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Due to the increase of single elderly households, living difficulties and lonely death due to
isolation is becoming social issues. The purpose of this research is to clarify the condition for
holding up the local community which is inclusive of elderly people who are at high risk of
social exclusion. We used agent-based simulation to find out the conditions for maintaining a
stable social inclusion.

We believe that the cooperative relationships are formed through social intercourse in the
local community, and such relationships should be the basis for creating social inclusion.

Therefore, we modeled a community that carries out two different kinds of cooperative
games: an interactive game based on direct reciprocity and an inclusive game based on
indirect reciprocity. The results showed that the conditions for realizing social inclusion are:
a) the number of interactive games exceeds the number of inclusive games, and b)  social
learning progresses gradually.

Therefore, we suggested that the establishment of cooperative relations based on direct

reciprocity serves as the basis for creating social inclusion.



Instead of thinking in the direct reciprocal way to get the benefits matched the cost, it can
be said that it is effective to think in the indirect reciprocal way as “someone may see my act
of helping, not only the person whom I helped, so I might be helped someday” and to
recommend taking a “socially (collectivistic)” idea to maintain a community that becomes the
basis for regularizing the relationship that provides such indirect cooperation.

For those who only moved by directly reciprocity, it is important to continue telling stories
that have good results from indirect reciprocity. To tell a story that indirect reciprocity has
good results may also be related to slowly learning as in education, rather than instant
imitation that jumps to immediate profit. It is difficult to change quickly, but in the end, the
imitation probability of everyone may be lowered, leading to the increase in cooperation in

the inclusive community.
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AT, Yab—rvarZHVTaEE ITREINL2HELAET L a1
=T A DD AT = A L EHETT 5. KETIE, 83FOWUBIZEWTEHEERMEERT
b HMBEAE, DIRATHRETED L ITRbNTEZONIOWNWTIRRS. D kT,
AN ED L D 72T N—2 g TR al o =7 0 20 BT, Huko = I
22T AN L THENARI I 2 =T I 0»EHNE LTHRLED. («
MEAEEHIEO I 2=T 4 BEIWVIERIZH LD (HY £ 57RO itk
THNETIE?)

1.2 HE
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) EAR24ERT2SEIZO AISEHE, TOMOEILIE 1 BHRE

B 1.1 ®m#EAQROEEOHE

HREEO ERIC LY BlE 2 X2 2 AR RELTEBY (N, 2016), @l
DOHFTHLILRRANHOEME 2 X252 EBNBfFShTWa. LrL, AZBIT
HIENTERVIEEEZ X A2 EWH Z L1, FIRY 2 s FIcila 2T 5 & v
HZETHDH. ABFZETIE, BV Elg DX 5 ICHERENMEL, o Acx LTk
NEAEST=FHTE LI THTERVWAEZHE L ERTD.

2 < OWNIBRIL, HEZMIZOHEFENPL LTI THEL XD E WS HAD
RORY 2R 5. LovL, hEFEBT onN2WEEEZTLE W) 2 LiE, £OA
DHOBITNIRSTHRD Z EIFHFFCE R, 2O L5 R AEZIT LS EBblwvo
ThHhiVuE, thZZ8T o2V egBERRSND L) REE LI 2Ntz >TL
£5712569. LanL, FEBRIL, &invANR Sfka RNEE 2R84 2 50k LaE
TE DB OEEP RO LN TWD (EATEE, 2000)

E A2 UET D, 77205, FHENOOESED RIRY 2 FITHEFICH T2
7=IlE, MBEAENERTHD. Nowak and Sigmund (1998a) (FFFH O % i



ATHZETHENRMRARBRESY, MELENENRNTELZ L2 L. #Ho0E
THTIE, A A=V 237 &) FRHZ R EIC & - T —7NORB Bk
Al S, FREE S A AEZEA L. £ LT TP AITE 29 huE, M
B O HFIIKRT DFHNA L2 Y, MFELSOMOFE O HITHZRLTH B X
% (=) | & M B ERR ORI L - T, #ITE LI R BT 72
HZEHEVIalb—va il CA LT,

W HE N RS9 % Nowak and Sigmund (1998a) DOAFFE I /1% L7 U
—IA X3 HBREND. —FH, A BERLIEWHEREIH I L2 TH TERVA,
TEE LTCET7 ) =T A4 X —ICRbE D22/ RVWAZIIT o 20BN RESTEH
5. ZDX I RHEE NPT LTES WD Z EIZBI LTI, Nowak and Sigmund
(1998a) OfEHATZT TIIA+STHLEBZLND.

RAFD a2 =7 4 RERZONITEVWREDRIRY Z2FF LW X ANt
DIIFAEL, O ORNLRIRIZET 2 FHIF LR H 5. BRI -/ (2015) 1,
Y= VIR EOTEBN O R ESEDOEMENLRT 231227 4B TE, TD=A
Ra2=T AN TOR A LT, AEMEEROTZDDRSTF) 2179 a2 =7 4 7
AL—=RIIRTELLZ L ZHREL TS, 772205, RAFVaia=T4DLI7R

AENE I 2 =T I FNERY TEXHOTIE L, FENLORWAHKDO 23 =
=T AIRANT, 226N IEVIRFOBIITAWVWTH L AT aIa =T 1~ &
BBERIEDND.

ZOFERFEY, RROAI =T 4 ZEEAENRAI 2T 4 LFEZXDE, £
TOANBBMEANEERNR 2 I 2 =7 s L, MEEERNR ISR Sto L
WO ARTREIND. LrL, 2O X 9 72k~ I Nowak and Sigmund (1998a)
DETMUTHFENTE LT, HEAENRB IS OMSIA =X LEIAATHD.
B L MR EN T T FET 5 E 7L (Gilbert, 2008) TiX, &2 1H 5
TR LT, BORERZE U CEEAENR S — 22T 500, HDWIFEE(E
CCHEREN S — 25T 5005 R EPHEINLTWS. LL, ZOH%



THHDCKHLTEH AL TH L 92, fHEICH LTI I LT ) —F 4 ¥ —%
PRI D EMFEELE > TND,

AL TIE, —DOOH = I 2 =7 4 2%, 2FHOREEZRL Z L2 EL
TWh., ZNUHIEFANRTTELE, RtDaIa=7 4 LB aIa=714Th
L. WD AI2=T 4 &lE, aIa=T 4Ry aia=T 4 7 =RHNAET
DEFER EOBMPN NI W E B E L, #HFICEE LN O LT ND E W)
IR 385y, TNUDRHFFTE D X9 2B AR DEEAE TRV LOMETH 5.

WENR a2 =T 4 &I, Rk b AHEORES WIERY - BRI A2 —T
52252 2HME L, HENPLOFEIT &) RIRY 287 LR K5 e f5
ZLOMETH D, ThbL, tEETHIT TEARWVEEEZIIT DB, BT 20
RIEY #8722 EMTERY. 20X Rala=T (XM EETHRY I L
EZoND.

2 A IR L Tl Nowak and Sigmund (1998a) 23 AL TW25 [FRH]) & HL
DI, DEHWEHIWT 5 EESL T VIR AND. RIFFETIE, 2E2HWVEH
Wrd 2 ELHEA RERE L eSS, MEAENESEEEN O 2FEO S — LR, =—
Ty MREEOF =L EIEICT L —F 5. BEAETIEIZ V=4 X —%Hkr7 5
RET, WFELETIEMOANZITONR2WTgEE 7 ) —TF 4 Z—L L THDRWA,
iz ZMToNDICHEL L TERIIIMT VWL > AZT7 V=T34 4 —L 1L T
W, PEBRT 2 RETHAH. ABFETIE, EEAEOHF T ELHBHILTVD LW
DB MEAEDFIZHMEE LT £< 6V, EHEAEEMNRT —ALTH)EL WL
EWVHZEN, WMELEDF—LATIHMENICHT CLHEXDZ LBk (?2) +5%
TIVEREEE LT,

1.3 #EDER

AWZRIE, MEEZBT 22 ENTERWVWE I REREICREISNDH/EN, 7V —
FTAX =L LTHERRESN DD TIIR<BhiTond X5 2B al =7 1 ME
DNAOERZRTZEZABELTWD. Z0HIT, DA =T 40D RAFY
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A2 =T A NTELHEH] (BRI, /NI, 2015) 12k FEET, ZO2/EOW
N2 AR 2 =7 A DEEICRIET D&M %, ==V = b e N—=R - U Ialb—v
aYEHWTHRN. Thbb, R0 a=7  THHBGRIIER S, £
AP EHELUETLaIa =T 4IRS OHIEROE Y M2 —Y = b E
TIVCRTZEEHME LT,

1.4 HWFROTGIE

AGmCTIIMAETIEE LT, =— Y=k « X=X« EF5 /L (Agent-Based Model,
LUFABM LHET) RO R alb—varzlng.

