2019-07-22 14:20:28
= (5. HiiE MR KOgeakieRy s/ detail/11.1081.f.20190719.1621.024.htm

HABETBEALLRG EW

F A wEE ERT b A

NERE:BEAGT TUEFSENEM FEETNE TR REFNENES S
W i E 2k, AREBKE R R T BB AATYHRREEERATA,
X T2 BEARAE ST i R A B 3T A B, e IR R G AT A By AR & %, 238 2| & o
T AU B T R RO T B R R UE R AT T D SRR A A P AR T A A AL AR
R A, ASUR B8 1676 5T 2 B FOME B, A T B 4% 3 0 A A T OB O ST A B R A 1R
FRIFEHA WD, AXHESSHEMER BEYUT AEMEN PR FERE-S A
EWS B L REHRAT, RET SR E S NIOE, P o T 200 e E L
B, WRSEREN AABRBEANHAT, FHAEEAREEFBHESIENEN, T
W P ST U 2 9 B AR AR AR AT R R R — BAT S A ARG T B R R BT
LRI ACE B A1

KW OEEET o EA BN

—.9l 5

FE+A T AF Z 00, sh R o A BRI T, AN SEA Se A S KR R | S R S A R OE —
(AR KD 2K HUER 1 5598 % (Harari, 2014) o A KRS I 2 A IR (4 A58 7 313 —
B RS TSR B & E AR RN O E T AR, A, AT N EAA R, A&
VE# B AT AR H AR SR 2 8 B3k 25, AT AS B 3 4k B A% ( Boyd et al.,2003 ; Gintis,
2000) , XFT NS VE MY AL 2 ik, B A B T AL 45 1 3R Ml B8 D ( Trivers, 19715 Axelrod &
Hamilton,1981) _[i]4% B B 334 @ ( Nowak & Sigmund 1998 ; Wedekind & Milinski,2000) . B4 (415
IS (Gintis et al.,2001) FIbEEFEST 35D ( Gichter et al., 2008 ; Boyd et al.,2003) LB 14
iﬁj’%fiyﬁ@(Boyd & Richerson,1985) \Méﬁﬁgfii@@(l\lowak & May,1992) 55,

w B IR REL TS, IRBUAD : 250100 , L T4 : weiqian1979@ 163. com; PMREL , 111 43 K 2E 28 B i 52 e 1 AF 52
A BB B4R : 250100 , B F-f5 48 : ruiqi_sun1990@ 126. com; ZEM ) It CRINAER ) | Wi VLIV 28 K24 28 U5 2 B W VLW 28 K 24 48 357
7R 5 REEIFFE PO BB A 5 : 310018, HEL 548 : jsg1 23000@ sina. com, yehang@ china. com, A SCHREFK HRBIIE4H FIH H
(71873076 ) B M ASCHAFF R MR AL A B (17YJA790076 ) (1L 7548 H AR B # 3L 4 T 150 B (ZR2016GM25 ) (4 By B 1tk ik,
SRR T E R TG TR AR AA (W03070176) (LA “ Zell2EH " H4F LK (TSQN20161008 ) A AT H % By, 1E
HIHE AT LR ERZI HCFRARA,

