPRFERFE LR
2HEBMIREAAEL. SADE RGRHET — 88 BT ENE
AALRRER , T W 4R RS- RS P48 TEAR AR 55 .

o Agent #%I(AM, Agent Model), & X Fi3f3E T Agent
B — S B A (E BTN, W4 F X R B A8 DR R A
SADE #2iF—1 Agent RJLAE O.. n PNATEI B B 1E Wi KB .
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3.3 FTIERBIRRSGE

3 PIM 2 PSM 4 BT R DA L A AR R
JRWR ) SRR R IR B BRI S 2R 5 MATIT o B B A6 4R ik T 2 L
Hut., # 1R T PIM A PSM S Z R X REX & .

F1 THEEBRHNE
PSM # L& PIM # T4 57ty PIM # &
Agent Agent RTM, AIM
Role Class Role OSM, AIM, REM
Property Resource RBM
Behavior Responsibility, Activity, Interaction RBM, AIM
Environment Environment OSM, RBM
Strategy Dynamic Binding RTM
Event RBM, AIM, OCM
Service Service RBM
Sensor Environment OCM

SADE H#) Agent 7] DL H3E R Agent, H7] L2 ¥ 1
Agent, RGP EAN Agent JE BiE B Agent if Z 5 3F Agent
BT R R, FFE i 4k AR AR Agent 28MRISEB, PSM
1% Role Class 5 PIM H1) Role A8X 87 , PIM 1 £ 8 B R R
PN Role KB, M B IR TE S SR B 33
2% Role Class #9474 , Role B3R 3EXT 57 F Role Class (3,
AR PIM BT R I B8 MRS B g Bt o il
SADL #ii& 1 BB R KRR . — i, ARIMFRTFEAR D
1R R

4 BEEBREE

£ ODAM-+41, ) PIM E] PSM %% #8638 53 LA T B~ By
Bk i . ODAMA ) PIM 3 %3] SADE [y PSM 487,
M SADE ) PSM #1812 B AR UEHESR
4.1 M ODAM+ #HZF| SADE %

M ODAM+ ¥ PIM % 5] SADE (¥ PSM ¥ & i ¥ 35
SRUTE 3MER %, BIBHAGSWEA L R B GR
ZiiY Role Class 8 ; ok, BIBAGIT R AT EH
Rt AR TRA S = B EAGKEEE AA%F
TERRIAE A Agent AR B 18 N SR BEAEAY,
o A AR R A
GenerateRCModel (Input: OSM, Output: RCM) {

for (each role r in organization structure model M} / generate role class models
if{role modei M, generated from » doesn’t exist)

generate a role model M
M,.name = r.name;
endif
if(role » inherits from role r)
if(role modet M, generated from rp doesn’t exist)
generate a role model M
Mp.name = ro.name;
endif
establish the inheritance relationship between M, and My, 3
endif
end for

}

B4 ERMAEIERE

ODAM+@ARE MM T B — M B # N SADE
BE X A AR EELE O, EfTRAMHRINEF.

W ODAM-+H ARG R P I A (B Z (8 7 A S 285K & (A
BRI AKX — R RN R B B SADE AR AL b X i
AR Z ] B 5 R (INGEARD .

- WA IR R

75 B AR 1 ODAM+ i) RBM, ¥ Xt - — 35 BT A L) #
EARBERGH—P R L. BE AT IRBTR I AE
B B B B STR G 18 0 1 (8 SRR A B0 A7 8 » FRAF R
HIE B R B NIT AR M SR, R KM EfT
R & A A GBI RO A B2 BYIREE, B E IR
SERAREY A F A R R B . =, MBITMEE TR
M HE N A AR T RS . B, M OER PR RE R
HfERPHRYE. B 5 RAR TR,

ifthere is service-dependence @ bctwocn andenv)
generate an environment e,
ens.type ~ “Service”,
ens.name = d.wamc
creatg the sensor for the environment

