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Study on Factors Realizing Indirect Reciprocity Using the Giving Game

Yul SHIMO-0KALT!  DAISUKE IKEDAL?)

Abstract: This paper is devoted to studying factors which realize indirect reciprocity, using the giving
game. In this game, two individuals are randomly selected as a donor and a recipient, and the donor decides
whether he confers a benefit to the recipient, based on his strategy. According to [11], SDISC is the only
strategy, among strategies utilizing the second order information, realizing indirect reciprocity, where an
individual with SDISC puts “Good (G)” only to a recipient who gave to good one in the last turn, and “Bad
(B)” to the others. Even if you chose not to give a bad donor, you are evaluated as bad one by this strategy.
Although Mashima and Takahashi thinks the strategy, called ES, which evaluates such an individual as Good
is natural, they showed that this strategy can not realize indirect reciprocity. So they introduced “selective
play” environment, in which an individual can avoid exchanges with bad ones, and showed that ES can
realize indirect reciprocity under this environment. In this paper, we discuss differences between SDISC and
ES, and showed that ES does not realize indirect reciprocity even in case of selective play environment when
the number of trials is much larger. We further discuss reasons for it, introduce some parameter which makes
ES realize indirect reciprocity, and confirm this realization by computational experiments. Intuitively, this
parameter corresponds to incentives of exchanges.
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Table 1 The action by a recipient and Good/Bad (from the

viewpoint of a donor) decides four types of recipients.

| Good  Bad
Give T1 T2
Not give T3 T4
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HEMIEENL L rotz. 22T, HolERTO Y F v
TIZBNT, BWAL OZERZ [ TE S LS RAHMA
GEIRW TV AR 2EAL, MEEEELSBRITSZ L
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ALL-D kW& D ANIZIESRME 2 DY, ES ¥l Tl Good & FFAf
35728, BT s. 2D, ESHIEEZE X -GEEI
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7= [11]. EOFRESFULET N D& D P OIEHR (3 RO
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IZHEINDG. 2UERDGE, TD4D2DFNENITIT
LU, BV (G) »EW (B) LT 572024 =16@D D
WIEAMFIET 5. TNHIZONWT, HESHFHL %2
fioTWa [10], [11], [12]. S EFE Y 7T —Lx MW,
2 IRIEH % IO 2 BE % 2 TR, ME— SDISC Hl& A3 #E
HEMZHRZLIESZ 2R 0U7% [11]. —/5T, Ohtsuki
5 BlIcksE, ZoRRIE 1 HEARDMITEEA DRV
WTHbO, ThiEEe L7841 SDISC #ilgth, M
HEMIIBN UL 227255 LI nTwz. KX
DFERD I, RITHBELSMNIES S OFRELFHUF L
VIO —LERWT, ZOEMEEBRLEI LIRS,

E 7, BATEEDYVNE WG X SDISC Mg IZ & b [H) 52
HEMNENLT 2 L IEE X, ZOHIEIE T4 (Bad = A
R 72572 N) % Bad EFHETHHDTH Y, TDORIT
BWTE L WHIETH 5. F 7z Takagi [9] ¥ Ohtsuki 5 [3]
D LIS LEbETH, —MacHiz iz 3+ 220
W&, THREEHFANORRMF IR L) 2D TR 42
T 2RAS 25T 5] T MR TWIUERLS, T3
REFEZRFUZAZEH TS LW TFHIEIAERIZTTH
5. 5.7, HERBIZESCEBEbDDLEL L, —BE
Bz 81 2iamiddhE L T, s\ Tl ENE
ZAE LT WAL LT, SDISC ¥l (GBBB) &
DEHEEH U A Bad BAHFICH U TIERMIT A% & o 72 NIE]
HFIZFET 5 GBBG(ES Hilk) 2L TWd 2 FE R 72,
L, oDy Ial—y 3 rTlE, ESHIKETIEILT
U b B A EMIIERAL L o 72 [11].
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A& DU BN TIEFHl % (R 8735 (LAFT O FFAll 2 D
EEFIEMS) CVOHRIIZT D Z LT, M EEED
MBI ERLUEMELND S [6]. FHiiT S L% “PY
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I LT, BRI T L ORMEBATSZ 2T, K
VAT CEMBEEESERENT A e 2R U, &
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Table 2 The number of replicates, among 10 replicates, in

which ES strategy (GBBG) realizes indirect reci-

procity.
b/c | MKaZlnl%  fRfiE ¥ 3 ALL-C  ALL-D
0 0.0259 0.5 0.0 299.5
8 0.7287 239.7 0.3 60.0
10 0.9086 299.3 0.7 0.0
10 0.9086 299.3 0.6 0.1
10 10 0.9089 297.6 2.4 0.0