O TEAMIEE A, RAR TG 525 LS R I ATERGA 38 5 h A SR E R S m B A TETT R,

@ (A EEEISIN R, MR Z B LA FE A VR T N R IR LA B3R AT R A5 % DT 4 IS RE AR 1088 = I 22 hh, A 20k A
Z AR 4

@ HHANESHIRUN , TR LU G VR T A G AR B K55 X AL AT E AT 45 B 3, NI 5304 1R
TEFELG K R ML SRR P D Ak

@  FIAMEAETT IS I, BT BT RS 2 I AR, (A A VR R AT R O R A I DR O A T R LA A R
WAEME A,

©  SURBHAEBEIIS U ARG 1ETT A R TR AFIEE, A VR T & IR BRI B AE A DL AT,

© ML T EIRRIAR  # LS SRR A (F 5 Rl 26 2 5 3 22 S S S WA R AR 11 2 W sh 25, & 2 3 3 4 1) 2R 48 ok sl
G I B2, T AT LA A R AL
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F AT S o B R o e 2P S R — (R RS E—HF AT 2 A A,
XTI —ASB A AL 2 ik, B0 NG P B AE AT O A g A5 LU Dt o 1 X b im i, K22
BOCHR 322 T AMEE Y £ B A TR RE , BVAESTA 7o R L 2s WT DAHRRD AT S AR B 45301 5 ok
FRO3E I 1 25 3%, L B3 T REAA 4% ( Gintis ,2000 ; Bowles & Gintis,2004) FE£3 )M ( Henrich & Boyd,
2001) 4t 2x HEJ% ( Sasaki & Uchida, 2013 ; Panchanathan & Boyd, 2004 ) . 43 22 11 B 25 ] 45 #)
(Helbing et al.,2010; Szolnoki & Perc,2013) . £ # {1 ( Boyd & Richerson, 1992) A% 5% ( Sethi &
Somanathan , 1996 ) S L1, LR SCHRNT T BEAR A 28B4 Z ik B4t 1T JE 5 A 0 {80 A9 fire o JEL I (HL G
S R 2 W, — R B A MR AR S SA AN G K, RIS X B8 6 B 1 3 2 R TR A
P SAS , HA ATHRE AR X AR B A IS TP AN B OT . FESTE A — R A X, 3F
H s 4% RBAREAT I, X AT A B AR & (F515,2009) , AR, 7E AT BUAHL =
MITEOLT AUSEE R HL I 0 i BEAR XL B R, R = XA AT A B A BUR A 1Y 7
Br.© AT, B S BN HIRE F1 0 N T T XT3 IR AT M B, REAS 15 H A P PR L5 B i 2
WA T B AU B A T AT, i 23 45 L B R 0 ASh 5 5, DR X A5 347 R 4
HOR AN A3 HT B P LT M b PR AR A A VR B ELAH

AR SR B B AMEAIL G AL A K B DR ARSI T AR B b 3 A AR SO B 5 O 3 3
St AT R BT T8 T 2R AE AR 3 Z (8] DRI R A T Y 3 4 P 8 I 5 23 BRI A T AR B 1 Ak
SR S E AT TR AT R i AR 25 38 A Lk 1) ok D v 1 () {5 PR s, s %o ) A e 8 1 R
JTRIE S DT AT PSR R P AR 7E RS i Ak, A0 I — SR sl R R X A5 R 52
— M PR 3 s — R SRy RN, SCE T A A A AN (] 2R B B, DT T DA
PG BT RN, ITAER , S22 S A BF S 56 (0 7 B9 12 i TR 25T, e
Ml TR 2506 (2008 ) o HUR: A SOIF AR SR 250 19 7 %, R AE T AT N R Al At 2k
AW GETT IR S UMAE A T BRI h  R 2 0L AR R MR A R G A B 58, X fE AR AR
MESE 2ok 2 1 S A5 AR AT — E A S IR B4 [ AR (RRAE PR PEAEST) RO BREE . PRt A
SCHERE T ALY i, B o e — RGN SR AE 5 S8, R AR A B IS BR R 48 Kk AR R AR

AR S 1 A8 i B AR AR B T A S B — A LR R R —— R AR S RS AR ST 1 B
PEXTAETT LA K A VR AL R 52, T X He A3 B T A [R] 8 BIR R AL A AR o AR SO Bk 3 22430 R
LR BRI IETI A VR D AR e R L (BS B A R SCEOR ], B AT
AINHAESAT A2 T 5 AU T 0%, MR AR PR X — D7 TR AT & 858, o) —J 1 Rl
FEPA RS H RS AR S I BT R PE AR T W R AR R R S R il . — 2K b 1k
TESVHEAT T 24053 W 53— 34T 3 A SARERAR T 288 | Sk — 2D AR AR 53 43 o S A A3 A
TS PIFPGL , SR 5 X FEBFIE X = BRI PR X TR G VR B A R R g, — R e A 1
40715 |, 5 Jaffe & Zaballa(2010) Boyd et al. (2010) 45 SCHRAS[A] , FoAT A FHBA AR 511 & 2 [m] B i, T
JEABRE AT AR e ) B T, ELIR N AEZS 4301, 3X — 7 T SEAF & S8 bR, 05 — O T i e A L
B IR IR SO A G AR 0 2 e Jh T RE

