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Summary

Most of multi-agent systems have been developed in the field of Distributed Artificial Intelli-
gence (DAI) whose schemes are based on plenty of pre-knowledge of the agents’ world or organized
relationships among the agents. However, these kind of knowledge would not be always available.
On the other hand, multi-agent reinforcement learning is worth considering to realize the cooperative
behavior among the agents with little pre-knowledge.

There are two main problems to be considered in multi-agent reinforcement learning. One is
the uncertainty of state transition problem which is owing to concurrent learning of the agents. And
the other is the perceptual aliasing problem which is generally held in such a world. Therefore, the
robustness and flexibility are essential for the multi-agent reinforcement learning toward these two
problems.

In this paper, we evaluate Q-learning and Profit Sharing as the method for multi-agent reinforce-
ment learning through some experiments. We take up the Pursust Problem as one of the multi-agent
world. In the experiments, we do not assume the existence of any pre-defined relationship among
agents or any control knowledge for cooperation. Learning agents do not share sensation, episodes and
policies. Each agent learns through its own episodes independent of the others.

The result of experiments shows that cooperative behaviors emerge clearly among Profit Sharing
hunters who are not influenced by concurrent learning even when the prey has the certain escaping way
against the hunters. Moreover, they behave rational under the perceptual aliasing areas. On the other
hand, Q-learning hunters can not make any policy in such a world. Through these experiments, we
conclude that Profit Sharing has the good properties for multi-agent reinforcement learning because
of its robustness for the change of other agents’ policies and the limitation of agent’s sensing abilities.
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CVFr—Tx v bigfbEEIL, [Whitehead 91] %
B & LT, [Ono 96, Sen 95, Tan 93, Weiss 93] %
EDEBHMAENDH L. BHEHFEE LT, [Ono 96,
Tan 93, Whitehead 91] i3 Q-learning %, [Sen 95,
Weiss 93] i Classifier System &, €hEFh~N— 22
LTwW5,

Q-learning i3, ¥ I 7 kEHF (Markov Decision
Processes . MDPs) O T T, B PRT 52 &8
[Watkins 92] {2 X > TREBH S TV 5 A%, vV Fx—
Y1y PROREIR, —#&, MDPs TidewzeH
5, Q-learning (Z#&D {EiLid, FEBRIZIE, w<{o»
ODAEMMBEICERT A LA TFESNS.
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L T, Bucket Brigade[Holland 86] %> Profit Shar-
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THaY—2ohEFIhicba—YRF 1 I RKFET
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HER (BHLV - LVOAGHKRTEMT 7 > OF) 2
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WONHIKTH L. [Sen 95] 1%, TRy b FES -3
YHERVCEREMEL T, v F -V b
L EBORDM L AT 5 ERTITV, Q-learning,
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I—TYxy PRI LTHATETHLEHERDOTT
VWb, L& L, [Sen 95] #7HLY Lif 7: Z oD &I, &
ILFBCBEEOHBTHLIREIINT LANDAEE
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2.1 THAFI-T1hAREEBICHET SMED
PRTE
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ing[Sen 95]) IZ& o TH L 2 KBEEBROLHENE, &
UEIL—-J 2V FOREANOBRIZE -TELLAR
TEHED _OOMENIEETH L.
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ZIT, FI -V PFEFEPRTHNL, Sonb
{51, S2, S3, Si} ~OKEEBERIBHN LT
HL, SHOCIIKEBEREDEILTIHEFEINE
5. ThzREEBOALHENY (uncertainty of state
transition) IR L IES. EEO L -V Y M HPERE
NWHTIZFETHBE, REBBIAHELLRY, B
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L,
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TROQKHE LWITEIZ BN T 5 2 E3ATEEIC R
3. ZHIIAELHE (perceptual aliasing) B8 & I
i1 % [Whitehead 90].
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BABRTHY, COFEXHERTAZILIITE .
%2 OFEE, BERHKRII L > TAEESHEIREY
SHEFNICEETAIETH LA, HMENBRORH
WEEMEILSRILFEB 7V T) XA KT L LIS
L ik s,

INVFIL—T s b RICEEEZBLERTAE, Lk
ROZOOMEIIN LT, FIETHETELINEE
HHPOEBERICIBEBL TB(IEPLETHY, K
RXOERIIZ DD,

FmXTHEMNGRE LTHRY £1T 5 Q-learning &
Profit Sharing i3, #Hh FNREEEH & ZFEBREILE
DREMFETH D (IUF 95]. T o iF#IZIREER
DABERRUVUAEESHELH IMBEIIHLTED L
A REBEARTONPICOVTEHBALAIIE TR,
FIT, FRXTEHINSOBEBHTH»ITLHIE
¥ER 5.