FEERTI3 ALL-C, ALL-D 12, &4 & 354 3 ¥
D 3OO E T VX LIRILRTHAGEIRER S A
A—b+F5. HoNPULOEARUZITOEEZFF>TWS
CAREL, BRI LI, MEHLRDEREZ LIk
G E RO AL A EE 5. 2O, ZRERER
FEL, TOR%EZ0.0001 £ L7z, Zhzg officbizo
TATW, B HIZ & OMIE 3 5% 2 B L, £ < DR
TONTVWENREINERS. HERNTORMKEREZ, %
DR H 5 RTRIBIOFTEID TRk TH - -EADEH S
LREFET D, BANTIRERN 0T A ETHBRIZ, D
LN CEREREEMEAMIIL TWD 2 W, 5 3 Mg AN
HEREMEZBIEZEE V.

78725 Lk Python Z W CE W=, £3, BifEMER
EUT, RIA=RERUIZUIREET, [10] L DK%
f15. £ 212 ES ¥I& (GBBG) 2T, 10 V7V 7 —
Vg v OMBEEEMEENI R R RT. &AL, I AN,
10 V7V Tr—y 3 VRTOBRYIAE, SRRt
YafE, BRI g (28 3 AR, ALLC, All-D) i3
NBOEAETH S, R [10] T, 30 LTV r—> 3 v
TETLUTWS RIZ, MLy (FlxiE, RifRiay)
I =B LU TWA EIXEXRWVDY, TANED 205
DREILIAIERIE 0, 23, 30, 30, 30 £ > TH Y, BBEELE
fEMIEER 2 LRI EEZTEINWES S,

4. ®HR

4.1 KERHTEHICE TS SDISC il

# 312, SDISC ¥l (GBBB) i2B\\ T 1 A2 1,500 i
1056 ORI BN R E RS, SCHk[10] TIXI A
NEEDY 2 DEfIE, BNZEEDY0 TH Y, THSTIEKILL
TWBEARRLDH, HARWIZES S T RIELEMEL K
VUTWBEEZRB.

Wiz, FAUEHT 1 HROHAITREEZ 5,000 Fl& U785
HDRERELRAITRT. RTOIAMIZBWTARBET &
B, £z, RHEEOMEEML, SDISC KT, Z Dk
TR CIIMBEEEEIRRI LA WEE XS,

ZOHED, BRIERIZEITERT I DREROHERE
EH1LIZRT. ZOMPSSPE LD, BAMER I E,
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% 3 SDISC ¥l (GBBB), 1 ##{k=1,500 17, 7V XA v F
YRGBT O E AL EE (10 V7Y 7 —a v

Table 3 The number of replicates, among 10 replicates, in

which SDISC strategy (GBBB) realizes indirect reci-

procity under random matching environment when

one generation consits of 1,500 trials.

b/c | ERSZEIE  fR#E%E S 3 g ALL-C  ALL-D
10 0.8009 299.4 0.1 0.5
10 0.7838 297.8 2.2 0.0
10  0.8008 299.4 0.6 0.0
10 0.8313 252.9 47.1 0.0
10 10 0.8313 224.7 75.3 0.1

& 4 SDISC M (GBBB), 1 tf=>5,000 ik17, 7V XL~<vF
VR CORBEREMERSIERL (10 L) r— 3 v,
Table 4 The number of replicates, among 10 replicates, in
which SDISC strategy (GBBB) realizes indirect reci-

procity under random matching environment when

one generation consits of 5,000 trials.