ASCULT 585 W 2540 2 HE R < 55 0 43 SR S AR U R R AR S AR DG & 40 248 I e R
U5 58 =B B T — MNMETAT A AAEAEAT AT DM A5 5, A d AL B B AR A B AE 28, R0

@O A SEABIS, LA Boyd et al. (2003) £33 TS S AN ATE S AR, & EN AL H S REA P HERE L
NBTEE B A A 25 S 2 BT W N BT AT 8, A0 o i ) R PAY SO0 A0 ) 1 TR 0 A 254 s , TR I
X B AL SRR SR IR A Al . 52O ], AR SCHERIT 5 2 45 CTE MR A T XA 5T AR i
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TETTS A B A B R B R0, DT O Jim SO BT 7 — A PSR 5 28 DU 0 2 2R R ST AP 1
PRV 5 T AR B A A St O LU AR PR AT O RICR, s 25 TR O AR S I8

T AET R P I RO IR

JIFIRE DM RPERRS] SRR AT A LB S S A AR AT . B R TT LA SR I D A o R B
PR A5y 2R iU — 37 30, ik T AR A A0 2 08 i ZE R AR S A8 54T, DA Sk 2 &b
TR B2 A ST MR E AR S EAF & A LSS, ARSI AR SR IO A s R
PRI N B RAT A TR i i 3 et /)N T A% ) B A A 501 2 0% 7 38 0 45 DL B 14T ( Wiessner,
2005 ; Boehm,1993) . AR Z AR 3R B, AN RAR Dl 17 X 3 75 4 2 JE 3 oE A7 4850, 4840
LRI AR A ISR A28 T R FEE T A5 5. Gintis (2000 ) B2 WA 6 ) 8 i
P B AT Sh AN i e 55 B, /NECE B e - mT LG e AR e P A o o T e R )
ANEON o AT UL IR A 5 AT L AR A AR 3 AR s n A5 B (A A A LB IR 3G A
Wi

Rl A R AT AL T A AN ), K DR PR R T 3 D LU PR, — & — 3547 3l , O BP A& 571 25 S ) 512 it
TESAT o BMEABATRME AR IR0 o — 078 FBAREE S MERUAS AR, SAIL ] BT e AR 5
AR R R AR, RS A A A S SR A ST RS . BRI A
7 RIS BE ) — Mo B IE R AT AE AN R Z 18] i Ze ST AR AT W B AR T AR A . — BT
B SRR BAREAAAE UM B E AT BA B X ITE T B i A B RS  MAR S 5 T
TS, 5 2 rh— 38 o3 BA G S AR AL Ry 58 G VR AT FEIR L HE AL o 2 PR 2 Y
AMASRAETT A B I AATIES] . =TI h AT 2 s Fi b ) PR A T 2 A 2R B A
SRVEDRIZR | (H 328 J5 R A A B A G T R AR 5 25 5 R8O 2 ) ) R B A, 3 e AU A B0 T o
PRPEVEPERY 45 R AT B2 H AR AL R

B2 ZE DR AR IR ) R FRATEE ] THAh 5 R B R R 45 2R R AN ok
AT R E L . AR SRR 0 AT 38 KRR AT A 2R B
N KRR A NBANE N B8 B i) MRS e TE AR AT 4SS 22 HAT M i —
#B43(De Waal ,1989 ; Wrangham & Peterson,1996) , X i IHZE A4 A2 H 69 B SR SRAR A7
fEit . BEATHTIAY , N TFIR AT HR AT R SR AR [y B A iE A kL 25 | BIVI ok 2 7 4 2 3
O EAERIARIA B Biriyirk, @AW 7 X &40 il 84T A BORIE I BB )
SE—ANPRPERY R gt sy RUAT R SRR AT AR 25 B ok A S R £ A5 R, (B ELSEAYE TN
R, AT AR AR R R AL S I PR M 3 T N R AE AT S S AR GBI (4 SR 0 455 Bl o M A
SIDIEIS R T b= S AL SO SN15 i Ll N I NP ¢ SR ST = gl A 5[ S B i NI o (S 1 - S S|
SR TAR ™ 5 T E H AR i A 3 2 R SR 00 8 ( Dawkins, 1986) , 2E 91 A r S LAY
R AN B B ) 2, TR R H RS A e 19 BBl (AR 1, 2015)