Sqazzoni (2010) (—ZEXHERICH Y FXA) 1Z, ABM ZLUFDOILHOD X A FIThy
AL TWb. NILtt% (Artificial socisites), fliZE7 /L (Absutractmodels), I RK/L L
> VET /L (Middle-range models), -7 —A~—ZE7 /L (Case-basedmodels), & L T
JEFH Y R 2 L—v 3 > (Applied simulation) T 5. ABFZETH H ABM I, g7
IWNTHD. RET N LI, HEHBIZOWTOHBTT L TH Y HiGOHESE & R
AW ET D, FrEORBRIEN 2 S 5 6 O TRV (IWH, 2017). K= b
—¥ g A%, EERARMIE =X HE ] (BRI, /B, 2015) nbASToe v b A&
FAG R

I HIZ, ABM ZAMDOLEMEELBETE, Hx OFERMIZA O 5872 BSR4

(FEEAEH) ZHEOE > Z&nT&d (&, ®AE 2002) EWOREEFED, THFET
1%, BGOSR HTCEMED T2, RFFOLET R EOHSB Sl THEASN
T3,

KX TIXABM 2V, ZiiiDa I 2a=7 4 LafBHRaa =7 4 NLELT
FRALT D T2 D DRI O TR/ H120, Y Ialb—rva r&fiol.

1.5 B DRERR

5 1ETIE, KwXOLEETH L9598 ORI Dikim a2 el L, A0k
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& HIyZ R~

H2ETIE, Sing o, ala=7 0, EELECHELRR ST 5 e Tk
JeaAaIr L, AWROAEMN T ZH 6NN 5.

3 ETIE, AWIETH S T V2 f ilcHil 4 5.

FAETIE, VYIab—a VOB EBEREEN, filERFHOE v FEiRRT 5.

55 ECIE, BRI 5B LE b, HERHI DI R L BLEMIZE T 2 BER AR
T 5.

%6 ETIE, ULObIEae £ L, AWHIEORHR 2z b~/ BT, ARim3CTHRE L
FIWIZEZ R L, SH%OMBEEZER~S.
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28 ATV E a—

ZDOFETIE, AL L BEET D ATHE 2 WL OO0 EHNTRHRNT 5. £9
(T, EHEAE & WA EICRI T 5 BRI SR A 28, AR O BRER A T BAT U &
T, LT, BORBEICL o TV A HRiEaEohoEnE OB T 5.
IHI, BMDAI2=T LW REEZHEELTNDLI =R LA 2RaIa=T
A Yo DBFEOEFINITE T D, BRI, AROPIETETH HHRBRD
B L 22 AT AOFBL L THEDR TR ARy Iab—va v ito0TER
T2,

2.1 HEARERBEREE

NTZZRERMAIC S D F 5 D TH A 9 0. FMATE) & 1349 EHEN & R 97 o
TDICHBHICATOTAHBEBESENOITE & EF S LD (BarTal, Sharabany,
&Reviv,1982).

FIAATEY O BERE O (et - INHIZEX OfEAZ PO RER L S TE 2 (B, [
A, BE, AL, 117,1994; KY, Rk, #iH,1989). LaaL, REAMN IO L5722
—RIFBFRRBIEZFF > TO 2 OMNIIx L TUIEZ bAvTW i, 1 hietta o
FERRITHESREORERBIO—D2EWNZ DD, N2 A COEKEZFHEATIZHIED
DHFFCERWIH I ZITO 2 EFEMIZITFHA L2720, A2 233 5O BEOFIE %
BT MARSAOT-OICH CEIEZIT ) 2 2@ 2852, ZnE Tnd o
MEINTE . IR S R (EET 5 & S OASBREARIT, (Harx
v N —7, B, EMMEOHE ORI D EEbvTns. (Putnam, 1993)

EWFRINZ 2 A MR D HITEI DL Z #7925 Nowak (2006) O EEmIINIZE
TIEHSIOECDTZDDEHSD AT = AL EP BN Liz. 21613, fxiEk (Kin
selection), HE#EHHEM (direct reciprocity), 2 A EM: (indirect reciprocity), *
v U — 27 HEM (network reciprocity), IR (group selection) D H.-DIZ53%H
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Nowak and Sigmund (1998ab) %, tIOFFHZ a2l LizA A—T R a7
EREINAMEEZBATHZ EI2ED, BFOHE Y Z EBRWVHEFE~O— 1727
ITEIE WD FE 77 —AZBWT, SRR o 720 iR LA F & Habin
K 9 2RI, MR 72 AE O & 372 R T O W S TEI AN RT3 5 "l REME & 7k L7z

XU —LTHE, —EDOANE (100 LFRE) OLHNICEWNT, HHOELF
EZITTERT UHA BRI TXT Y T &N, MO LTEN MRt heT 5
NE D INDERREEIT Y. BITENIZ 2 X 3000, BT 5 LRONITH
DL FRRFIEIC2Y, BMAOZ T FOREBHE X 5. LarL, HI1o¥E LFof
WOFHEETA A=V R TN ERTHZ L2720, HHhLanD L E2RATEA
1A A=Y 2aT7 N FHR%. Nowak and Sigmund (1998ab) 1%, ¥ 77 —AlZ
BWT, IO LFENAGOME ZHWT 52K ELFFD, HBEHFEOA A—T 22
7L ASOHWEEL AT, HRICHATLE0E I DERDD. ZOX A A—
VAaATEZBBTLHZ LI oT, BINREAREROTTEIVBITTH B 20T
K720, ZNEMONZ BT 5 Z & THINREMRBAET L AEERS D Z &
VI alb—ya r ROHEMITIZ XV R LTz,

FROX I — AR A, X0 BERRECHEIR U oL oRrZE (Rt
5 2009) TiX, EHEO FIR Y B22WARBLIZEBWNT, BAOHIBZRTENC LY, R
& LTHERMANTHAEIZB NI L > TWHIRREIZE D X A 7O /1%, M EEN L
NTZ.

AR T—ED 3 A MW, IR % & 72 b 3178 & S TE) & 0
& B TEFEZED AR ORI B W T, M2 TEN T EE R &E 20 (i,
B, AR, SFER, 2009), %< OfEIKCTE OB R BRI A RET S TE -
(Rand and Nowak, 2013). ZOH T, EEEAEITA & MEAEITAOEE I DR
IR STV D, EHEAEITA LI, MESITEIO®RD F&, 20780 RIRY
OXGMNE U _FH COREEMZ$ET (Trivers, 1971). ©F v, WIiL7=6WIL
THEH 25, BUYVELELEYVIRERSNSD, ELITZOREMERHH LV Z L
THD. EBEAFEITANERN T 250 TIE, HTEND ORISR N TSNS
A, FFESAITENIEISH) & 720 5 5. EHEAEICK LT, MEAETS LIE, 178
DODHLF &, ZORBOXIGN R D = FHBEURTCORELEZ T (B, &F 2005b).
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[ LEEOME T "E T IIAD R R ST L N I TIRANCEKBT S5 2 ENTE S,
TR0 L, BIFTHENSHBIINEREIRZR TS, EYIZES THOHMFENE S %
B T<ngd & o (2 % B LR & 5

Leimar and Hammerstein (2001) & Panchanathan and Boyd (2003) (%,
Nowak and Sigmund (1998a, b) OA A—T 27X HfEmA T RHN725
EC UL LW EFE L, MR REMEORNL A FRBIZ T DT A X T
JHkHE (standing HEBE) & O ERRZIRAB L7- (Sugden,1986). A& T (7
Bl &1 TREH ORI T 5 IR 28V TR AR I BRVEKIETH 5.
—J7, KW TIEW I TE WAL B onno T, sEEZTRn
EEEMTH LRI NERITEE LRV EE RS,

—J7, HE - @i (2005b) (XFFHIO RODCHFA~OERIEHEO L2 DN TR &
72 L, FEHIOENHFA~ORME & TR TOIERME VTS & B3 i n

(strict discriminator : LA T SD) DA AEMEZE RIS 5 Eik~7=. SD #
HDN A A=V AT LR DO TR OB ETF~ORML ) 2 HEWTA) L&Ak
TRTHY, ZHCELTIEERLRHFE TH L LR D (IRES, 2009). S 51T,
B - m@fE (2005a) 1%, SD ##i7Z i ¢/ <, RO RBWHEFE~OERE L, FF
HOENEFE~OIERMEE TWWMTH ] AL, FRHIORWHFE~OIER L, FF
HOENHFE~ORMEE THWTH | &7 d ] (extra-standing) (2L > TH A
BYEDRSIAFTRETH D LHER L T 5.

Nowak and Sigmund (1998) (X0 AERIR & W I AR L - T, W/ THE)
DL EE T I 2 b —aillo T L. LaLl, HREMRIZXE 2T
370 <, ANHBIROZEZILZ DB, —HARTORPEEZEX 5 XETHD (lk, 7R
b, %, 2014) LW O ERLHD.