b/c | ERSZIEIE  fRfE%E S 3B ALL-C ALL-D
0 0.4909 299.9 0.0 0.1
0 0.3851 299.8 0.2 0.0
0 0.4361 299.9 0.1 0.0
0 0.4839 299.3 0.7 0.0
10 0  0.4400 298.3 1.7 0.0

5000 rounds

0.8t

proportion
o
o

o
=

0.2

0.0 L L L L
[ 1000 2000 3000 4000 5000

round
1 VXL yFrsT1H#A5,000 T80 5, BMEHNR
DT Z & DR
Fig. 1 The changes of provision rates at each trial in the final

generation when one generation is 5,000 trials under

random matching environment.

BAKHNZ 0.7 2 FlE > TW5.

— /T, fFEEDY 5,000 DFETH, ¥y FrITHE
BRI L A 28 L 72541, SDISC ¥l X R A
MERLEES (K5 2HH).

s OFEREZITT, UBETIE 1 HAROKRITEEE
5,000 Al & U THEERZ1TS.

4.2 KZAATERICE T2 ES BEL
ZOHEITI, BEESAEELL DR L 1 RETIE,
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% 5 SDISC iili% (GBBB), 1 1tt{t=>5,000 i1, KT L Ak
W TOREE ARSI (10 V7Y 7 —a i),

Table 5 The number of replicates, among 10 replicates, in

which SDISC strategy (GBBB) realizes indirect reci-

procity under selective play environment when one

generation consits of 5,000 trials.

b/c | BOLIEIEL  fRMEER H 3K ALL-C ALL-D
2 10 0.9499 299.6 0.4 0.0
10 0.9507 296.3 3.7 0.0

10 0.9547 297.6 2.4 0.0

10 0.9490 297.0 3.0 0.0

10 10 0.9557 295.8 4.1 0.1

ES ¥l (GBBG) TH MBHEMA KT 51 [10], [12] Z
L HERNT 5.
INEMFTEEIC, £ITTVFLTyFUIRNICE
WC R B H M 2 a7 & E 72 SDISC Mgy, —E#Rm a2
MHIZBEWT ALL-D IZ X2 #85%2 3 L TL £ - 72 GBBG
I DE N IZDWTH X 5. SDISC ¥il% (GBBB) 1% T4
(Bad IZFEfRHEL 72 N) % Bad & AR LFIAE 2 5 X\ —
73, ES ¥ (GBBG) X Z#1% Good & A7 LFIS%E 5 X
5. ALL-D iZ2TOANICHERM L 3570, Bad 2HF
EXVF VT INRBIIZITIFL R IGEIZ T4 RS,
—F, ALL-Cl3E2TOANIZRL L T5720, T412iFR56
W, ZIZT, B3I LT ESHKEE X ES, 30
DOWRED 5> 5 T4 12720155 DIk ALL-D £ GBBG ® 2D
ThHd. £>T, GBBG MWELFOK, ZIFFD ALL-D
X GBBG ORISR 5. ALL-D ORIZEHE IS M H
EMEDRIIZH U TR AT 1 712, GBBG ORIZSEMILA
VT4 TIHERT B0 T, ESHBEIC L o TR EMED
AL & 72 o 72D %, SDISC #ilg (GBBB) ML 7z &
& LR LT TBad iZX U CHEREIT A% & 572 ALL-DJ
DOREPEATLE>EZ e RERRTHEEZ NS,
Zhzx L, BES [12) IGERW 7L AR 2 EA L,
ES MM CHIBEREMARIL TR Z 2R LD, Z0D
HHIZDOWTIEBTO X 5 IZHIL 72 (p183).
SDISC(GBBB) & GBBG OFTEIIZ#E W % A A
TDIF, [T4HEMWIZ Good 7T L A ¥ —51\\Wix
VIR CIEIRE L 72 N ) DIFETH D Z 2125,
LU, ZOXSHFEEO TV ¥ —Ii%, FEIRK
TUARTIZBWTIEZF L ZBITLALHFELR
WeEZ6Nh5., RERSEMIZETS Bad ®
HRBEVWEWSREBLRELEZ 2 EH o722 L
ThH, EFHWIZ—ADH GOOD & T LA ¥ =7
ELRZWEWSIREIE Y I a2l —vaviibnT
HIFLACELRVWEFHINENSTHS.

