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Abstract: For conflict game, a rational but conservative action selection method is investigated, namely,
minimizing regret function in the worst case. By this method the loss incurred possibly in future is the lowest under
this very policy, and Nash equilibrium mixed policy is obtained without information about other agents. Based on
regret, a reinforcement learning model and its algorithm for conflict game under multi-agent complex environment
are put forward. This model also builds agents' belief updating process on the concept of cross entropy distance,
which further optimizes action selection policy for conflict games. Based on Markov repeated game model, this
paper demonstrates the convergence property of this algorithm, and analyzes the relationship between belief and
optimal policy. Additionally, compared with extended Q-learning algorithm under MMDP (multi-agent markov
decision process), the proposed algorithm decreases the number of conflicts dramatically, enhances coordination
among agents, improves system performance, and helps to maintain system stability.
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D(p|q) —Xép(x)'Og 0
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D(Pr(a)) Pr,-(a,,))—{,;JPr,-(a,)logPri )

4 KL PE 5 (Kullback-Leibler divergence) M &, L Agent i % j 5 & AR AL FE B (845 & A8 X FE 39):
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Diff (Bel,(j), Bel,(j)) = D(Pr,()Pr())) + D(P(N|Pr. (/) = 2 (Pr(a;)~Prl(a,)(logPr(a;)~logPr/(a,)) (2)

a;ed;
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HET Markov X SEHESGUN,S, A, T.R), &4 5 15 AL,
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O(s,a )=1;
V(s)=1,
for VseS§
7(s.a) =Y,
for V Agentje N(j#i),VseS
7(s,a))=Pr(s,ajlBel(}));
(2) 171k F%
if explore with probability P,
return joint actiona uniformly at random;
else
return joint action a according to individual policy 7,
(3) 2>
Update 01 Q,(s,d) < (1-@)Q,(s,d) + oA R (s,@) + yV,(s)];

Update 7 ﬂi(s)eargﬂlirglr&)ngfx Pr(s,a_) Y. m,(s,a)reg" (s,a,) |;

a;€4;
Update V2 V,(s) « > 7(s,a_;) D 7,(s,a,)0(s,a;,a_,) ;
a; a;€4;

Update o o < axu;
@) EeE
for V je N(j=i)

Retrieve Bel’ (j);

if Diff(Beli(j),Bel’(j))>J
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7(s,a)=Pr(s,a)|Bel’(f));
goto (2);

5 LREHERSN

T LW Ph S SE O 5 SV B I0AT R, 0 AN Bk AR SCAE T #1) Markov B8R TSR B gt AT 1 sk
06 F AT T RE S SR %1 Agent 2 ) B2 S AH [ O 1 2, JU RSO i B ANAZ R GER A e o 1 5 1), LIk
T ARG HTHPIRA LU T Agent (R A1 AL R 1R 2% > S B 4R 3138 W 22 4> Agent 47 4 I ) S {1t S s
ST E 2 Agent PRI 1 AR A6 RIS S 175 D0 AR 1 5000 BRATTHE (K ph S 5% O 24 2 Sk i sl adt
A6k 2R U WA SIS s 1A 2 o A Agent {5 & 5 B DL SHEm 2 1] O &R

P U 375 (8 5 A2 B Brs) @ ar Markov FE SRR A7 A4S Agent, & AI14% A RS ERE AL T
TP 5 B KT B2 o3 s K BT 55— 34, — A Agent — R ERCEE L AT B2, HIE R PR OBy — IS VF LN
L, 7 WP A NI R G B O H2 3 3 A BAL I A5 53838 — M DTS 2 2 AN SR 0 7 R, A 42
LI IR BN R A S E T —AMESS I RIS 2 AN BT B3 B R GOIR A g SO P IL P R B B R G
WIUIRZS So J{ 5,5} LI A7 HE A AT 811K (a0, bo), M P A Agent K 23 K ARl 4, 123 AN B 53 ) B ik ik IR ZS TRAF A
ARAT A GEFCE LB IEFESFE AL, W A K BESE K ISR 1L, RGOS A2 (4,5). AL HE, RV Fe e
Wk 5 AT B s, m Hon 5353 7s A F B i AR I8 2L 1K) SO AR T T7 1 50 58 AT 55, R G MBI IR A
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PP 1 p=0.9, 37 RV 1412 o8 50 R U 18] 6 ARAF e #3577 i 45 .
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aq. wait

A A

Fig.5 Fictitious experiment scene (state transforming shown right)
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Tablel Game resultsfor Agents of different type
1 AFEZE Agent HA HZRLL R

A RegretQ-Agt O-Agt
Games  A’stask (%) B’stask (%) Conflict | Games  A’stask (%) B'stask (%)  Conflict
Rand-Agt 656 58.08 41.31 1990 565 43.01 0.0 7 669
B | RegretQ-Agt 643 51.17 48.52 1987 - - - -
0-Agt — — — — 1000 0.0 0.0 100 000
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0, 1T AR 0 5 3 B IR 458 % AR AR S 36 vy o S8 BB AIG T K& 75%.
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M 4 O-Agent B HHT A (9 B R, A A (- 26 (— e R EE A1) 1) B GG VRS20 1 U H bR N R G £
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Fig.8 Influence on policy quality for belief
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