TEDMRPERR ST S AT A SR B rh B SRR ZOR B 1 AR B AL SR . 18 S AT LB S
BN AN ZRAEAES T 0 APl Harari (2014) A K, BANIERA T TR AR HNIES
TERE Xl Al AT TREAS ALHB IR = 28 /BN BU NI 2K DT AT LG 3P A B B3 S IRV Rl o i
R E R ER R BEIE A MR e AR N LU B R NS X AL RE .
Hb IR H B R FER T ARSI & & F R MBI o Al e, VP28 0, A28 R R R
—SCOPIB RS B R Ok Y N T T R T S DI RE (Pugh,1977) o TR AR BARA

@ WA RUEX A PR RO 25 (B4 PR AR R S U S AR 5
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B AAE Y (LR BATE S NGB B S R S 1E . BR TIE 540, S8 R EER
SR, 23T AL IR I — B0 WA BAT A [R) A i 4, DA R AR D R A A A o
B TR LR BB A2 il L A e (ol 75315 008 42 A ML U R W, SR IR AT 3l I B
fift, WS 20T AZR AR IS IR, AT 2, NSt S ARME BB RE A 20, HR, 5l 2 KR A
RIEAT R BN A2 | JE 2R AT HA s s A SR E AL il BEAT 2 U I (Wade ,2009)

= AEPAPERR TR T AR SO

R T BCE A R AT T — AR DRV 13 5 RIMBCE FR AT = ST
FH R HATH , ANFETEARMT AT TR . AR G ISEAAT  H 2 XREASRT AXT LE 43 AT D o) 1 B 570 X
REAR G VR

1. A HESR

BBAFAE— AP A L) R A Ry n B AHE, DX AFE R AR A BT = Fh
FARVAR G, B T RT3 PAEST RE 1A e AR Z 40 IRl — 2B b i AMATC 26 57 Mo RRIR ISR
F BT SRR B LB o BT B LU R o, W BRE B LB 1 - -y BAEF A NS
A e PEH T — AT DB AT B 3 3 BB RS b T B A ST AR A 7 AR I £ 5 AT A
ZHEEE NG PR T A B — BB AT p B AR EAT AR .t TR RE S R A Y
BOEAES & @ A 1 PR AT LA A 1S N o, > O F5 AN, o i = 1,23, -+« ny, WIS
BB R k =p§laio B4 AN EVEH IS N P, =b(x +y) —c, BAAMETT B
M P, =b(x+y) —c— (1 —x —y)np, BAFHRE WS A Py =b(x +y) —ko I TRESIHZNA,
FEUESHE S/ TAEE IS, UL, B AR 3 AN S 1 o e AR I AEST i YRR
HFOREIEST B, B RS SN b (x +y) , KT EEBE IS, XFE, s SR AL
GAEH ZBHRI SRR 2 i B, B AT IR

RBEZAFAR B AL IR 5L 22 33 2 ( Moran process) . fEAERMS ]2, BEHLIE T — N JEAT M4, H.
[FTERE 7 A — AN A TR G 2R NS . SET MR 2 A I T 2B LU A1) B
AR 2 Y I B 12 S H A AR 11 8 Ak 1 ( Nowak ,2006) 8K A= 4 118 8 Al o 1 -5 oI 25
BIE F  (H 38 A 58 42— B, 25 08 20 3E PR AS BE 0 T, 3 N PR 7 B SR BURY 95 2R #R 8L ( Traulsen
et al.,2008) B, IXKE , SAEF BERNEN 7, = e, TFIRFE WIERINE N 7, = €™ | FE5T] 3 B0 vy e
Ko, = HH 0 K ARERSRIE . SO MRBEE 23 L8 BOMERE w R AR IR B A
IR RRISERR b 257 S5 I B A58 28 () BUE 5