DF D, Hold NERK TV RO T T, BRI T4

RIFE A EFHE LR W] EkR72D8, BRI T L A R

o THEZZEZSDIE GBBG BIEDOATH D, ALL-D
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% 6 ES M (GBBG), 1 {tf=5,000 17, v XLxvFro
PP T OREEFENVERZEEL (10 L) 7 — 3 vin),
Table 6 The number of replicates, among 10 replicates, in
which ES strategy (GBBG) realizes indirect reci-
procity under random matching environment when

one generation consits of 5,000 trials.

b/c | ERSZIEIE  fR#E%E S 3 Mg ALL-C ALL-D
0.0207 0.0 0.0 300.0

0.5562 176.8 2.9 120.3

10 0.9134 298.9 1.1 0.0

10 0.9074 298.0 1.9 0.1

10 10 0.9057 296.4 3.5 0.1

% 7 ES Mg (GBBG), 1 1itft=5,000 k17, BT L 1RIT
DORHEEEMEZEE (10 V7Y r— a3 v),

Table 7 The number of replicates, among 10 replicates, in

which ES strategy (GBBG) realizes indirect reci-

procity under selective play environment when one

generation consits of 5,000 trials.

b/c | ERSZIEIE  #RHE%E S 3 ALL-C  ALL-D
0.0252 0.0 0.0 300.0

0.6472 209.8 0.1 90.1

10 0.9506 298.9 1.1 0.0

10 0.9553 297.5 2.5 0.0

10 10 0.9470 298.2 1.8 0.0

FZED XS RN TH > TEIERMIATEIZHS. ER L7
& 512, GBBG 12 & 5 HEMEAFKOFKIZ Bad 12
FEIRMtIT A% ¥ 572 ALL-D DIFAETH B, ERTL A
R T TH Bad ITFERMEITAZ & 572 ALL-D IFFFEL
ZHIZH9 5 GBBG DOFHiIZZE L 57w, Lo T, #EiR
TV RNEZEALTE, ES I (GBBG) IZ & > TR
TENE S HIIEMDES.

INEMEET 572012, 11#H% 500072 LT, 5
VELR Y FUIRBLE BRI T L RO ENT IS
U, ESEiIE A5 3R LTX YV 7 — L2 FE T L.
FERIE, ThTh, R6LRTTHD. FVELIYFV
BT ARER (F6) 1%, SR [10] &R & FkkT, 2
2 N HPMEWGE I HBEEREENARLTH D, UL,
HEIR L AR (R 7)) ICUTERWIFIFE A LT
T, RE0 IR NEBMEVGEIIABRNL L R T WD I &
N5,

4.3 R VeV T1 THITED ES #g

ES ¥il& 12 & 2 I AR O % B 572912, 3 #Hitik
Rzt v v F 0 THEEALZERZT 72, X2
3D, TNFN, FTURLTYyF VIR ERY T L
TIRBUZ BT BHER, 10 L 7Yy — MzB 1 SRS AN
DAL E, ez aZX N, Bt ey 54 THT
PFRTWD, d, M2BX031E, Xk [7]FoT—%
ZHWV, BERLZBOTHA.
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Ob/c=2
b/c=4
Bb/c=6
1 12 1.4

16

=

SEIDlk SRR =R
crMwWaELON®O S
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Fig. 2 The number of replicates in which ES strategy (GBBG)

realizes indirect reciprocity under random matching for

each provision incentive.
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Fig. 3 The number of replicates in which ES strategy (GBBG)

realizes indirect reciprocity under selective play envi-

ronment for each provision incentive.
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5. B8HYIC
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Motz
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AL, R E T AAMALD V155, Bz, SDISC ik
% (GBBB) 1% Bad LiHilid 3 Z &A%<, #19 2Ekd
WSV, RV T« TRHlEZA ey T TR X5
Z & T, ESHE (GBBG) D& 512, Bad IZFERHEH L 72
H D% HEMNITFHIS 2% T R 2XDBEND Z &

MPREZHE.
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