RefineRCModei(Iaput RBM, Output RCM) {

1ol(uch role behavior model RBAM and the role (hut it describes)
find the role class model M, generat
for(each lv.sponslb ity meBM) //;mcm S bohaviors
behavic

end if
ieh msme =rpd name ifthere is activedependence o beiween » and env)

iftrp il generate an eavironment ens of M, «
lor(uell sub-rcponslbdu} p ofrp) ens.type— “Role™;
genm e a beh of beh; ens.name = d.name;
LIAME = $7) P m‘m end if
£ cadfor end for
ondif for(each resource rs in M)/generate aftributes
endfor L ) generate 8 Class ¢;
for(each scrvice s in REM) //generate services

generate a service ser of M, ;

for(each environment env in RBM)// generate cnvironments

BS5 KA aRBERIEE

A AR Agent BBERVF [ 15 B SRS

ZH BRI ODAM+ ) RTM F1 AIM 4 i SADE
) Agent BERUF 5 35 MRS, B %6, I RTM f1 AIM
i SADE H11) Agent 8, R 8 2 FH—3E. HK,
IR RTM A4 B A R SR e B R, 40,48 A= B4 SR IE 1) B 38
RIHU . fub % B BRSPS, BARB LA 6,

GenAgt&StrModels(Input: RTM, AlM, Output: AM, SSM) {
for(each agent a in AIM)
generate an Agent model M;// generate SAgent models
M,.name = a.name;
end for
for(each role transition model RTM and the agent a it describes)
if (no cotresponding agent model)
generate an Agent model M,;
M, name = ¢.name;
endif
generate a Strategy model M, for M,; //generate strutegy models
M,.name = a,name +* Stratcgy
// generate adaptive rules of the strategy model
for(each transition ¢ in RTM)
generate an adaptive rule r/ of M;;
set the change event of ¢/ with the event of £;
set the adaptive action set of r/ with the action set of 7;
for{each rolc # as active role in the source configuration of )
gonerate a state st of rl;
st.name = raname + “@Active”;
end for
for(each role r as inactive role in the source configuration of 7)
generate a state st of rl;
si.name = r.name + “@Inactive™;
end for
end for
end for

}

§ 6 AR Agent BERIFN B i SRS ISERY B

4.2 J\ SADE #EIF| X MIELR

FAZETF JET(Java Emitter Templates) B4R 7 =, L3
M SADE R BB HER i ¥4 8, 1E % EMF (Eclipse Mo-
deling Framework) f— 4 B34, JET $4L T35 ISP 19
FHRARPELMR.

3% SADE i M 358 R | Agent BERVH 5 38 N7 SR B 4
B, R M B RBERGSUT S KRB A6,
Agent 241 538 I K #E . X F SADE RIS E M EK,
AR AERBEFAMN, ZRURTERAKGLPH
Role 2%, 3 B HHFEWBHE AT E “nitO”fi“exitO”, F1E
“Init( )” 7 & o 4 FL AL “ addBehvior ( BehvaiorName) ;7 1
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“addEnvrionment(new Envriornment ( EnvrionmentType, En-
vrionmentName) ; 7, DM AR A BRPT HMHE. M THA
CEPRE MR B ER—MT R ZRYR T E AR
42515 Behavior 28, 3% B H AT 1R 5 & “action O F1“ done
07, AAENEIMEFEZEZACLE “init O”F1“exit
OIS HFTEN LS. 3T E—1 Agent 254 H], fn R
&% Agent XFRIA B8 IR, WY BENL Agent, A HE
HE R — AR “SAgent” B Agent 38, B A R — 4K A-
gent i) Agent 28, XIF HIENL Agent, FE BB HBA KT
B:“setupO” 1 “takeDown()”, % Agent ) H 3% 7 SR BE 15 B
TEAE setupO” gk P HEIMILHE“ setStrategy(this, Strategy-
Name) ;" ARI#HAL . ¥ T84~ B &N R IR AL, 3 A4 B — 1
F SADL #3215 B WA (LE D,