MR EILE (3R 2o TH T 20K L TE X% BIF 72Dy, M#ERET
MELTWDDIFIT2EZ LT ONLEN HEIEDRVWE S RIRRTHS. L
L, AH&EME 7V —TORTIH#EVIRLE D 2 &N —RAT, MEALEORTRZIX
BEORMIZE DN E ZABRH 5. Gilbert (2008) 1% MEANWHOHE-TH,
WIToMEINEHEIRT D L ZICEEAELZRSED, XM ALEEERENEZR
ETD) LimCTWV5.

|
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2.2 EEEOTE

AAFZE CIEmE S 2 £ 9o CAET 20N EHET 27120, 2 EinE o
IMLF T2 DN OWTHATHF R Z BN T 5.

B m i BEHE O BEINC X > T, INTIC & 2 2B 1E R IR AE S S AR & 72 o
TWa. 2O X5 7T, &EE OLEng & O ENREETS (KREVWEGWVWOH
W) X, MEZE 22k VWO BURAZ HFIIICHAET 22 L 2BL T, HinE D
H OIS ZEE L) ETH5Z E2IT TS (KA, 2007 EWIHELALHD.

BIE (2014) 1%, RFETHEHE L TWRWARD 2 2 2 =7 4 OFERIZ OV TR
2. R E DA T2 E ES N —TRILICED £ TO, BN R BRI
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ZHIEIAKRT v 7T LORE

Dl EEEAEIC L D TR —o) &, HEEAETHRY > =2a=7 4 2K%7 0B/ —4).
LW — DT, AR DR A 27 & B E OHIBTHEED SR OB EEIC IS TS m= 2k
&Y, FGERRA AT REDD.

RS — A TIEERIT T o DB ORBEE DZRE L0, R IIREER ITRBEZRD RO
N Dintma, HWEELHIRA 7 NERETS.

B9 2 LRSS T 2 DENR A 37 D3 B3 %, AENO 7 — L0, & ERITERRAIG AR OH T
R 2 R AL 5.

mnm

import numpy as np

import sys

#from sys import stdout

import argparse

#import matplotlib.pyplot as plt

"'ﬁf%ﬁk"

COoOP=1 #7— L1 =L 2 THITH

DEFECT =0 #7—L1THHLRW, EF—AH2Th=0DARHII LR
DEFECT hl1=-1 #%—A2Th=10OA»NHHILEWN

GO=1 #7— 5 1ICEBMT 5

PASS =0 #5— L 11BN

"HIHAE & AT HAL L

num_all = 500 #HeT— o M mE 4

max_step_gamel = 3 #47°— 21 OaF[a%K
max_step_game2 =2  #%7—.A 2 OEF A4
max_gen = 1000 #H-REL 00
SEED =13 #— NE
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beta = 10 #I—AL1IZBMTHaAFDORES

decrease_e =0.5 #77°— 2 1 T playerl 23 9EW /1% A TZIRFIZ, player2 725 H. 5 playerl Of%
BAa7 (e) WA TD

increase_e = 0.5 #/7— 1 T playerl 23 /1 23 ATZHEIZ, player2 75 HL 5 playerl Of%Elk
Z2a7 (e) MHEMNT 5

delta = 0.05 #e 7 delta 38/> LT, k_median |Z37-5<

decrease_payoff unit2 =1 #%—2A 2 T doner 23 /1 &2 3& A 7ZHFZ, doner @ payoff 2335
increase_payoff unit2 =1 #%— . 2 T doner 731} /) %A 7ZHFIZ, recipient @ payoff 234 /19
%)

decrease i=1 #7°— I 2 C doner 23T &R ATEIRRIZ, recipient 705 7.5 doner
OfEEA 2T (1) BT 5

increase_i=1 #/— A 2 T doner 23 /1 & A TZIEIZ, recipient 705 /.5 doner @
RERA 27 (1) AT 5

alpha = 0.8 #AimElO 7 — LD 1@ (1 —alpha) 54RO D
adapt_probability = 0.5 #ifEFE q CkxENRD

k_max=11 #k O#PH k=k min~k max 'k_max [Z&

k min=1

k_median = (k_max+k min)/2 #k O3 EfE

agent_h0_num =0

go_gamel_num_list = [] #5 gen 7 — AL 1IZBIMTDHANEDOY R |k

pass_gamel_num_list =[] #£ gen V' — AL 1LIZBM LW AED Y X b

num_habu_gamel =0 #Hog 77— L 1LIZBIMLTEN, X5 b A

hO_doner_game2 =10 #4°— 2 2 Th 07 doner (272 > 72 A$

h1_doner game2 =0 #4°— 2 2 Th 172 doner (272 > 72 A$

hO_recipient_game2 =0 #7°— 2 2 Th 023 recipient (272 > 72 A%k

h1_recipient_game2 =0 #7°— 2 2 Th 13 recipient (272 > 72 A%k

"W I BEFR A RRER T D ROk

#7— A1

coop_mtx_gamel = np.zeros((num_all,num_all)) #7— L1 T Wl GZmmEE LI
72 9FEL o)

defect_mtx_gamel = np.zeros((num_all,num_all)) #7—2 1T W (RENFELLI 2R
Motz s HDEL VDR T)

#7— 52

coop_mtx_game2 = np.zeros((num_all,num_all)) #7— 52T W

defect_h0_mtx_game2 = np.zeros((num_all,num_all)) #7— 52T h=0 DA FHEWHH
defect_hl_mtx_game2 = np.zeros((num_all,num_all)) #7— 52T h=1 DAN FHEWHH
#AER

coop_mtx_all = np.zeros((num_all,num_all)) #ERO W)

defect_mtx_all = np.zeros((num_all,num_all)) #2kD  FEWHT)

met_mtx_all = np.zeros((hum_all,num_all)) #eltko WHhEIHHSH -F0. o7z
ZEHBEMEI MM

A=1#0.1%*15

memory_gen_num = 2

b=1.5

constant_cost_go_gamel =0.5 #gamel ®Z iz A b, 28R UC—EOHMHE (0512FT56&, 4
FTORD L —H)
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Agent 7 7 A% EFR

mm

class Agent:

def __init_ (self, name, k, h ):
self. name = name

selth=h #55F1E 57 h = 1135

selfk =k #doner MDD — = > ~ 23l 9 5 F i

self.temp_k =k #max_step D& LRIk BT 5D T, £ E TIZ temp_k (Z—
BRHOIZFED D

self.adpt_k =k

self.actually_imitate = 0

self.cost_attend_gamel = self.costfunc) #%7 — 2 1IZBNNT SR

self.payoff=0 #zTA V= bOF|E
self. met_partner_payoff list=[] #H&->7/-=—Y = h® payoff DU X k

#self. maxpayoff_index_list =[] #met_partner_payoff_list O+ T—&F @&\ payoff DT —
YV hOMEEZY A MIANRD
# (R C—%FEW payoff (T A H WD 1E LILRND
T, UARMILTWVD)
#self. maxpayoff index=0 #maxpayoff_index_list ®H )25 1 2D maxpayoff DA E %
i
# (ZOfLEIE met_partner list_gamel TitkIN7-H
Roltm—yx NOfEE—ET D
#self. maxpayoff agent=0 #HE-o/z=—T = hOHT—F payoff NE T —T =
k@ name % Y 9

self. memory_list = np.zeros((memory_gen_num,(max_step_gamel+max_step_game2) ))
Hk ZELTE A=Y= FDU A K

self. memory_list_flatten = [] #memory list # 1 RTiZ L=V A b

self. memory_payoff list =[] HLEk T 2HEIFAN D payoff ® U A

self. minpayoff_index_list =[]  #memory_list ®H T—FK\ payoff D=— = > F DAL
EE U A MIARD
# ([E U—FIEW payoff 1T A WD E LiL7an o
T, UANMILTWD)
self. minpayoff_index=0 #minpayoff_index_list D725 1 D@ minpayoff D{LE % B
%

# (ZONMEIEX memory TrtkShiztHiEo7exo—vV =y
A2 VAT R )
self. minpayoff name=0 #H&S-o7-T2—Y = FOHT—F payoff NMEWVWWT—T = b
EPBRLET

self.partner_e = np.full(num_all, k_median) #xT— = b b R7Z/3— b F—DFEH|
self.partner_e_gen = np.zeros(num_all) # & DAL D e 72O EFEERT DY A b

self.own_e_list_gamel =[] #HHT—T ) MIKT 5D gamel TRHLZZ—Y = b
NEHOFDOT =V bDeZ ) A MNIEDD
self.own_e_list_all =[] # gamel & game2 T
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self.image_score = k_median B —2 2 MDA A= RaT, @F—h2

self.own_go_gamel_num =0 #memory_gen_num [E|OHARDF T, 7 — A 1124T-
Ik

self.own_go_gamel_num_list = np.zeros(memory_gen_num) #memory_gen_num [B]D%
HARUIZBNTH — 5 11T o 72 EHK

self. know_partneri_prob = self.partneri_funcQ #7°—2 2 T FHFD imagescore % %15 fif
FOMEREHET I new!