2. {5 EAAL

ARSI EOF- 55T Netlogo AETI AL, @ 7 20 I RAKFCIZT- G EAT Y, Lo AN #E  am Fn 2=
K (2019) 55, A E T BVEE T BCE FIEST A MU, S ER AR ¢ FIlES b, DA BT
AT H B AEST AR p, B30T DME R, AT AF AR BASE e 2 Pl A8 By 3R ] DA 3o g A G v B — >
FIUAR BRI XTSRRI, Bk R P A9 & — B )28 (ick ) 357 B PO 20 BRAH Y«

Stepl . fHERI R . FEART A WL S 5 ALY S EEE SR E AR A AT RS VR A ik
% WU DT RR A 38 BEAAR T AR IR 2 e, ZE LB B, 35 o e fad aok — s 1 xS A T 33

Step2 : srBeit . Ay BCRENE T35 BLJE ], ROT A B o3 I A MERCR . B T BoE R AT

© AR T AR — R AL S IRE
@ Y'//‘f*jrﬂé?)ﬁ:http;// cel. northwestern. edu/netlogo/. Center for Connected Learning and Computer-Based Modeling, Northwestern

University, Evanston, IL,

177



F FEE HARENSAXSENRL

GAERA S 5 BOG , 15 1 L BRI K T AR AT s .

Step3 AT . AT H VT LU TS BRAT I, I REAEAT HH — 8 WA Ja X LA T AR 4B ST g
B TEAETT 3 A Z BP R T

Stepd SET-FIEFH R, PR FBIL T B2 b B BENLIE T — A A, B R B Rl —
ASEARIA 7= FET AR S B I T2 TR ) EA] 3344 28 70 DU B e 2 2 AR A R ) i
TRIERE . 5 B PR L R 278 AT 2 A 5 AR ZE L

TER—I R S UE , ASIHEATT —ASE R G 252, B33k B 6 1 & B8 FR IR
Bom ik, BSBBUER AT : OBFARIEL 1. Boehm (2007) 5047 T 154 MNMEEESAEE, &
PRI B AR B T A Y 22 R R AR 1) RS A A 2 T MR Ak (HGE 46 R 24 20—30 4>
&, Marlowe (2005 ) fR 4k B iR 5 10 st vh 5 N SH SR 36 RS S B 175 AP —RAEREIRAS ¥
RIE A 37 N O B, A5 B BEE n FBUEIERIN ne [6,50], @QBTERNA ¢ 5H1FIR
25 b AR UL A Y IR S0 EH e = 1,0 =2 B b =4, XK SEF AT 1 B A AT
PAF=AE 2 B 4 B B T BEUR R 51 40 i Rl 2% . BT ILAS p SIEST 1 o, AR L2 3t
Prihidgs S IETI AR p =0. 15 5 p =0. 1;BIRIETI I o, IRNES /3 o, ~N(4,4) ,H 1<q, <
10,0, =1 S22 N EAT & 4 09 i 1 T B AR B8 7, Eb an 3 B4 59 99 55 ( Darlington, 1975 ;
Fifer,1987) , NIl AT LAYE— 8 2 B b DU AT 52 571 250t ™ g /b 571, P2k AT & i 1 2R
PLAETT AT LR T BRE TR 4 BRI E . @& B ARERYHI LG 4310 < X HF A4 rh & 28B4
BRI B BB ARG AR IXRE ,0<x<1,0<y <1, I B0 A SR SE SR A2 i R B 3. B3k
72 e € 10.0001,0.001,0. 01}, ©HRERRE 0 =0.5,