T8 o puciage ot e iy

templates’ "Serategy Templat smn

. nudt sade.core.implemert ¢’ Hig for( mm size(yi- )

B if( m: =qu|'( ))( G

(SSmgy)nsmm uetliy,
IK“ Y‘

B 7 HERET SAD i HIE N AR AR

5 NFHTRINARIE

ATZRBENRENEHEHF L FRTHRELR
ODAMTransformer , JRK H AL B B X 7% ODAMA+-RyR {4+ T B &
ODAMTools 1 (L, B 8), ODAMTransformer i ODAM-
Tools FrEET AR M AT AL T & TR BRU B LR
W4 R R BRI . . ODAMA- ¥ & T4 5 2] SADE
WEEHXEBARZEXAVMEFABER. £F
ODAMTransformer 74 2P RBELEE U TR A E
R AT Java WMABN ARG FEBNABERNET
SADL #) 53E M B BAABHESR . X RASHELRE L T W E
WRERANEFERFUREMNZEHZEXR, HR
T%%EP ﬁiﬁf‘ Agent o= Pry a1

& 8 ODAMTransformer ¥{4 T E

ET HENSE Agent REMERIIRZHIF & 5 ODAMA+
PR —H T LBEFARMKG TR RIOVEIFRTETA
RN ARFIBST AR, AT EHET 5EMHLEEA Gar-
bageCleaner BT HBRNM HEMN X B REEFS . HTHRIE
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RRi X R BT AT A F R

KRR, A SCHT R 9 07 B A T RT LLAE RS # R4
K BEN RS BARUASAESR, RE R BN BE B B AL
FBBANE, EBERYRETER SR E
B A A B AURD G5 B B B P B AR 1A L P 4 o T
BERYE, TR H T 2 2% BN RGP R BRI & .

6 HXTEXESH

FEIB 1T I8 PR BB (U R 0 B ZE T IR (4 In-
ternet WJH R ) TRAREH —HE RS, WREKM
B RGN — RS . TR IZHE, B3E M
AEWBIRZD THEBRME. BIRTE AT 26 HHE
P REMEYR . ERG TR, 7 X HENREH
FETFARARH TEEK, B B9 KW AR 48 Bh 45 il S 15 2%
RS EAR  WEK ARG B4 R IR B AT SO 3R 8
ST BT I 3B B OE B R S R AT B R RT
ToBe, X TAEN BB RN I ZIRU TR EBRE AR,
EENKGTEORS. RBWTIFARE. @ F BEN
ARG H S W E R, IR R ARG RBRE T EEHRS,
RETTRBBRMEE, IR E BE R R KM TR il 1
—TNEZ B

AR LAY Agent PR PR HRIAFIRIE N B A
BB RET R —FEEHED . Ftaw, Al
H T L+ R Agent SBUE T AT K % (I Gaia, Tro-
pos . AML %), IRE A Z A R TRALTT R RAH AR,
B2, X S J7 IR A0TE = B A & AR AR IR 36
BRBSK RERB B R E ), ELIFES K Agent
BRI, AEATHRRERFEAWBEMNRIDWIFL,
RERZARIOLBEAR S, R BT S EABR Y,
B A ATIFERD . SCROI0AREHE k2w b
X BEMASITT R EEN, WHE T e X H H AgentFF &
Tkt Gaia AT BEMY FER T BB R REMIT &, (HE
BIAHABARERETERIFAEMNRENIFR. U
[12]5| AT Context AR Bl R FF A5, B3t T L/
A ESAREDE RN RASH LA G R BN EEN S
Mo FEXTTE . BIE—MEEN TR O-MaSE k%, B8
TR HERGEHITOAERL, 1T Agent 853 BRHHE A AKX
LHETRHNEHRMAEN . B EH AR X 1S
o7 P B4 R » e B R A3 7 A8 Y SR ST 38 X 3 B E AT 4
H_f[ll] .

AR R AL IRZ T R BASI A BIE [ Agent 24T
BIARZFERSE Agent REWF RZB T AMNBX
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