self.g or p=0 #/7°— 2 1 go or pass
self.c. or d=0 #cooperate or defect

self. met_partner_list_gamel =[] #T=—Y = FRF—AL1TERS7ZADY A b
#imitate_maxpayoff partner ® & Z A CEHBEML D
UARMIRD
self. met_partner name_ list_all =[] B —2 2 MR BHSTRE DO ANLRIO U A
b (kZEEFRBFEFHED)

gy R

"Bl gen B E -T2 B, LLTFO L ORHIHIEIC 25"

def reset(self):
self.actually_imitate = 0
self.payoff = 0
self. met_partner_payoff _list = (]
self. minpayoff index_list =[]
self.minpayoff_index =0
self.minpayoff name =0
self.own_e_list_gamel =[]
self.own_e_list_all =[]
self.g or p=0
self.c_or_d=0
self.met_partner_list_gamel =[]
self. met_partner_name_list_all =[]
self. memory_list_flatten = []
self. memory_payoff list =[]

"o MEN HID  k_median [T & TS
def decay_e( self):
#1143 ® partner_e Y A h ZJEFIZH D
for partner_name in range(0, num_all):
HESMNDLRDIENDODT— 2 bD e X k_median ZAB 2 72038 9 3% Hbr
if self.partner_elpartner name] > k_median:
#HEZT7-5 —delta
self.partner_e[partner_name] -= delta
#delta #5172, k_median KV /NEW0aE S a3k
if self.partner_e[partner_name] < k_median:
#NZWEo72 6, k median 12725 (k_median A FIZ72 5720 K 9 12)
self.partner_e[partner_name] = k_median
elif self.partner_e[partner_name] < k_median:
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#HZ 2Tl ole b, +delta

self.partner_e[partner_name] += delta

#+delta % . k_median Bz 725

if self.partner_e[partner name] > k_median:
#k_median 172 % (k_median LA R 57200 X H12)
self.partner_e[partner_name] = k_median

" =LA LIBT3 AN (=7 =5 LSBT D) 2FE
def costfunc( self ):

#return 1-(1/(k_max+1))*self k

#return 1-(k_max/(k_max**2+1))*self.k

return -(k_max*self k-k_max**2-1) / (k_max**2-k_max+2)

umvb—‘-‘___b\ 1 < Z/%jju»é—é 75\ E‘ 5 75\75',45”[2{;&>mm
def go_or_pass_gamel( self):

ran = np.random.rand()

if( self.cost_attend_gamel >=ran ):
#print(gens, self.name, self.k, "GOPASS: ", self.own_go_gamel_num_list[0],
self.own_go_gamel_num_list[1])
self.g or_p =GO
self.own_go_gamel_num_list[ int(gens % memory_gen_num) ] +=1
#print(" ", self.g or_p, self.own_go_gamel_num_list[0],
self.own_go_gamel_num_list[1])

else:
self.g_or_p = PASS
self. memory_list[ int(gens % memory_gen_num) |[ step_gamel ] =-1

mmbi\__.A 1< § i < l{\of:z))gf‘ 5 z))>nm|
def coop_or_defect_gamel( self, partner ):

global coop_mtx_gamel, defect_mtx_gamel

self. memory_list[ gens % memory_gen_num ][ step_gamel ] = partner.name
#self. memory_list.append(partner)
if( self.k <= self.partner_e[partner.name] ):
self.c_or_d = COOP
#coop_mtx_gamel _IRITEIFIICEIZ+ 1
coop_mtx_gamel[self.namel[partner.name] +=1
else:
self.c or d = DEFECT
defect_mtx_gamell[self.namel[partnername] +=1

K1 S B2 ORT e RS D & T A
def change_e( self, partner_player):

self.partner_e_gen[partner_player.name] = gens
#partner_player.partner_e_gen[self.name] = gens
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for partnernames in range (0, num_all):
if self.partner_e_gen|[partnernames] - gens + 1> memory_gen_num:
self.partner_e[partnernames] = k_median

#m L2 b
if (self.c_or_d == COOP ):
#player_b 75 7.5 player_a D e 25 L35
partner_player.partner_e[ self.name ] += increase_e
#e I k_max [T Z 72K 9T
if ( partner_player.partner_e[ self.name | > k_max ):
partner_player.partner_e[ self name | = k_max
elif (self.c_ or d == DEFECT ):
partner_player.partner_e[ self.name ] -= decrease_e
if ( partner_player.partner_e[ self name | <k_min ):
partner_player.partner_e[ self.name | = k_min

mm— N1 O payoff A fLE®BH LA™
def change_payoff gamel( self, partner_ player):
self.payoff ¥
+= A*(partner_player.partner_e[self.name] - self.k ¥
- beta*constant_cost_go_gamel) #change
beta*self.cost_attend_gamel to a Constant value
#- beta*self.cost_attend_gamel)

"mPE— N2 THFEDOL EH AR LR M
def partneri_func( self ):
#print("OWNGO", self.own_go_gamel_num)
if max_step_gamel !=0:
ownggln = b**(self.own_go_gamel_num)
allggln = b**(max_step_gamel*memory_gen_num)
return ( ownggln-1)/( allggln-1)
else:
return 0.5

" — 5 2< WD) T DD E D DA f >
def coop_or_defect_game2( self, recipient ):
global coop_mtx_game2, defect_h0_mtx_game2, defect_hl_mtx_game2, ¥
hO_doner_game2, hl_doner_game2, hO_recipient_game2, hl_recipient_game2
self. memory_list[ gens % memory_gen_num ][ max_step_gamel + step_game2] =
recipient.name
"FHFEDA A= AT ZHMAHNE D D E "
ran = np.random.rand()
if( self. know_partneri_prob >=ran ):
partner_image_score = recipient.image_score
else:
partner_image_score = k_median
#print("Prob", self. know_partneri_prob, ran, partner_image_score, recipient.image_score)

"W 1T BN E D E I
ifselfh==0:

hO_doner_game2 +=1

if self.k <= partner_image_score :
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self.c_or_d = COOP
coop_mtx_game2[self.name][recipient.name] += 1
elif self.k > recipient.image_score :
self.c_or d = DEFECT
defect_h0_mtx_game2[self.name][recipient.name] += 1
elifself h==1:
hl_doner_game2 +=1
self.c_or_ d =DEFECT_h1l
defect_h1l_mtx_game2[self.name][recipient.name] += 1

if recipient.h == 0:
hO_recipient_game2 +=1
#print(hO_recipient_game2)

elif recipient.h == 1:
hl_recipient_game2 +=1
#print(h1_recipient_game2)

mm— A 2 OHITC image_score AL &S L A
def change_i_payoff game2( self, recipient ):
if (self.c_or_d == COOP ):
#doner & recipient @ payoff % ¥
self.payoff -= decrease_payoff_unit2
recipient.payoff += increase_payoff_unit2
self.image_score += increase_i
if self.image_score > k_max :
self.image_score = k_max
#doner BH I LW EBRALTE && h=0 DFZE
elif (self.c_or_d == DEFECT ):
self.image_score -= decrease_i
if self.image_score < k_min :
self.image_score = k_min

"e Z i \ZAEHAS LM
def calculate_image_score( self ):
#U A bOPHOHEEEZ /T list(set(U A h4))
self.met_partner_list_gamel = list(set( self.met_partner_list_gamel ))
if len( self.met_partner_list_gamel ) > 0:
for met_agent in self.met_partner_list_gamel:
#HHS -T2 —T 2 POBEZIIXT D partner e U A RT v 7
self.own_e_list_gamel.append(met_agent.partner_e[self.name])
HA A —D A a7 ICEHEE
self.image_score = ((1 - alpha)*self.image_score) ¥
+ (alpha/len(self.own_e_list_gamel)*sum(self.own_e_list_gamel))

def create_own_e_list_all(self):
for met_agent in range( 0,num_all ):
if met_mtx_all[self.name][met_agent] != 0:
self.own_e_list_all.append(agent_list[met_agent].partner_elself.name])

nman
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K DAk
DO HFOFROE/ payoff ZFf>——Y = hD k EHIO k ZFFD
2018/08/24
def imitate_minpayoff_partner( self , agent_list):
self. memory_list_flatten = self. memory_list.flatten()
for memo_n in range(0, len(self. memory_list_flatten)):
memo_name = int(self. memory_list_flatten[memo_n])
if memo_name !=0:
memo_p = agent_list[memo_name].payoff
self. memory_payoff_list.append(memo_p)
else:
self. memory_payoff_list.append(0)
"boloZ L HNDHINL—F payoff IRV AZE L HT"

if sum( self. memory_list_flatten ) > 0:

