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A bstract

A novelm uliragent renforcem ent kam ng approach is poposed o leam the coord nated behavo rs &
mong moperative agents tean. The proposed approach combines advantages of the modular architecturg pofit-sharing
learnng and opponentmodeling technique n a sngk multi-agent fran ew otk Smu laton results on the pursuit prob lan

show that the poposed kaming approach has faster convergence speed andmo re optmal po licy over conventionalmod-

ubrQ-kaming akorihm s

Keywords multiragent leaming Q- kamng profit-sharing leaming m oduhr architecturg opponentm odeling
1 2
agent 2.1 Q-
) agent Q- W akmns
[12] [o]
. . agent
s agent . Q-
3] .
. agent :
L Q(s:a)<Q(spa,)
agent st YmaQ (5,100) ~Q (s.0) ) (1)
, agent agent a€ [0 1] . YE[Q 1] > Tie
agent agent a, s St 1
agent
, . 2.2
agent a- (Pwofit Sharng PS) "
gent , agent t agent Sty
, agent a, R. s
) agent - ( state-acton pak SAP)
’ (Sn a') 4
agent ) agent

: 2005-12-0% : 2006-03-15
: (Na 69985002)



8 agent 1489
R, 3.2
w(s,a,) <w(s,a )+ (R, t) (2) PS Q- agent
w(s,a ) t ,f " PS s
e SAP
, f : , Q- PS
f(R,O>H X" f(R i) (3) : Q-
H SAP Q- . , PS
SAP.  a,€A, a, €A, agent a
3 gent A A,
agent , ) .
¢ (1) . €S a. €A (5),a, €A, (s):
agent agent
Q (s,a,a,)
1 agent 22; ()( )
a)te ,
(1 IM, - (2) b) ( )
OM, agent ®
\ . (3) MM, %
@ ag, (Sn a, )
Bagent a, agent a, .
% .
_______________________________________ Ste 1 agent T
I;"%’filagent @ St 1 ,T=t+ 1, ®
! @ Q(sasa,):
! (a) a, ZUNCERTA N
% Q(Suan a“)‘—(l— (I)Q (Sv a,, a“)
f +olr, + Y max Q (s..asa, ]
| ’
"""" a, = argmaxP (s, b).
B1 REMESREE IS (b) a,= UNCERTAN
3.1 £l 6Ao (s), :
agent , agent Q(s,a,a, )< (l-a) (s, a,a,)
s agent S ngl_(i?ﬁ)EQ (Suna/)-.l
, agent agent ,
agent EQ (8.1, a) :[EAZ(: P(s.,b)Q (sewasb)
) agent agent )
& & ®r—t+ 1 @®
t , agent a,, agent
. (c) SAP, Q- :
a,. s s. , agent agent t
Lol Q(s.a.a,)<Q (s, a, a,)+ R, 1) (5)
a, : R (3)
agent , agent agent )
) a, 3 a, UNCER_ f(R, t) — ]"1-1R (6)
a,, agent (4) 3.3
1- M]k a, = a, GM (G reatestM ass)
P, (sa,)= [Aq (s) 1 (4) L
kP (s a0 ), 2, argm o V' (a,) (7
k€ [Q 1] , L LEV (a)) k
|An (s) | agent S a, >



1490 2006

EV' (a.)= 30 P (5. 80)Q (s a0 a0) (8) v=09 SAP Q- QL
a,CA,(s)
- Q2 5000
3.4 agent
@ 1500 ,
S
' . . p
@ agent ¥
0- Hunter 1Q -Q01
7@ oM ' Hunter d=3
s Prey agen t ,
(%d“@)) | [Sl= ((al+ 1)%+ 1)’ = 2500Q Hunt
agent a,, agent a,. or 7500 Q-
Sir 1 agent Ty agent
@lg:lg a,) o (A+ 17+ 1)" =
R fe ) 6250000
@ St+ 1 ) @
Dagent Q- .0Q(sva. a)) 1500 ~8—Mod-Q
Gr-t+ 1 O 1250 | —— Mod-OMQ
—&—Mod-PSQ
©) Sty 1 , PS W 1000 —+—Hyb-RL
R. %\ 750
B-
) ) Q@ 4&& 500
4 250
ol R punptth
B B 0 1000 2000 3000 4000 5000
) R 24
4.1 B3 ARZEIFEMHE
2(a) 10 x 10 , 4 M od0) '™ ( i) v
agent( H un ter) 1 agent( ( 0dQ) 0 (
M od-OM Q) PS Q- ( M od-
Prey), Hunter agent , agent 5 .
. agent PSQ), M od-OM Q Kaya
T Hme i . PS =02
Prey , agent . k=0 18 3 PS 4
d agent v,=(2d+ 1) x(2d+ 1) ' (D) M od QM LM
agent D, agent ' ’ odQ ’ Q
agent , 4 5 (2
agent R . Hunt OBM
er Prey , 2(b) ) ( )
( FP) N agay uk i
42 ’ R M) .4