2-2 Q-learning (C& 35k

Q-learning {3, M ELIEV-FOERAT v 7
TEIL, MFo ) BXU Q) REFRANT, KEXT
BT QELXEHIT LI ELENEL TR
RERT 5.
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Q(:L‘, a’) « Q(m,a) + a(T + 7V(y) - Q(:E, a))
(1)
V(z) = mazseactionsQ(z, b) (2)

22T, ¢ iIREDOKE, o 11BRITE), i ER
HOKREE, riIBBE, v (0 <y <1) BHEFIE, o
(0<a<l) IFETEHTHA.

[Watkins 92] I2 & 1), IREHFMDPs Thb L X, ¥
ZBEB o 2B L5040 EIINDL L HIZRET L,
Q-learning I BBBR IR T 5 Z EAGEH S A T
. L»L, IFI—Txr P ROREIT, —&&IC,
FEMDP &% 25D T, Q-learning DYURMIIRIE X 1
s, EROREEBOISHRENL L UFAEL2AE
DEBHFRTLRVRY, BAIRBRADIGRIIHEFT
EhH. 2B, TOBETH, FERB 2 T+H/h&L
BRETAILIPLETHS.

Q-learning D EFBRIIBIT 2THRIRO HEL L
C, Boltzmann #EiR, max #iRE 7 0 ¥ L FERDOA
AEbHE, V-1 v FEIRZENMNBHSH, Boltzmann
EIRE, —RE BV SR THD [Ono 96, Tan 93,
Whitehead 90], %5 0BT b BHMEICES T,
FREHLTBFCHBEIIH L TRVWHRERT I L4 H
BIhTnws,

S5, FREBEOITEEROFHE LT, MDPs R
BT max #RIC L W BRBERVEOLNDD, AL
MELZECERT2EMDPRETCIIRENEELD
BENBROIL)VPERE O [Singh 94] b h,
max #R & 1 i3 Boltzmann ZIRDII ) BERN L E 2
b s,

DEOBARUTFHHEROERLBEI LT, AR
X Tid Q-learning DFE AR R VFBEOITEHERE
LT (3) A TH &b Boltzmann FIREFEHT 5.

eQE=.ei)/T
plaile) = 2 keactions €T ¥

2 -3 Profit Sharing (& 35k

Profit Sharing 12, HBIZEL TV -FIZBIT 5
BEAN x LiT8ha O PO LBV — VRFIZEEL
TBE, BBV ELNLEATRYI EOL -V e XK
\HE > Tigfbd 5.

w(zi,ai) — w(zi,a:) + fr, i) (4)

ZIT, w(zi,a) BTV —F R EDIiFEHONL—
NOEHR, riiEBIE, fAIEERKTHS.
(2l 942k 0, SRILBBUI DWW ITHBRO BTN S
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94 OAEMERIL, BBELRIET Db OTII 2w,
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FROL I LIEMDP REICH L CHBEATEZ A

- BEYDH5.

Profit Sharing OB AR IZB1T 5TERIRDOFHE
ELTIE, v—Lv FBRPFRVHREZRT Z LA
BHZEmLRTWS. F72, V—L v FBRIRIZERY
BOR* BRICEBRT 28HATOH Y, FEMDP RE
BT LFBROITEERE LTOEHTHS.

DEOBARUFRIEROERZHIRZ T, X%
X T Profit Sharing DFE B RV EBHROTENHR
RELTV—L v bBIREZFEAT 5.
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31 8 ¥ M &
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I U AIIRBLILVOEOHREETE. S
Jxrbhid, FOROONZNEETITEL, ETEA
OFMENZ 1 I7ELL T L3 ELOITEHE —ORIRT
5. RO -V M E-BIICHEET A LI
FI k.
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EFEE. B2(b) DEHIT, FTRTDONY S — DRI
B Lo S BEREEL, T XTONV T —ILH
MEx525%.