#—FE W payoff D=—V = FONEE VAT v
self. minpayoff_index_list =[y for y, x in enumerate(self. memory_payoff_list)
if x == min(self.memory_payoff list)]
HEEN D000 LRV D T, 19T %57 ¥ LICHD
self. minpayoff_index = np.random.choice(self.minpayoff _index_list)
#—FIK payoff ZFfor-—V = M EEET
self. minpayoff name = self. memory_list_flatten[self. minpayoff index]
#print(self.name, "before: k", self.k, "temp_k", self.temp_k, "adpt_k", self.adpt_k)
"—3% payoff K== = bk ERIUDHSDOEN FEo726, odbo722 & H
HANDK % T HANELT D"
if (agent_list[int(self.minpayoff name)].payoff >= self.payoff ):
self temp_k = agent_list[int(np.random.choice(self. memory_list_flatten))].k
self.actually_imitate = 1
if (agent_list[int(self.minpayoff_name)].payoff >= self.payoff ):
self.adpt_k = agent_list[int(np.random.choice(self.memory_list_flatten))].k
self.actually_imitate = 1
if self.adpt_k > self.k:
self.temp_k +=1
if self.temp_k > k_max:
self.temp_k = k_max
elif self.adpt_k < self k:
self.temp_k -=1
if self.temp_k < k_min:
self.temp_k = k_min
#print(self.name, "after: k", self.k, "temp_k", self.temp_k, "adpt_k", self.adpt_k)

nmn

Ut b

def reset_lastgen(agent_list):
#agent = U &> b9 5
for agent in agent_list:
agent.reset()
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def reset_observer():
#O o —VEKEL L Ju—2L) A REbEY Ry b5
global coop_mtx_gamel, defect_mtx_gamel, ¥
coop_mtx_game2, defect_hO_mtx_game2, defect_h1l_mtx_game2, ¥
coop_mtx_all, defect_mtx_all, met_mtx_all,¥
go_gamel_num_list, pass_gamel_num_list, ¥
num_habu_gamel, hO_doner_game2, hl_doner_game2, ¥
hO_recipient_game2, h1l_recipient_game2

#ELY =2 02Uy 9% (httpsi/note.nkmk.me/python-numpy-zeros-ones-full/)
coop_mtx_gamel = np.zeros((num_all,num_all))
defect_mtx_gamel = np.zeros((num_all,num_all))
coop_mtx_game2 = np.zeros((num_all,num_all))
defect_h0_mtx_game2 = np.zeros((num_all,num_all))
defect_h1l_mtx_game2 = np.zeros((num_all,num_all))
coop_mtx_all = np.zeros((num_all,num_all))
defect_mtx_all = np.zeros((num_all,num_all))
met_mtx_all = np.zeros((num_all,num_all))

go_gamel _num_list =]

pass_gamel num_list =[]

num_habu_gamel =0

hO_doner_game2 =0

hl_doner_game2 =0

hO_recipient_game2 =0

h1_recipient_game2 =0

mnm

gamel

nmn

def gamel( agent_list ):
global go_gamel_num_list, pass_gamel_num_list

agent_list_go_gamel =[]
num_agent_go_gamel =0
agent_list_pass_gamel =[]
num_agent_pass_gamel =0

e A 1Bt A== hEY AT v
for agent in agent_list:
# Snond, e’ LTS
agent.decay_e()
#7— K 1LIATLS I E I D ERD D
agent.go_or_pass_gamel()
if agent.g_or_p == GO:
agent_list_go_gamel.append(agent)
else:
agent_list_pass_gamel.append(agent)

num_agent_go_gamel = len(agent_list_go_gamel)
go_gamel_num_list.append(num_agent_go_gamel)
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num_agent_pass_gamel = len(agent_list_pass_game1)
pass_game 1_num_list.append(num_agent_pass_game 1)

#
# playerl & player2 %7 X LT Y T
# BN OORVIEE LT, ZREhD Y X b EZITIRD
#
if( num_agent_go_gamel > 0):

list_playerl_gamel =[]

list_player2_gamel =[]

num_playerl_gamel, list_playerl_gamel, list_player2_gamel ¥

= paring_gamel( agent_list_go_gamel, num_agent_go_gamel )

for player_i in range( num_playerl_gamel ):
"playerl #H & player2 ¥ Ei 1 D&Y HF™"
cur_playerl = list_playerl_gamel[player_il
cur_player2 = list_player2_gamel[player_il
"M o7 —Y = b % met_partner_list_gamel |ZFCEKT 5"
cur_playerl.met_partner_ list_gamel.append( cur_player2 )
cur_player2.met_partner_list_gamel.append( cur_playerl )

"payoff DZAL"
cur_playerl.change payoff gamel(cur_player2)
cur_player2.change_payoff gamel(cur_playerl)

"COOP & DEFECT D34, BRI
cur_playerl.coop_or_defect_gamel( cur_player2)
cur_player2.coop_or_defect_gamel( cur_playerl )

" e 0) % ,f Kn
cur_playerl.change_e( cur_player2 )
cur_player2.change_e( cur_playerl )

VA A A A |

def paring gamel(agent_list_go_gamel, num_agent_go_gamel ):
global num_habu_gamel

#2 THl> T num_playerl_gamel |2, 5% Y % num_player2_gamel (27 %

##num_agent_go_gamel 23748 CH . int(hum_agent_go_gamel/2) L7= 5.
num_playerl_gamel MEHIZ/2 5

num_playerl_gamel = int(hum_agent_go_gamel/2)

#7— A LIZBMLTZT &, FORITSE LI ADE

num_habu_gamel += num_agent_go_gamel%2

HEM R BRE T X XTI L 2425317 % <choice-7 > & AZHhit Ged U A~ i
L, HEEEL) >

list_all_gamel = np.random.choice( agent_list_go_gamel, num_agent_go_gamel,
replace=False )

#0 7»5 num_playerl_gamel fl £ Tl playerl i

list_playerl_gamel = list_all_gamel[0:num_playerl_gamel]
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#Z DI OEUT player2 i

list_player2_gamel = list_all_gamel[num_playerl_gamel:num_playerl_gamel*2]

#ENTNZRVELE LTRY

return num_playerl_gamel, list_playerl_gamel, list_player2_gamel

mnm

=51 OBMEEEER L, 1 2R B

mnm

def update_gamel_gopass( agent_list ):

for agent in agent_list:
agent.own_go_gamel_num = sum(agent.own_go_game1_num_list)
agent.know_partneri_prob = agent.partneri_func()
#print(gens, agent.name, "UPDATE_GOPASS ", agent.own_go_gamel_num,
agent.own_go_gamel_num_list[0], agent.own_go_gamel_num_list[1], agent.know_partneri_prob)
agent.own_go_gamel num_list[ (gens+1) % memory_gen_num ] = 0 #8ijDO AL DS INE %K
Uty b
#print(gens, agent.name, "UPDATE_GOPASS ", agent.own_go_gamel_num,
agent.own_go_gamel_num_list[0], agent.own_go_gamel_num_list[1], agent.know_partneri_prob)

mnm

F—AL1DerF—Ah2DiIZEHT5H

mnm

def transform_e_to_i( agent_list ):
for agent in agent_list:
if( len(agent.met_partner_list_game1) >0 ):
agent.calculate_image_score()

nmn

game2

nmn

def game2( agent_list ):
#
# doner & recipient & 7 > F LT U T
# BABNPOORVMEE LT, TNFNDOU A N E2ZITID
#
list_doner_game?2 = [
list_recipient_game2 =[]
num_doner_game?2, list_doner_game2, list_recipient_game2 = paring game2( agent_list )

for player_i in range( num_doner_game2 ):
"""doner #fl & recipient #LFNFI 1 D>EE Y Hm
cur_doner = list_doner_game2[player_il
cur_recipient = list_recipient_game2[player_il
""COOP & DEFECT O34, HARMjIZ™
cur_doner.coop_or_defect_game2( cur_recipient )
cur_doner.change_i_payoff_game2(cur_recipient)
cur_doner.change_e( cur_recipient )
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RXTVT T2

def paring_game2( agent_list ):
#num_all ®f24375 doner }-457 7" recipient
num_doner_game2 = int(num_all/2)
HEER S BRE T X NI L 2825317 %5 <choice-7 & A2ty Geo U X b, fhiH
L8, HEEEL) >
list_all_game2 = np.random.choice( agent_list, num_all, replace=False )
#0 72> 5 num_playerl {fl & Tl doner fi
list_doner_game2 = list_all_game2[0:num_doner_game2]
#HZ D%V OFUT recipient Fi
list_recipient_game2 = list_all_game2[num_doner game2:num_alll
HENENEZRVMEE LTRT

return num_doner_game2, list_doner_game2, list_recipient_game2

mnm

distribute_payoff_e_i_k #20181024

mnm

def calculate_p_e_i_k(agent_list):
k_list =[]
#count_k_list =[]
frequency_k_list =[]
payoff list = [I
ave_payoff =0
max_payoff = 0
min_payoff = 0
e_list =[]
ave_e = k_median
max_e = k_median
min_e =k _median
i_list =]
ave_1 =k _median
max_1=k_median
min_i =k_median
num_go_gamel =0
num_pass_gamel =0
#count_adapted_k =0

for agent in agent_list:
"own_e list_all #£EE"
agent.create_own_e_list_all(
"payoff |ZB9 5 A"
payoff_list.append(agent.payoff)
"e [CBAT D RTE"

if sum(agent.own_e_list_all) > 0:
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e_list.append(sum(agent.own_e_list_all)/len(agent.own_e_list_all))
"LICBET B EE"
i_list.append(agent.image_score)
nk @%ﬁ"
k_list.append(agent.k)