1000



agent

1491

1000 , 50

[4]

[5]

, PS

1500

—=— A=0.05
1250 —*— 2=0.10
—a— A=0.15
5% 1000 —_h— L=0.20
£
"
& 750
gt )
® 500 \%\
250 \
N
0 L H o
0 5 10 15 20

RHUH
B 5 RNPHABERRSETHFEILGR

agent agent

agent

agent

agent ,

Ho E KanelM. Leaming word nating straleg es for coop-
erative multiagent systam s| J]. M achne Learning, 1998 33
(2-3): 155- 177

Garhnd A, Aliermn an R. Autonomous agents that kam to
better o nate[ J]. A ubnomous Agents and M ultrA gent
System § 2004 8(3): 267- 301

Kaebng L. P Litman M I, Moore A W. R einforcement
leaming A suwvey[ J]. Journalof A rtifc al IntelligenceR e
search 1996 4 237- 285

Brafman R I T ennenholiz M. L eaming to cordnate effr
ciently A modelbased approach[ J]. Journal of A rtifcinl
Inelligence Research 2003 1& 517- 529

ChenG, Y angZh. Coordinatingmultip le agents v remn -

forcan ent karning|[ J]. AubnomousA gents and M ultrA-
gent Systan s 2003 10( 3): 273- 328

[ 6] W atkins C JC H, Dayan P. Technicalnote Q -kaming| J|.

M achine leaming 1992 8(3-4): 279- 292

[ 7] G refenstetie J J Credit assignment n mk discovery systan s

based on genetic alorihms| J]. M achine Leaming, 1988 3
(2-3): 225- 245

[ 8] M iyazakiK, Kobayashi S Proposl for an algoritm © m-

prove a ratbnal po licy m POMDPg A ]. Proc of [EEE In-
temational C onference on MC [ C]. Japan Tokyo IEEE
M C Socety 1999 492- 497.

Ami§ SycaraK Effectve leaming appwach for p hnning
and schedulng nm ultragent domain[A |. Proc of he 6th
ISAB[C]. France Paris TheM IT Press 2000 507- 516

[ 10] Ono N, Fukunoto K M ulti-agen t renforcan ent kamng

A moduhr approach[ A |. Proc of the 2th ICMAS[ C].
USA, Porthnd AAA TPress 1996 252- 258

[11] KayaM, A hajjR. M oduhr fuzzy-renforcan ent kam ing ap-

proach w ith ntemalm odel capab ilities form ultiagent sy sten s
[ J]. IEEE Trans M C-B, 2004 34( 2): 1210- 1223

[ 12] C laus C, BoutilierC. The dynan ics of renforcement leam-

ng i ooperative mutlagent systams[ A |. Proc of the
15t N atbnal Conference on A rtificial Intellgence[ C].
USA,M enb Patk AAA1Press 1998 746— 752

[ 13] NagayukiY, Ishii § Doya K M ultragent renforcem ent

leaming A n appwach based on the oher agents niemal
model[ A]. Proc of IEEE CMAS[C]. USA, Bosbn
IEEE Com puter Sockety, 20000 215- 221

, 1977

1999 2002

P agent
E-mail zhoupd@ hit edu cn
ad , , , 1937
, 1983
. ’ 8763
1 4 6

200 s 4