3. i BRI

FE_ RSO FE Y, 35T T8O R B 2SRRI AR R BRI, B BR T —A
FRFVENT B EE R & S EBUEE AT :n=30,2 =10,y =10,c=1,b =4 ,p =0. 15 o, ~ N(4,4)
H1<e;<10,0=0.001,0=0.5, MNE 1 ATLUE 1, ZEAE ARSI SR 09 100 AU E 3
BE AR 8 WA (AR R EILR 1.72% 535 90 9 E 2 B 98, 029% ; &5+
AP LLBIH 0.26% ) o T UL FEAFEAE A AMEDL T A5 B0 T | BRAK SRS I N R4 REREIR 1Y
G BVl 548 7= A A AR BT RE AR A AEST 3 WS TR A0S Ja b T k4 R s o o5
PR R AR ME R %, X RBH A2 — A HEAT A L S 2R 0 A RS R A o | BV A 570 2 1T A S it L
ﬁ?ﬁﬂ@%ﬂ),mﬁﬁxﬁé&%ﬁﬁiﬂﬁﬁfﬁo

0.75

%J 050

0 1 2 3 4 5 6 7 8 9 10
P IACE (Ff: 10°)

B1 dEthAMENEE TH A RIS
HERKOFR AR  WIROFRTTIRE  ROFRENE, TR,

@ Bowles & Gintis (2011 ) Ay, S IR B AR T L S 25 MR B 5 S TR RLASOIR B¢ | AlLAT T4 Marlowe (2005 ) A A Hi L7 T KL
By 77, BTSRRI L b EAR B Z SRS A 1 G T S 400 N 28 AH S A R ) B3l , (EL2: , T RS 3k 50 LA 1 A
M FRATBIRIEAT T 05 B, A5 R I 5 A ST A B RRAE
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N T HEE R LSRR rh A& SR B R D U R AR A L, e TR T — S SC i 38 ) 07 K AR
PEATTEAN 3T, 1 2 5181 3 435 R T8 1—1000 18555 16201—17200 fRIY 05 EAETE . &l 2 i
N TERIER BT B, BT AR I LU (v = 1/3) , I B B iimib , & 1R AR 2 s, 7e
K2y 250 RZJ5, BHE BRI . Bems, i TG 18 R 5T 2 BAT @ M g A 3, AT 5
VEE TTLAAMRIES AR 2 620 AR5 A8 4 B Wm0 7E R 2 860 25 A ST 25
Ho URHAP TS AR I, T B Z AR A RS R T LSS AR i 2 X
AR ETE 16201—17200 ARZ 18], WP 3 iR, REITESS 17081 A2 5 i REASEAS b 430
P IE T . AEARPMRMEARTIG 5T, o T AN A AR A ] A g in 51 i B2 A ML, 7
ARk 100 AR AR b B9 A2 tH AT & 5 G TR B B RB A AT 0 w4
K1 R, XSRS 28O — B0, SCIRATIE R B, SR AIUBAR K H 5 22 8] B Bl e A EAR D
A} ,fg‘iﬁ Y AR RIS 25 AN BEBE N 1k , H & 1 [F) 2E AL (‘peer punishment) RS KB B , HAERAK
HEL % /N (Boyd et al., 2010 ) SCAMAF A G B EBEAUF] ( Fowler, 2005 ; Hauert et al., 2007 ) 4
FRAIZRAET , HRTESIA AR

100 100
075} 075}
Ios0r i os0r
0.5} 025}
0 250 500 750 000 16200 16430 16700 16930 17200
Py AR (UEEA%
2 0—1000 REYHE B3 16201—17200 KA E

DU PR PR AR SR B A S

HAL ARSI AT S AR S ESE AL, h T HRATES A5 A R g
NEHAC R SR T A SRR AR SIAT O ISR B4Ry T AR SRR T . AT b
PR 2> R Wi — R —Edrah, “RAUBRAE  AUBRART SR Ao PR — R R AR, TR
FOSAETT . AHR o> FEMTFEX = S PP PERE ST Al 2w 1 RS AR RO E . 7R SO 20 B HE 2
T BR TR A B R 25 5 U S B AN R AR g, XRE VAL SE SR 00 22 AR AR R L L el