#'e IZBIT B EHE"
if len(e_list) > 0:
ave_e = sum(e_list)/len(e_list)
max_e = max(e_list)
min_e = min(e_list)
#payoff [ZBI3 235
ave_payoff = sum(payoff_list)/num_all
max_payoff = max(payoff_list)
min_payoff = min(payoff_list)
#'1 1B 2R
ave_i = sum(i_list)/num_all
max_i= max(_list)
min_i=min(_list)
#'k OLAR"
for ks in range( k_min, k_max+1 ):
frequency_k_list.append( k_list.count(ks)/num_all )
#I— AL 1ICBINT 5 & LR ADE
num_go_gamel = sum(go_gamel num_list)
num_pass_gamel = sum(pass_gamel num_list)

return ave_payoff, max_payoff, min_payoff, ¥
ave_e, max_e, min_e, ¥
ave_1, max_i, min_i, ¥
frequency_k_list, ¥
num_go_gamel, num_pass_gamel

nmn

ZRTTECHN DD rate BZEH TS

nmn

def allmtx(agent_list):
global coop_mtx_all, defect_mtx_all, met_mtx_all
" b U AITEERT D"
coop_mtx_all = coop_mtx_gamel + coop_mtx_game2
defect_mtx_all = defect_mtx_gamel + defect_hO_mtx_game2 + defect_hl_mtx_game2
met_mtx_all = coop_mtx_all + defect_mtx_all
coop_count_all = np.sum(coop_mtx_all)
defect_count_all = np.sum(defect_mtx_all)
met_count_all = np.sum(met_mtx_all)

return coop_count_all, defect_count_all, met_count_all

def rate_gamel(agent_list):
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if max_step_gamel !=0:
num_gamesl = max_step_gamel*num_all
pass_rate_gamel = sum(pass_gamel_num_list)/num_gamesl

#
#47°— 2. 1@ COOP & DEFECT 0¥tk L— N2 EHET 5
#

coop_count_gamel = np.sum(coop_mtx_gamel)
coop_rate_gamel = coop_count_gamel/num_gamesl
defect_count_gamel = np.sum(defect_mtx_gamel)
defect_rate_gamel = defect_count_gamel/num_games1

#
# gamel @ cooper, defecter, cooper, dectee D + %
#

#1/)3 % N-cooper & 1)) S417- A—coopee @ rate ZatH 3%
cooper_h0_gamel =0

cooper_h1l_gamel =0

defecter_h0_gamel =0

defecter_h1l_gamel =0

coopee_h0_gamel =0
coopee_hl_gamel =0
defectee_h0_gamel =0
defectee_h1l_gamel =0

for agent_name in range(num_all) :
# Cooper, Defcter
if (sum(coop_mtx_gamellagent_name, :]) !=0) :
if (agent_listlagent_name].h == 0):
cooper_h0_gamel += sum(coop_mtx_gamel[agent_name, :])
elif (agent_list[agent_name].h == 1):
cooper_h1_gamel += sum(coop_mtx_gamel[agent_name, :])
if (sum(defect_mtx_gamellagent_name, :]) !=0):
if (agent_listlagent_name].h == 0):
defecter_h0_gamel += sum(defect_mtx_gamel[agent_name, :])
elif (agent_listlagent_name].h == 1):
defecter_h1_gamel += sum(defect_mtx_gamellagent_name, :])

# Coopee, Defctee
if (sum(coop_mtx_gamell[:, agent_name]) !=0) :
if (agent_listlagent_name].h == 0):
coopee_h0_gamel += sum(coop_mtx_gamel[i, agent_name])
elif (agent_list[agent_name].h == 1):
coopee_h1_gamel += sum(coop_mtx_gamel[i, agent_name])
if (sum(defect_mtx_gamell[:, agent_name]) != 0):
if (agent_list[agent_name].h == 0):
defectee_h0_gamel += sum(defect_mtx_gamell:, agent_name])
elif (agent_listlagent_name].h == 1):
defectee_h1_gamel += sum(defect_mtx_gamell:, agent_name])
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cooper_hOQ_rate_gamel = cooper_h0_gamel/num_gamesl
cooper_h1_rate_gamel = cooper_hl_gamel/num_gamesl
defecter_hO_rate_gamel = defecter_h0_gamel/num_gamesl
defecter_h1_rate_gamel = defecter_hl_gamel/num_gamesl

coopee_h0_rate_gamel = coopee_h0_gamel/num_games]1
coopee_h1_rate_gamel = coopee_hl_gamel/num_gamesl
defectee_hO_rate_gamel = defectee_h0_gamel/num_gamesl
defectee_h1_rate_gamel = defectee_h1l_gamel/num_gamesl

return pass_rate_gamel, coop_rate_gamel, defect_rate_gamel, ¥
cooper_hO_rate_gamel, cooper_h1l_rate_gamel, defecter_hO_rate_gamel,
defecter_h1_rate_gamel,¥
coopee_h0_rate_gamel, coopee_hl_rate_gamel, defectee_hO_rate_gamel,
defectee_h1_rate_gamel

else:
pass_rate_gamel=0
coop_rate_gamel=0
defect_rate_gamel=0
cooper_hOQ_rate_gamel=0
cooper_h1_rate_gamel=0
defecter_hO_rate_gamel=0
defecter_h1_rate_gamel=0
coopee_h0_rate_gamel=0
coopee_h1_rate_gamel=0
defectee_hO_rate_gamel=0
defectee_h1_rate_gamel=0

return pass_rate_gamel, coop_rate_gamel, defect_rate_gamel, ¥
cooper_hO_rate_gamel, cooper_h1l_rate_gamel, defecter_hO_rate_gamel,
defecter_h1_rate_gamel,¥
coopee_h0_rate_gamel, coopee_hl_rate_gamel, defectee_hO_rate_gamel,
defectee_h1_rate_gamel
#YIINI nman
def rate_game2(agent_list):
if max_step_game2 !=0:
#
#/7—2 1 ® COOP & DEFECT 0¥t L — h&3E T2
#
coop_count_game2 = np.sum(coop_mtx_game2)
coop_rate_game2 = coop_count_game2/h0_doner_game2
defect_h0_count_game2 = np.sum(defect_h0_mtx_game2)
defect_hO_rate_game2 = defect_h0O_count_game2/h0_doner_game2
defect_h1_count_game2 = np.sum(defect_hl_mtx_game2)
defect_h1_rate_game2 = defect_h1_count_game2/h0_doner_game2
#
# game2 @ cooper, defecter, cooper, dectee D + H
#
cooper_h0_game2 =0
cooper_h1l_game2 =10
defecter_h0_game2 =0
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defecter_h1_game2 =0

coopee_h0_game2 = 0
coopee_h1l_game2 =0
defectee_h0O_byh0_game2 =0
defectee_h1_byh0_game2 =0
defectee_hO_byhl_game2 =0
defectee_h1_byhl_game2 =0

for agent_name in range(num_all) :
# Cooper, Defecter
if (sum(coop_mtx_game2[agent_name, :]) !=0) :
if (agent_listlagent_name].h == 0):
cooper_h0_game2 += sum(coop_mtx_gameZ[agent_name, D
elif (agent_list[agent_namel.h == 1):
cooper_h1_game2 += sum(coop_mtx_game2[agent_name, :])
if (sum(defect_hO_mtx_game2[agent_name, :]) != 0):
defecter_h0_game2 += sum(defect_h0_mtx_game2[agent_name, :])
if (sum(defect_h1_mtx_game2[:, agent_name]) != 0):
defecter_hl_game2 += sum(defect_h1l_mtx_game2[agent_name, :])

# Coopee, Defectee
if (sum(coop_mtx_game2[:, agent_name]) !=0) :
if (agent_listlagent_name].h == 0):
coopee_h0_game2 += sum(coop_mtx_game2[:, agent_name])
elif (agent_list[agent_namel].h == 1):
coopee_hl_game2 += sum(coop_mtx_game2[:, agent_name])
if (sum(defect_hO_mtx_game?2[:, agent_name]) != 0):
if (agent_listlagent_name].h == 0):
defectee_h0_byh0_game2 += sum(defect_hO_mtx_game?2[:, agent_name])
elif (agent_list[agent_name].h == 1):
defectee_h1_byh0_game2 += sum(defect_hO_mtx_game?2[:, agent_name])
if (sum(defect_h1_mtx_game2[:, agent_name]) != 0):
if (agent_listlagent_name].h == 0):
defectee_h0_byh1_game2 += sum(defect_h1_mtx_game2[:, agent_name])
elif (agent_list[agent_name].h == 1):
defectee_h1 _byhl game2 += sum(defect_hl_mtx_game?2[:, agent_name])

num_games2 = max_step_game2*num_all/2

cooper_hO0_rate_game2_parall = cooper_h0_game2/num_games2

#if hO_doner_game2 !=0:

cooper_hO0_rate_game2 = cooper_h0_game2/h0_doner_game2
defecter_h0_rate_game2 = defecter_h0_game2/h0_doner_game2

