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The Agents’ Characteristics Which Generate Cooperative Behavior

in an Iterated Game with Variable Payoff

HIirRONOBU INAGAKI,t TAKASHI UozuMiit and KOICH ONO*t

This paper reports the results of the simulations in which two agents that have ability of
reinforcement learning act to achieve their own goal in dynamic environment and discusses
about the conditions under which two agents can cooperate with each other. We assumed
the dynamic environment with the iterated game whose payoff values are changed by agents

action and discussed the situation in which two agents can cooperate.
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var InMem:array[m]ofreal
OutMem:array[m]o f symbol
RifMem:array[m]ofreal
procedure ModifyMem (InData,
OutData, Rinfc) ;
if CTime<m then t:=Ctime;
else begin
forget (InMem,OutMem,RifMem )
t:=m end
InMem|[t]:=InData;
OutMem[t]:=OutData;
if Rinfc=0 then RifMem][t]:=0

-else begin
R:=Rinfc; I:=t;
while I> 0, |R| > v and

RinfMem[I]=0
do begin RifMem[1]:=R,;
R:=vR; I:=I-1 end

end
1 FcET CRIEEFOAEYEHRT VT Y XL

Fig. 1 Memory modifing argorithm for inscetance-
based reinforcement learning.
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Fig. 2 Cyclic pattern (reciprocal pattern). The situation
that both agents can achieve their goal by turns.
(92.98) = (2, ~2).
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Fig. 3 The behavior of z from 1500 to 1535 step on Fig.
2. The situation that the transition of z is stably
" periodic: (ga,495) = (2, —2).
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Fig. 4 One-sidedly adapted pattern. The situation that
only one agent can achieve its goal and another
fails. (ga,gs) = (4, —4).
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Fig. 5 Failure pattern. The situation that no agent can
achieve its goal. (ga,9s) = (4, —4).
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Table 5 The results of the simulations executed under the

conditions presented by Table 4. Rp: cyclic pat-
tern, Op: one-sidedly adapted pattern, Fp: failure

pattern.
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2048 AT v T HAEE DY -0 ThHDH. ki
I8y =R, —FHREIENY — U DIy — N
BT L3H 5D, TREBTRTHELL TR W
I—TVrr b DIVTLAGRTERICEIBLDTH S,
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£ 6 10000 A7 v THEEBBROKEER Sy —. Rp: B
¥—v, Op: —FHWEIE/$y —>, Fp . Ky —v
Table 6 The results of the behaviors of z; after 10000
time steps. Rp: cyclic pattern, Op: one-sidedly
adapted pattern, Fp: failure pattern.

Hi%{#H (9a,98) | Rp Op Fp
(0,0) 8 0 2
(1,-1) 8 o0 2
(2,-2) 3 0 7
(3,-3) o 4 6
(4, —4) o 4 6

BEESMNTWDE L X Th, BNy —VITHER
LTWwWa. L LWEDBEED (94,98) = (4,—4)
DL BN -VITHBEL TWwin,

HIE SN TVWA L ZDF Yy — ik, BEME
B—HLTWVbEELIIREoTWE, -V xV
M, z: ZHFDHLEDORNVE HIZdoTnwZHEL
TwaY, HFES TLERICFHL TS, 2059
ht X, WMEOEBEFESII—EHLTWRLTH, M
EXHMEELN LR T BAR, BOo®B% Z)
WHFIC, B LEVIEAI, BN — U2 H
BT A5 H 5.

I—J v ML, z, DMEZIBE TE, 0, BOHM
(5afLfE5) 2T AEY, HFEHFBEEZH T TS
LE, B REDER L 2TTER Y -
AT EEENESH S, =V b A, 0DIEDH
MEBSEZFITWMBI ENTE S o, DHEEBE Va, i
K=Yz FBOFN%R Vg &T5H. £LTT—
TJxvMA BFEBEEZHDTHIELNTESL oy DHE
WEFNEFN Ga, G LT 5L, UTOEMEIFEH
N =V HFELHBBELTWARROBEHTH 5.

VanNnGe #¢ 52 VBNGs#¢. 3)

P IIEEESTH L. BEME (9a,98) =(1,-1) DL
&3, VanGs =[-2,0], VeNGa =10,2], E1FME
(2,-2) DL &L, VanGe =[-3,-1], VBNGa =
[1,3], BAEME 3,-3) & &k, VanGs = -2,
VENGa=2TH5HDT, TNLOHEMED & %13,
By — B TV A, BEEN (4,-4) D
&I, ThODBESHPERIOES -0
HBEL Twizw,

DL ERHEPD LD, Toll AN I 2L —
T avE, 10000 BE X7 v 7B IS TH S 2048
AT VTHD 2 DEBRDING -V 2 Wb Tz, BER
+6 IIRT.