Wi AN RAES 7 A2 | i 5 AR A PR A ST LA X A2 B AEAR LE |, v] LA & 30003 I8 P A 53] %o
NEGVEHAL R BB,
1. —8478h

T IR U — AR AT RE SR (TS OR A E B AT R B — N B S B AR A

N p ABSE 5 0 ST AT AN R AT 2 AR LA R I BT 3l e B T R
AR BT REA T IR 18 (R AR R S5 IE U 0 Wi = BN AR IEUE ) | A RERE T — 2
118, e T AR T ERA B LB 6, X kE ARSI A EAEAETT p (1 - 6) FIBRR A
pS Wiy o WAZRUEESE IR, pd D AL BEAAE I A 8 T ) AR | AR AZ 5y AR —Ff AL
ZEHER TP SE PR AR RS . B BRI 25 AT 2 i R 64 1 3 0 B2 5 AR MR MR A AR ), O p
(1-8) X7 o, s PRRMA FEARANRERS T 0 i il 13 55, (HUR B AT DUROR AR 35 A AT BE ), M 3
TR 55 DR AR T o5 LB & AT 38 AN B ny BT HE . XRF 2557 2 R B — AT S 4 B 6 1
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HHRIIIFER E=nyS(1 =8)p X" a0 X T— DR AY AR R UL, A 1 e IR e B8 2 AE AR STk
A p — BN T AT IE SR E k&K, B4, R —3t7 sh & 45 s ok i A4
NTAEPRAPERRST IR A G851 SR BN A TR I 6 =0, BRI, 75 B PR 2 A2 A A A

P o, 5=0
nyd(1-8)pX ™ o, 0<8<1

PR RYAEST A Bl T Ve RE & M AESIVE FH A KAk CAnAg i | X S AT R AR 45 ) . R
Wk AR RIS ECR IR A k™ = argmaxk . XA (R R B AR A T LA AR SR A

(a)8>0 W FENVHEFE AT, I, BAEIE BRI k=nyd(1 -6)pX? a,,
PERYRET & e &, (A5 &7 = argmaxk = argmax [ nyd(1 -8)p 2L e, ] BB e I B PR AR L A1y

A LR R A & =

8" MBA—B A IFTT Al ny(1-28" )p X2 0 =0, H16° =3 BT " =y mp S0 0

(b) 4 8 =0 I, FESTHBAPP IR Ay 0, BEARIETT & Z AN SEAT BN | 2850 st a5 722 g 2t <7
TETTATE S, MU B E R N k" =k =pX ]«

BRI B E 57135 2o A B 2 I 7, 1T L A ff%nyp 7 a >p Y a, B

ny >4 B, —EATE TSI AR 1124 ny <4 B, 7 ARSI T —8U738; 8 ny =4 B, & o2
P, ny<4

= * _
e PR %nypﬁ?i.ai, ny >4

[f]_b— A ], BB B BB 35 AR K P = b (w +y) — ¢, B EST H AR IR
P o=b(x+y) —c—(1—x—y)np, AN IERIEEAIR T Py =b(x +y) —ko BEEMMRA 305
2RI ALAELE , FIRERTORAS ¢ AR TP HCE FEST & AR e AT S BORE L Bl N
BBV SE T TECE W5 B, 45 R R I AR KRR L3 e

Bl 4 SR T —MUEED BSR4 SE0 BUEE M S AE PR AETT S 5T 2 M F X
B T ALSE R 22 P AEAR KRR FE LT LABZE A — BB AT 3h s, ARl 4 aTLLE 78 100 T34
B GRARAAETT AT AR AN, S8 O 0 135 5 | 15 HOE R R - 2 H ) S R B
PAMEAETT L T AH LI R, AL 98. 02% T %K 6.25% (A 1E# BT3B L5l 23.34% ; 15 0
(- 34 F A0 R 6. 25% 5 455135 (0 - 2T L A6 70. 40% ) o AT UL, — 304780 BE R T REMA A
K,