#else:

# cooper_hOQ_rate_game2 =0

# defecter_h0_rate_game2 =0

#if h1_recipient_game2 != 0:

coopee_h1_rate_game2 = coopee_h1l_game2/h1_recipient_game2
defectee_h1_byhO_rate_game2 = defectee_hO_byh0_game2/h1_recipient_game2
defectee_h1_byhl_rate_game2 = defectee_h1_byhl_game2/h1_recipient_game2
#else:
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# coopee_h1_rate_game2 =0
# defectee_h1_byhO_rate_game2 =0
# defectee_h1_byhl_rate_game2 =10

cooper_h1_rate_game2_parall = cooper_hl_game2/num_games2
cooper_h1_rate_game2 = cooper_hl_game2/hl_doner_game2

defecter_hO_rate_game2_parall = defecter_h0_game2/num_games2

defecter_h1_rate_game2_parall = defecter_hl_game2/num_games2
defecter_h1_rate_game2 = defecter_h1_game2/h1_doner_game2

coopee_h0_rate_game2_parall = coopee_h0_game2/num_games2
coopee_h0_rate_game2 = coopee_h0_game2/h0_recipient_game2
coopee_h1_rate_game2_parall = coopee_hl_game2/num_games2

defectee_h0_byhO_rate_game2_parall = defectee_h0_byh0O_game2/num_games2
defectee_hO_byhO_rate_game2 = defectee_h0_byh0_game2/h0_recipient_game2
defectee_h1_byhO_rate_game2_parall = defectee_h1_byh0O_game2/mnum_games2

defectee_hO_byh1l_rate_game2_parall = defectee_hO_byhl_game2/mnum_games2
defectee_hO_byh1l_rate_game2 = defectee_h0_byhl_game2/h0_recipient_game2
defectee_h1_byhl_rate_game2_parall = defectee_h1_byhl_game2/mnum_games2

return coop_rate_game2, defect_hO_rate_game2, defect_h1l_rate_game2, ¥
cooper_hO_rate_game2_parall, cooper_hO_rate_game2,
cooper_h1_rate_game2_parall, cooper_hl_rate_game2, ¥
defecter_hO_rate_game2_parall, defecter_h0_rate_game2,
defecter_h1_rate_game2_parall, defecter_h1l_rate_game2, ¥
coopee_hO_rate_game2_parall, coopee_h0Q_rate_game2,
coopee_h1_rate_game2_parall, coopee_hl_rate_game2, ¥
defectee_hO_byhO_rate_game2_parall, defectee_h0_byhO_rate_game2, ¥
defectee_h1_byhO_rate_game2_parall, defectee_hl_byhO_rate_game2, ¥
defectee_hO_byh1l_rate_game2_parall, defectee_hO_byhl_rate_game2, ¥
defectee_h1_byhl_rate_game2_parall, defectee_hl_byhl_rate_game2
else:
coop_rate_game2=0
defect_hO_rate_game2=0
defect_h1_rate_game2=0
cooper_hOQ_rate_game2_parall=0
cooper_hOQ_rate_game2=0
cooper_h1_rate_game2_parall=0
cooper_h1_rate_game2=0
defecter_h0_rate_game2_parall=0
defecter_h0_rate_game2=0
defecter_h1_rate_game2_parall=0
defecter_h1_rate_game2=0
coopee_h0_rate_game2_parall=0
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coopee_h0_rate_game2=0
coopee_h1_rate_game2_parall=0
coopee_h1_rate_game2=0
defectee_hO_byhO_rate_game2_parall=0
defectee_hO_byhO_rate_game2=0
defectee_h1_byhO_rate_game2_parall=0
defectee_h1_byhO_rate_game2=0
defectee_hO_byh1l_rate_game2_parall=0
defectee_hO_byh1_rate_game2=0
defectee_h1_byhl_rate_game2_parall=0
defectee_h1_byhl_rate_game2=0

return coop_rate_game2, defect_hO_rate_game2, defect_h1l_rate_game2, ¥
cooper_hO_rate_game2_parall, cooper_hO_rate_game2,
cooper_h1l_rate_game2_parall, cooper_hl_rate_game2, ¥
defecter_hO_rate_game2_parall, defecter_hO_rate_game2,
defecter_h1_rate_game2_parall, defecter_h1_rate_game2, ¥
coopee_h0_rate_game2_parall, coopee_hO_rate_game2,
coopee_h1_rate_game2_parall, coopee_hl_rate_game2, ¥
defectee_hO_byhO_rate_game2_parall, defectee_h0_byhO_rate_game2, ¥
defectee_h1_byhO_rate_game2_parall, defectee_hl_byhO_rate_game2, ¥
defectee_hO_byh1l_rate_game2_parall, defectee_h0_byhl_rate_game2, ¥
defectee_h1_byhl_rate_game2_parall, defectee_hl_byhl_rate_game2

mnm

k OFsfk

mnm

def adaptation_k_gamelcost(agent_list):
"oltZ bbhHT—T = FOHIZ payoff B—FEHWAD Kk ZFERDH"
for agent in agent_list:

#adapt_probability D#ER Tk i TX 5
p = np.random.rand()
if p <= adapt_probability:
agent.imitate_minpayoff partner(agent_list)
#k AR 5
if agent.actually_imitate == 1:
agent.k = agent.temp_k
HT—T = N — A 1ICBINT DR
agent.cost_attend_gamel = agent.costfunc(

nmn

WL

mnm

"agent_list O T agent % num_all E#IHAERKT 25  Agent(name k h)"
def initalize(num_all):

global agent_h0_num

agent_list = [

for name in range( num_all ):
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# Agent(ID, k, h)
agent_list.append(Agent(name, np.random.randint(k_min,k_max+1),
np.random.randint(0,2)))

#h=0D\NExHx 5
for agent in agent_list:
if agent.h == 0:
agent_hO_num +=1
#print("agent_h0_num", agent_h0_num)

return agent_list

a<r R74 515
20181009

mnm

def analyze_options():
parser = argparse.ArgumentParser( description='game')

parser.add_argument(-SEED', required=True, type=int,
help="parameter SEED")

parser.add_argument(-beta’, required=True, type=float,
help="parameter beta")

parser.add_argument(-o', '-fo', dest="fo', #nargs=1,
type=argparse.FileType('w'), default=sys.stdout,
help="The output file [Standard out]")
# For using FileType, the option "narps" should not be diven
#in order to avoid that an argment is stored as a list

parser.add_argument(-o00', '-foo', dest="foo', #nargs=1,
type=argparse.FileType('w"), default=sys.stdout,
help="The output file [Standard out]")
# For using FileType, the option "narps" should not be diven
# 1in order to avoid that an argment is stored as a list

nmn

args = parser.parse_args() # parse command line argments

return args

mnm

main part

mnm

1 '

if _name_ =='_main_"

MY e ﬁ"f_‘ﬁzﬁﬁ-%ﬁ _________________________________________ nm

nman

NI A—BDEMEF = v 7
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nmn

args = analyze_options()

args.fo.write("#D gamel&game2&adapt_k ¥n")
beta = args.beta

SEED = args.SEED

np.random.seed(SEED)

args.fo.write("#P num_all=%d agent_h0_num=%d max_step_gamel=%d
max_step_game2=%d max_gen=%d SEED=%d ¥
beta=%.2f delta=%.2f decrease_1=%.1f increase_1i=%.1f ¥
decrease_payoff_unit1=%.1f increase_payoff_unit1=%.1f decrease_e=%.1f increase_e=%.1f ¥
k max=%d k_min=%d k_median=%d ¥
alpha=%.2f adapt_probability=%.1f¥n" ¥
%(num_all, agent_h0_num, max_step_gamel, max_step_game2, max_gen, SEED, ¥
beta, delta, decrease_e, increase_e, ¥
decrease_payoff_unit2, increase_payoff_unit2, decrease_i, increase_i, ¥
k_min, k_max, k_median, ¥
alpha, adapt_probability ))

args.fo.write("#L gen, ¥

ave_payoff ;max_payoff, min_payoff, ¥

ave_e, max_e, min_e, ¥

ave_1, max_i, min_i, ¥

num_go_gamel, num_pass_gamel, ¥

frequency_k_list(1,k_max), ¥

coop_rate_gamel, defect_rate_gamel, pass_rate_gamel, ¥

cooper_hOQ_rate_gamel, cooper_hl_rate_gamel, defecter_hO_rate_gamel,
defecter_h1_rate_gamel, ¥

coopee_h0_rate_gamel, coopee_hl_rate_gamel, defectee_hO_rate_gamel,
defectee_h1l_rate_gamel, ¥

coop_rate_game2, defect_hO_rate_game2, defect_h1_rate_game2¥

cooper_hOQ_rate_game2_parall, cooper_h0Q_rate_game2, cooper_h1l_rate_game2_parall,
cooper_hl_rate_game2, ¥