Y OITE Y — L LT, FERBHITEE R
BHTBHOLLO 2R RET S, FERABNITEITIL, #
Wiy — OB E LIIERFRICT VY LI TR R E
R 2. RBHITEHTIZ, BYOERIE 5 x5 (L7
L, gtonFmidses) &L, HRACHE V7 -0
CESH A HMC T HITE A IR 5. HFIIMD
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3-2 EMMBEOHLE

21 BN CERR L/-HEMRILEF 7L T XL O
FHRLEIEDEILEREGAADDERARDLD
W, BHFMELYR IR IREEIZSRELT, 4ETO
ERLYEETA. Thabb,

NI —DBREAN I 2K T 3 Esy,

e FFT BNV - BRI LIIHRE,

o Y DITE) /Ny — 2 L FERBEYE I3,
DHAEHLEILL T, LTFTD5 207 —ADOMES
BRETD.

F—21 [(BEAH /268, FEN2-/HE,
W R r - A1V IV =TV b D
MILFEMETH ), FAZEEAENELZNWI ERD,
BN o THREIIMDPs T 5.
F—22 (BEAH/ 248, FEN2- /8,
B IR FBN S ERII o T WD A
Br—A1E&%5. ZOBE, BEONY Y —HF
R OMUILFERZITHIOT, FFERIIBLWTKE
BEOTRHERISEL, BN ¥ -1l o THRER
JEMDP &b, 72720, MOEFNY I —IFALH
DERIZPGR T AUEERE I MDPs &% 5.
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2XNELVHEE 255, BYREABENTHL D
Eh, F—AJITHNRTLT LB LIV R
V. %38, [Ono 96, Tan 93] I3 Z D7 — A %Ko Tw
5,
r—25 (BRAD/ 8B40, FEN2-/8E,
WYy RBR) B AT AERE2TRTEATEY,
BHMBEE LTRIEDBEL NI —ATHE. 7 —
A4 HRTHREEBOIEEREDESIT LI KEL
%0, FRHAEEHESELIESGORE(R
HEFHEIND.
LE2BEHT L&, REBBOAHER ICIHEED
FERNV Y —OFELEDORBITH N ERBFRT 5.
—F, REEHEIIHEORIRIZ X 2 REEA (R
HEAT) OBOSUSGEREETS. 2512, FAREH
EOESRBKEEBOTIRERDPEAORELER
TJAEREEAD L Z LITEBEI LW,

4. E B

AETHE, SETRELLVF—RA1~5DFIFh
LT, EBAY S —OFBTALTY LAY LT Q-
learning ¥ 7-i3 Profit Sharing ¥ E3 L, %% Hi
THOOHBAAITE L FEET LT O L AEERIZE
DR, HRIZOWTEELMZ A,

4-1 E B FH &
TXxTHFRF - ADRBIINTY -2 ANEHEY1
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1 Q-learning KB E2¥FFEH « DFE

wp | FEROIXT v TRI0AIE Y — FH)
W[ F-Z 1 7oA 2 oA 3
a ¥ig | S8 | FH | 48| FH | 98
0.007] 580 | 1.81 | 11.53] 3.56 ] 632 | 8.91
0.01 | 496 { 1.03 6.62| 1.83 ] 6.02 | 803
0.03 | 415] 087 | 536] 095 | 538 | 6.36
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0.1 461 | 1.14 | 433] 095 | 458 | 608
0.4 501 ] 1.20 | 1077 296 | 686 | 8.99
0.7 880 | 233 | 13.65] 4.16 | 931 [11.27

iii. 7 — A3 DR

F— 3T, BYHOXBRATEIN N ¥ —DFEE
WCEEERRIZL, ¥ A2 ILHKEEROKEN
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LTw3. —7, Profit Sharing (JIKEEBB O HE
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BLT2HELYFELT, BULrXR (T L2 L
WBRIILTwa,
T—ARA2EZDRHRIY, MONV I —DFBBL
Y OXBHITENIREEBOAEH v A S,
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iv. Q-learning I2BW 2% BEHR « DEE
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