1.00
0.75

L
i 0-50

0.25

0 1 2 3 4 5 _6 7 8 9 10
(AR iz 10%)
B4 —BITHBERTHARS LG
T S A U A TR RS, FATT e TR T — L8 S I 3] 1) 0 BB R AT PR AN 0T . AR Hs
Frvitap B, SAEPRRPEREST 2R, K%Y 0—1500 2 18], ZHEA L AT LL5E i 1 o 4 3 5 o
(SR, ANTET 5 BT s 29 M o 0 2 S M s, 3 0 B ] A AR IZAE AR, I 6 o, Bl 1A
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ST — A TA) R AR T AT Y 30, VST & ] A — AN 08 = I B0 T i 1 7 R Tl
. AL, SAEEMAMAETTRE, 7658 0400 T, 2848 M AEST 35 0T LA IR , 58 o 8 0%
(RIS 5E T SRR A AT A i, AR SOnT LAFE AR 3 A0 42 FRR AR BT 38 5 4 3= St
O, Gl 8 fis . ME1EE B FRABHRR T HCE G FOk, OB BEARRLT KRB &
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Coordinated Punishment and the Evolution of Human Cooperation
WEI Qian®, SUN Ruigi*, JIANG Shuguang” and YE Hang"
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Summary : Although punishment can promote and sustain the evolution of cooperation, it leads to adaptive natural selection
disadvantages for the punishers; thus the evolution of punishment is a mystery. The literature explains this problem mainly
from the perspective of compensation, that is, the benefits from punishment behavior can offset its adaptive disadvantages to
the punishers. While this stream of literature provides valuable insights into the mystery of human cooperation, its
shortcomings are obvious. First, it assumes that the cost of punishment is not very high. Frustratingly, however, this
assumption is not always well established in reality. The punishers may be not competent enough to defeat the betrayers in
a fight, and betrayers often take revenge, which makes the cost of punishment extremely high. It is obvious that when
considering the high cost of punishment in certain cases, any explanation based on a compensation mechanism is not
convincing. Second, it is usually insufficient to describe and analyze the punishment behavior itself. We believe that human
beings with advanced cognitive abilities do not turn away like other species when facing betrayal , and do not merely punish
the betrayers mechanically. Instead they use various coordinated mechanisms to confront the betrayers. In this sense, a
specialized and in-depth analysis of punishment behavior helps to provide a clearer understanding of the true evolution of
human cooperation.

Unlike the literature based on the compensation mechanism, the present study focuses on the punishment behavior
itself, which is a more realistic simulation of evolutionary history. We propose that during the long evolutionary process,
human beings gradually developed various coordinated punishment behaviors, which help to reduce the cost or increase the
severity of punishment. When this advantage surpasses the cost disadvantage of punishment to reach the threshold
condition for the successful evolution of punishment, the selective pressure against punishment disappears, which can
sustain the evolution of altruistic punishment in large-scale groups. We construct a dynamic evolutionary model and
simulate a typical hunter-gatherer society of human ancestors to investigate the impact of coordinated punishment on the
evolution of cooperation. We also compare and analyze three different mechanisms of coordinated punishment and their
impact on the evolution of cooperation. The simulation results show that it is difficult for uncoordinated punishment to
sustain the evolution of cooperation in large-scale groups, whereas coordinated punishment promotes group cooperation,
especially in the case of collective and authoritative punishment, where the group can maintain a high level of cooperation
most of the time.

The present study makes important contributions to the related literature. First, we contribute to the large volume of
literature highlighting the role of punishment in the successful evolution of cooperation. We propose a new perspective on
coordinated punishment, which has two notable merits. First, it is more realistic, and second, coordinated punishment can
sustain the stable evolution of cooperation even when a single punisher faces a very high cost of punishment. Second, we
further subdivide coordinated punishment into two types: collective and principal-agent punishment. Principal-agent
punishment can be further divided into employment punishment and authoritative punishment. We then test and compare the
impact of the three types of coordinated punishment on the evolution of cooperation. Third, we differ from the previous
literature , such as Jaffe & Zaballa (2010) and Boyd et al. (2010) , in our model settings where punishers are homogeneous
agents, while allowing their punishment competence to be heterogeneous and follow a normal distribution. This assumption
is more realistic and makes it possible to discuss and compare the effects of the three types of coordinated punishment on
group cooperation.
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