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Mutual cooperation in selfish learners: Prisoner’s dilemma under uncertainty
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A fundamental problem in group decision-making is a conflict between individual and collective rationality:
selfish individuals who attempt to maximize his or her own payoff yield sub-optimal outcomes for the group of
rational individuals. The present study analyzes the iterated prisoner’s dilemma (IPD), known as a model of the
social dilemma between individual and collective rationality, and asks what situation can relax it. In view of past
psychological and economic literature, we introduce a sort of bounded rationality, in which each player of the
IPD does not know the game’s payoff structure and therefore each needs to learn it from past experience. Our
analysis shows that the two players can establish the mutually cooperative relationship, although they learn to
selfishly maximize their own individual payoffs. This result can be interpreted as a relaxation of the social dilemma:
bounded individual rationality can also be collective rationality.
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VIO R R REAE & B S BIRRRA  = XALWPINTE
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X 11% o; =0.0,0.01,...,0.98,0.99 OFiFH CHHEH CC
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AL RMIE & 1 YHRIE % LSS 2 720012, EH AL % 43
W 5. EREINEIE Q(CC)+Q(CD)+Q(DC)+Q(DD) =
1 235729720, 4 RTBEEIZRBTES. /2, SH0ON
MTIRT VA Y OREIIKT 25 FE 258 LT Q(CD) &
Q(DC) ZXAUL ARV, ZO8E, ERELSAIE 3 ok
Y, S (z,y) = (Q(CC) — Q(DD), Q(CD) + Q(DC))
FOREUT—RIZRETES. M2 TliE, 720 1 REIK
FTARTORTIZH U TERRL AR L, T ORRE LI
HiKE DA (O) TRUZ. 1 IR OEBOMAE HEHFE
URICEZR D20, AKEOERDOMIT 1 IREIKD T % £
MRUTWS. B 2 (RS OBAKHIE 3 DDOHANS
%Y, ThTh (ALLC, ALLC), (ALLD, ALLD), (ALLC,
ALLD) TH%. HKEIOH R (0,1/2) IZ RAND 2’5 %.
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SRALE RS ORISR IE L O (@) TRINTWVD. 11X
%%auﬂ@o,H2®$%EL®QmmyHmDmg1ﬂ
AL TWS. BALEEEIE O & RO fIEE 7L+ ¥ Ot
REFRDEDHIE |an — | MHBFEINTHY, FEOM
TIXAEMNFIZ 0 T, ffh, Hifs, BEEEDDIIONTEN
k%w LRRT. MULEEEIED o = as = 0.8 H2D M
5 (ALLC, ALLC) IZHE$ 2 Z & #FR\T, 1 RGO 434

0.0

Q(CC)—

Q(DD)
0 2: s AL 53 O AT

25 IR O ITEIRIRD A = X AT 2% E 2
52 LIFHLW. 2T, BATWIZED 7T DIKRST, 1 Rk
W2 5 2124 2D WEOH T, b2 WIE O fE R4
2Holt XEMT R 1 R EZ MR L, 20 1 REKO
WEZ A U2, ZOHRNTIE, PIHICHESR Py(C) TH#L,
BEB¥ R (P(C|CC), P(C|CD), P(C|DC), P(C|DD)) (2L 7z
A3D A —D 1 RIS [F L D LR HIZE L 3 5 i b F R
WD SR & /N RS R D & D BRHERE EH 2.

X2 DBRWVEFON (@) 1%, T YRETREEERY
LLUWGE a1 = az = 0.1,0.2,...,0.9 QB2 I E
TN (M1 OER) 2E-o8E & <EMTD 1R
BERLTWS., £/, M 3 I2E6 1 IRERIROEB kR %
a:=oa1 =as OFKELUTRLU. 3 DA RUTEBBHERD
SEYIfE, FEAME a+0.04 ORIZLZBEEEERT. M3 T
I& P(C|CC), P(C|DD) O A% KR L 7=,

E3#%,%ok%&<ﬁ&?élmﬁ%ﬁa:065ﬁﬁ%

YO ED>TWD Zenbhd. lEERFE o < 0.65 O
ITiP«MXDﬂﬁ<,HQDmb>L\#ﬁT a>0.65
DOHIPATIE P(C|CC) »E <, P(C|DD) AM&E\ .

X 3 OfEHR%Z, %R P(C|CC) & P(C|DD) D/8Z Vb,
SRR o ORMICET 2 4 207 2—X 1, 11, 111, IV
IEEMIZOBEUCHHTS., 72— 113 00< a< 0.3
DXENZRIE L, RAND (52 & L&) & HELLU 72 8g A3
Hohd., 72—X 1113 03<a<0.6 DXBIZHIGEL, BT
[l DRFEHY CC TE DD THRYIDHEERDIFDNENE WD
HMOHRNBRDS5EDHS ALLD (WO OTEHEY)Y) ITEWD
WIS & IR T X 5.

Z7x—X I 0.6 <o <065 DXMIZHIEL, BbL%H
IS IE SR 7L 1 YO X D IHER CC » 5By 128
U352, —HTHEZSEYY DD OBAICIZBHFICEC L. &
TS DAREBR BRI IZIZZ D& 5 8 1 RERIZE T
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YIZH U THHT2) 2IEALEIEE ARED. DI

*2  GRALF RS D A AR 2T 2 1 YRR — I I E — R E
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I, RESRMNRILE A B 2 HY) ) N, FEAEEYY 25
LT DG L fRIR T X 5.

BRI, 72— IV IiE a > 0.65 DEFEIZFIEL, @b
HHIKIE TFT (L>2GRL) BIRIZEEBLL 2R 5V 2 Rd
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