defecter_hO_rate_game2_parall, defecter_hO_rate_game2, defecter_h1_rate_game2_parall,
defecter_h1_rate_game2, ¥

coopee_hO_rate_game2_parall, coopee_h0_rate_game2, coopee_h1l_rate_game2_parall,
coopee_hl_rate_game2, ¥

defectee_h0_byhO_rate_game2_parall, defectee_hO_byhO_rate_game2, ¥

defectee_h1_byhO_rate_game2_parall, defectee_hl_byhO_rate_game2, ¥

defectee_hO_byh1l_rate_game2_parall, defectee_hO_byhl_rate_game2, ¥

defectee_h1 byh1l rate_game2_parall, defectee_hl_byhl_rate_game2 ¥n")

nmn

args.foo.write("#P num_all=%d agent_h0_num=%d max_step_gamel=%d
max_step_game2=%d max_gen=%d SEED=%d ¥
beta=%.2f delta=%.2f decrease_i=%.1f increase_1=%.1f ¥
decrease_payoff_unit1=%.1f increase_payoff_unit1=%.1f decrease_e=%.1f increase_e=%.1f ¥
k_max=%d k_min=%d k_median=%d ¥
alpha=%.2f adapt_probability=%.1f¥n" ¥
%(num_all, agent_h0_num, max_step_gamel, max_step_game2, max_gen, SEED, ¥
beta, delta, decrease_e, increase_e, ¥
decrease_payoff_unit2, increase_payoff_unit2, decrease_i, increase_i, ¥
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k_min, k_max, k_median, ¥
alpha, adapt_probability ))

args.foo.write("#L coop_mtx_all coop_mtx_gamel coop_mtx_game2 defect_mtx_all
defect_mtx_gamel defect_h0_mtx_game2 defect_hl_mtx_game2 met_mtx_all ¥n")

M e e ccece——— e ——————————— )< /r :/ _________________________________________ nmm

"""agent_list %%}J/ﬂ\ﬁ ﬁ:‘:ﬁi‘j‘émm

agent_list = initalize(num_all)

for gens in range(max_gen):
#print("==== GEN:", gens, "====")
nmm U t y ]\ nmm
reset_lastgen(agent,_list)
reset_observer()

lHlllGAMElHHH
for step_gamel in range( max_step_gamel ):
#print("===== GAME1 STEP:", step, "=====")

gamel( agent_list )

nungamel @ij}ﬂ@;&%%%"‘"""
update_gamel_gopass( agent_list )
mme ;% 1 &:%jﬁj—émm

transform_e_to_i(agent_list)

""”GAME2"""
for step_game2 in range( max_step_game2 ):
#print("===== GAME2 STEP:", step, "=====")

game2( agent_list )

""mtx TEIRD coop, defect, met Z%rz ™"

coop_count_all, defect_count_all, met_count_all¥
= allmtx( agent_list )

#print(met_mtx_all)

"I payoffied DT, KA, S MLk 054
ave_payoff, max_payoff, min_payoff, ave_e, max_e, min_e, ¥
ave_i, max_i, min_i, frequency_k_list, ¥
num_go_gamel, num_pass_gamel ¥
= calculate_p_e_i_k(agent_list)

nuubi%_b\ 1 0) rate % mtX 75)%§+%—§«6mm

pass_rate_gamel, coop_rate_gamel, defect_rate_gamel, ¥
cooper_hO_rate_gamel, cooper_h1_rate_gamel, defecter_hO_rate_gamel,
defecter_h1_rate_gamel, ¥
coopee_h0_rate_gamel, coopee_h1_rate_gamel, defectee_hO_rate_gamel,
defectee_h1_rate_gamel ¥
=rate_gamel(agent_list)
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e A— A 2 D rate & mtx 22 HEHE S LM
coop_rate_game2, defect_hO_rate_game2, defect_h1l_rate_game2, ¥
cooper_hO_rate_game2_parall, cooper_hO_rate_game2, cooper_h1_rate_game2_parall,
cooper_h1l_rate_game2, ¥
defecter_hO_rate_game2_parall, defecter_hO_rate_game2,
defecter_h1_rate_game2_parall, defecter_h1_rate_game2, ¥
coopee_h0_rate_game2_parall, coopee_hO_rate_game2, coopee_h1l_rate_game2_parall,
coopee_h1l_rate_game2, ¥
defectee_hO_byhO_rate_game2_parall, defectee_hO_byhO_rate_game2, ¥
defectee_h1_byhO_rate_game2_parall, defectee_hl_byhO_rate_game2, ¥
defectee_hO_byh1l_rate_game2_parall, defectee_hO_byhl_rate_game2, ¥
defectee_h1_byhl_rate_game2_parall, defectee_hl_byhl_rate_game2 ¥
= rate_game2(agent_list)

mmk ;%77 57"5‘__ g Lo
adaptation_k_gamelcost(agent_list)

MM e ———— ll:bljj __________________________________________ nun
MEE LT 8 ST A= A B DN T 7 A M S
#Z I CHL7ZWEEREEL

args.fo.write("%d " %(gens))
args.fo.write(" %.2f %.2f %.2f " %(ave_payoff, max_payoff, min_payoff)) # data related to
payoff
args.fo.write(" %.2f %.2f %.2f " %(ave_e, max_e, min_e)) # data related to e
args.fo.write(" %.2f %.2f %.2f " %(ave_i, max_i, min_i)) # data related to i
args.fo.write(" %d %d " %(nhum_go_gamel, num_pass_gamel)) # data related to the
number of agents who coop or defect at gamel per gen
for ks in range(k_min-1, k_max ):
args.fo.write(" %.4"%(frequency_k_list[ks]) )
args.fo.write(" %.4f %.4f %.4f  %.4f %.4f %.4f %.4f  %.4f %.4f %.4f %.4f " ¥
%(coop_rate_gamel, defect_rate_gamel, pass_rate_gamel, ¥
cooper_hOQ_rate_gamel, cooper_h1l_rate_gamel, defecter_hO_rate_gamel,
defecter_h1_rate_gamel, ¥
coopee_h0_rate_gamel, coopee_hl_rate_gamel, defectee_hO_rate_gamel,
defectee_h1_rate_gamel )) # data related to gamel_rate

args.fo.write(" %.4f %.4f %.4f  %.4f %.4f %.4f %.4f  %.4f %.4f %.4f %.4f  %.4f %.4f %.4f %.4f
%.4f %.4f %.4f %.4f  %.4f %.4f %.4f %.4f " ¥
%(coop_rate_game2, defect_hO_rate_game2, defect_hl_rate_game2, ¥
cooper_hO_rate_game2_parall, cooper_hO_rate_game2,
cooper_h1_rate_game2_parall, cooper_hl_rate_game2, ¥
defecter_h0_rate_game2_parall, defecter_h0O_rate_game2,
defecter_h1_rate_game2_parall, defecter_h1_rate_game2, ¥
coopee_h0_rate_game2_parall, coopee_hO_rate_game2,
coopee_h1_rate_game2_parall, coopee_hl_rate_game2, ¥
defectee_hO_byhO_rate_game2_parall, defectee_h0_byhO_rate_game2, ¥
defectee_h1_byhO_rate_game2_parall, defectee_h1_byhO_rate_game2, ¥
defectee_hO_byh1_rate_game2_parall, defectee_hO_byh1_rate_game2, ¥
defectee_h1_byhl_rate_game2_parall, defectee_h1l_byhl_rate_game2)) #
data related to the mtxs
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args.fo.write("¥n")

" N Y I REINT A= B LDONIZT 7 A MIH TS
#ZZTHLIZWEERZEL
args.foo.write("%d " %(gens))

for coops_all in range( 0, num_all**2):

args.foo.write(" %d"%(np.ravel(coop_mtx_all)[coops_all]) )
for coops_gamel in range( 0, num_all**2 ):

args.foo.write(" %d"%(mnp.ravel(coop_mtx_gamel)[coops_gamell) )
for coops_game2 in range( 0, num_all**2 ):

args.foo.write(" %d"%(mnp.ravel(coop_mtx_game2)[coops_game2]) )

for defects_all in range( 0, num_all**2):
args.foo.write(" %d"%np.ravel(defect_mtx_all)[defects_alll) )
for defects_gamel in range( 0, num_all**2):
args.foo.write(" %d"%(np.ravel(defect_mtx_gamel)[defects_gamell) )
for defects_game2_hO0 in range( 0, num_all**2 ):
args.foo.write(" %d"%(np.ravel(defect_hO_mtx_game2)[defects_game2_h0]) )
for defects_game2_h1 in range( 0, num_all**2 ):
args.foo.write(" %d"%(np.ravel(defect_h1_mtx_game2)[defects_game2_h1]))

for mets in range( 0, num_all**2 ):
args.foo.write(" %d"%(np.ravel(met_mtx_all)[mets]) )

args.foo.write("¥n")

nn

args.fo.close()
#args.foo.close()
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