K6 DHEREIL, R50EMEEDLL RV LAT
»5. oFh, BEES—FLTWwBE XX, KHos
y— By — v LRSS, BEEIEENRT
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KT K-V rrOWEERETIFEHEE 4 ISEEEL
xy EOFEM |z, — g|

Table 7 Payoff functions reflect each nature of agents.

d=|z¢ — gl
3 FIFFBIEK
EE 1 (d<1)
(tolerant) 0 (d>1)
Ll 1 (d<1)
(normal) 0 (1<d<5b)
-1 (d > 5)
ST 1 (d<D
(narrow-minded) -1 (d>1)

W5k &L, EWIEHTE MBS L5580 AE
g — U HFHBEL T3,

DX, BTV, VY LALRRITH
BICLoCTHERERL &) LBRERASL. £20H
BT32o0/ =YD RON B, WEDBEMEOTE
BOBEAWICE- T, BT AN -V EHRL W
INF =B BT EDREND LN

4.2 I—-J 1 hboMEICLBEN

- b OFREKE, FOor—Y 2V FDH
BRI TIE%RL, 20—V oV MRS VEE
BERTHE, CORBEORY, Hovidki: By
THERBLTWVWALI LD, FEREETHS. |
BT, V2V MIHFORDZHTERIVD S
E, By — 2 o TEWCFIRE DT E ) ThE
BAEKRELRLILICERLA. 22T, TITIRE
GTol-FBEREERETHIET, -V M
BBV T, F4OBEETYIaV -V
YLTARBIEITT A,

Z2C, 3BEONBHEKEERS. 123N T
TEREL DT, BEMEIZEFTEOREE T EL
D, kRS 0, HEEIORWEBEOFBRE S
TEA, COBMERE -V bR [EED
(normal) T—J Y P ERERZ LIZT S, 220D,
BAEEIC R L EOFIBE T ISHS, £ DANIT
RCODFIBEZITIAE. COUEL [ERTHS
(tolerant) EFERZ LI2§ 5. BKiZlX, BOIEDF)
BEZIERLBELINL, TRTEOFIREICL 5F)
BT, ZomE% [0 ] (narrow-minded)
EERZEICT S, FNFhoOWY & FOFSELE
R 7ITRT.

2%, ThoDHER, HEORIMIMNL CES
PEIPROWTHEL DD TH B, AT —
Vv hbiE, BOORIUNTITRTEKRTHSL,
BARL—V Y MIEFOBEITERLTY, HICR
LW, FheEho 3 BHEHOBEERAGDLET
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F8 FX—Vav rOUEOHARIEAYIab—Ya R,
HWHEIZ, N (¥8®), T (EF), S (La%w) T, &R,
TREN, FEINY - [—FREES S — v [y -,
(2} ¢

Table 8 The results of the simulation that the case of each

agent’s nature is different. Natures are N (nor-
mal), T (tolerant), S (narrow-minded). P/O/F
shows how many patterns can be seen in it of pe-
riodic, one-sidédly adapted, fail pattern respec-

tively.

wee (94,98) .
(AxB) [ (0,0) (2,—2)  (4,-4)
Tx T | 26/0/a  18/3/9  12/4/14
Tx N | 26/0/4 18/2/10 0/5/25
T x S | 20/0/10  3/1/26  0/2/28
Nx N | 21/0/9 12/1/17  0/9/21
Nx 8§ | 14/0/16 2/0/28  0/5/25
Sx 8 | 4/0/26 1/0/20  oy3/27

YIialb =Y arEfiolk. MAEbEHIZ6EY
T, ENTROMERI, FHIEE (94, 98) = (0,0),
(2,-2), (4,—4) DFEEFNETHI 30 WITo72. #
BARBITRT.

BEEZRTH, ERNCEEEF N LI2oRT
HEWHPFREFTEI N -2 TH D, By —
YOHRBEBITBRIL TS, LiL s s HERE
F—HLTWEEETY, T—JxV S HEL D
LORVIFEAEDO L &2, BRICEEAAY - 0l
BEHEFBRI LTS, 72, BEESEL T2,
(94,98) = (4,—4) DL ETH, MEOUEIER
Thore i, B Y -V HEBRICE CBBELT
W5, IheDEmiE, #honbiich s, BiEMH
(94,98) = (2,-2) OHAKIF> EVFEATV S,

REY, EENNY -V ICELEL LDITIX, HF
DEINFT 2EBEPEETHL L VIR -
e, e, BV 32l —Y g vy C—HREEY —
DHBIL 7298, LOMEIE OBEIZHL TEME &
ORFTVEV) L) REMIIHRETELh o7,

5. B

AFRTIE, L=V zr MZIBOBEBRY S % EA
L, ZORRORBELEL -V oV FIRED RN
NEFETT L) LB RIZTEELER. 20
FERNRORKEBR L BET L2 LICL-C, HEE
DICFIRE BT VBRI TH B0, —HDAH D £
R o TVBIRED, THED I F L Vo TR VIR
P HERL 7.

3 ODRIMDENIZ 2 2 HDERZ DD 728, Fh
FhoOEBELPHEELZEZ TV Ial—Yarifio
7. FIEFELII—HL TV ABEEEBRVT, T—Vx

HAEBRIRRL 7 — LIBT3 —Y = v P OBFITEORE 1063

v FDEPN BRI, TEOBEEL HEOMEIC

FoTRODEIICHETE S,

o HFEIFBETHLERILLPBETELVIHE
A1 72 2RI

o MFENHBETLE XX, HSRBERLEZVEWVS
K. '

KDY 32— a vy CHEL /-, Bl sy —
YR, -V D) FLBAL TV BRIETH B
EELD,

XHK5) Tid, MBELINADY LV U THRHBEEY
BCAHEINELC[HFEEFEEL 2w L],  [H
TLBEYLZVI E | THFICHERZV & | [HFC
SN2 ZOFEBELTHEI L] 2HITTVAS,
FHEOL—T 27 M, HFEZOWTOEFVEE
BEY, BRNROKEBOAZBRASETVEZDOT,
RAD 2 DOHANE, FHRICRESN TV LWL 5,
Lo LY D221k, BAlINS -V ilhol X0
IV OEBEVWE IS ELTHE., —F?2
DOL—T v NFEEENY - Ry, FREEW
KEZLEAI LHIKEDT S L, 2L EfFENCEIL
BRERONGRL 2 A, F/z, BHBICHRBAREIC S 7
LE3NBEIEHL TVBEDTHEDE, TRHFD
FIBRLTHEVIERICESTE T TS,

FoT, KEDY IaL—-va v FH sy —
i, MEF I ELRo>TWT BEERRREEL 505,
IV MEHHLZRETI IR o TV DD
SHELT, 41HTRLER ) 25E1 503, L
NL, 428TOY 2L —varTix, R Q) MK
LB TH RPN - 12 5B RONE10,
K 3) WEH 88 — BT 570054 ITVE
VA, R (3) TIRL 2 SERAEF U IEVIZ & B
NE = 2D RFTVE VS EIICIZIED YA W,
L7aHoT, Z—VxV BN EBETHIFE R
TV 72ODEGFLE L TRD 2 0217 T 5.

(1) SAOBBEREDTAZ L.

(2) MBOZ—-T Y OFIRIZZBBETD, BS
BRICETHEIBEIL VI ) el ¢
5T L.

BRI, &L L TEESRT BT 2880 Y
AT ADEEL BB, 72 2L, ERORES X5 A
BEITHD. Thid, RERETRIESC2EEL
METLER,PO 2 -TEY, FROOERD REHE
ROBEDRLDT 4 —F Ny 2 2B THBINTHS
EVH Ry P T BREICR-TWS, oF hEHIL,
RO I L FRICRET A LT, BEWCE
PRIZLESTWEDITTH B,
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MENEVWMEL RO 54T, &
EREESEEICE VTV A EEZ LN, ok 2T,
FUNMNF—RBD X I, REVAT IFREL &
LT, REEZCESFSIT 2<%y, BFUND LD
FTRTEPPBRL LD T8RS ERTHEDD
3. 20X BAeE, LoPnTI -y MlEo
TIREBBIREE I 2> TL I IHAICHLT AL
EZroHh5b.

18T, HEEELHRTLVATFLATE, £V
v FOFENE, MOBKEPLCERENEEIILDHOD
THAHEILEFHILE. ROV Iab—Yarilio
T, BERBOFTEIREL FH S, ThrMiEIC
LEEERIZTT L RRRTIR, BRERLOBEE
B—HLTVEY, BECHTIEESFD L5
1, BIEORBIRECEBT LI EFHRATELHE
BAELN, M, BEESELTWYY, EC
T 2EROESCD R VERE, BEOERBIAR
FBICR B & HFCEIOONT.

AFETIE, FIBELSELT 27— A CBIMNG TR
RREL, FITLRMICERINZEICENE, K
HEOMLPERNL LT 2200 -V oy MIIE
L7 LAL, T=Vxr DT —FF7F v ER
Lold?d, 1k 2T, RERL KEROELFERED
ol =Y P EFNEFNHETEY I 2L —
TavduETh b, 5T, TITOEZERLY
DEICLTHWADREVWIZ LD, 5HBOFET
H5.
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