NEHAEE L e

3 1 S

OB COEEERR D B URBIRERRREIT I L PR RSB SAT ST R K 25 ASEURRE
AR L o KRB SR T RER BARRE LR LUK DRI, ISR T
fiRE “ A ARBEEER BN DLV ST A BB A R MR A B . S E2 e AICAI R « SpEmoR”
(RIAT A5 TS84 e <5 Jo B IR A A SR BB “ 049 SR AR AR s (EAN RIS AT ) T b A7 PR B
17 GRS EE A A 5, BASCRRY], ARKEAT “RahefE 7 “EiAa 7
IR 2l ARSI AR RS “ KRR X, ST RS BB, X AT A G A R, JEXT
AT A SCRCAE FY SR I 2 5 A 2 1O U5 S AE T o AR STANE VR PRI 0 PR A% XA, “ A 75 5 B BAy i
ThfE, BIAEAT AR Al A AT D  Re e R bk . 28—, TR AR, NSRBI T R AL
IR CEEUf SR G %, B, A o B A L A e B SRS DA« 3R5,
AR S H N7 MGENTERE “%E S5 N7 ENYE, JFRR “RIE S5 N7, a1
Mtpe/IMELAA A S g8 70 B R AEL A AR ARBEAL o XSS SRR 90 R SR B vh AT 30 ISR IR ah
Bt DU an At 20 R o DU g A e it B AR AT TR R

REEAE. ofF W fgE AR

EF A%, GO, BEMKILEEREERR, WARAKRESF kb QL% 250100); 5k
I, GFFA L, PRI EL TR BE (dEsT 100081).

— 5 7

20054, (BEa) 2GR HI125 FFEZ B, AP SR IR S th 11254 “ 3K
EHHERERFAWETT LA RGEARRBHA T )7 (IR, JErp 254 “ K7, 100/ i)
R L 254K I AT 234 SEAORR I FUARBRF L, L 52 BT ARy “ RO
FIEAEA A7, L, R WA SRR A SRR R, — AN “ SR e
MR RS N R, — AN ARSIt 7. 2005467 H1H AR (RF#)
PR BRIX25A R A T FERT o MRseh, fEESRI: “ SEEEZ DR
FOREAT, WA, REAERNINSISXAR T, RIER . BUAK. REWmRAER 2, &
VEAIRIE — A AP EARIRNS 7, AR R, RS — N B 2R e R s
g 202 NS RIS, S R R R ) “ SRS A R AR AT
FPERIN” ©0 2006F4 IR CHARY 2585195 E 2% A T 2% « 45 (Robert May)
PO RIS AR e, Bl B A, (EAL SRR, o T SR
PRI L s e AR H AL Z R AR, SARAT A s . nfT4ERpm” @

“CHVEMER” AP IE D) T AR {E20064E4 HA 1 (HAR) ik BREBME R (&
PERIRIZED R SCrF, A L35 M)A e A5 el PR e 0 5 DA 49 5 1 A A o 14 5 12
WG R | QAR E A AR, B AR g LD B K A, A
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=, “B” 5 “afei” KRR X

2005 7 7 H 1 Hi) (BEy) GG “HE” ieserh, JRgfa et “&
PE” [ 30, B2 TS “EAE” 61 MEESh G S mbls, RamskEEE B O 5
AR RESE I F% T 5 ek SR I e R L RO A AR, BARIX T3 LA H AR s Andrew
M. Colman (2006) Z&H T —A “AEAE” B+ L AR B B IS K2
HERR A -RGZ (MMR) 692 1 1 LUK BAIG, IR SEAXREAR, AR AL RESS 45 £ T 4T X Fil
e, s Tem “HE s ”, P IR UGS e b, i R HE R 1S,
B NI FB S LR KB AE R B, Ashleigh S. Griffinl, Stuart A. Westl & Angus
Buckling (2004) M4 B A A ZATIEIF AR 1 T3 5E 1R E X a2 fa 45
FIAEAE B, AH H CANBIIE AR T AR I BEU s SRR 1 OAY tH BCA A i N B A e 41
O35 A AE R W R AT 5. Michael Mesterton-Gibbons and Eldridge S.Adams (2002) LA
J% Barry Sinervo and Jean Clobert (2003) %J 5 AE 15 Xk A AE AT AT I B AR i 3k
PRI R 2R “IE R H 24T R ©C, John M. McNamaral, Zoltan Bartal & Alasdair |.
Houston (2004) XfA AR e SO AR A= SAE DTk, 17 5 4 2 LA A A3t
P oTERY . Martin A. Nowak, Akira Sasaki, Christine Taylor& Drew Fudenberg (2004) LA
Martin A. Nowak (2006) X &GAE 1€ e A VERTRIL AR TE DN, MiA S 2) 7R
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T AT R A, HAETE N ERE IS L, AR 218 T 1 33 5
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XUEE LSRR, SREkRRR IR SEFER ARMS TAEM S —, A O
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AR “EREMOR” AT Ay MSEFAT R e a4 R AE A7 B2, (0 A CAREA AT
fib AR A R, A A R R AR
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% (20000 EENMAFEI M T AR IBAR. S AR SOk I R s A A
WEAT A /BRI (cooperativeness trait), 04 554+ P47 (competitiveness trait) ', Lhi,
A. B ANKRESTATh, ARG TEMRETUEHR, ARG BRI DTk i) SR 57 i, X
ik AT R IUE TR, A EEBY I IR DTk 1 3 /D B2 AN 95 2 i, FHyAid . 8
2, WP, T DUE B VE TR TR SE MR Y o Ocy?) e AL

(X=Y)-(X'=y) <0, WEA “AERE1E7 GIESit. UL ERLRIE &A1 .

Bl1rh, Zlh oA AR A BV a DRI BRI 97 3 fx, Bl oA AN BIE R AR &
SURRI B AN 7 8 e, 1 HAX—AMEA/ DN TAAHEBA B O vk i) /> SR A 553))
"y, BAEAR “A/ETTHE” (cooperation threshold). fSRBITTHR /N TIX—18, AR B,
GAVEBIBAAT . B AR — U R A2

{x—yzo

(*)
X'—y>0

VIR AR Wl B A A ST A ARSI o G AR B () de /MEE A A1 3418 % (Nash solution),
Wi, ENGERBEMEIEEAEET, Ay B A MAS NEEPE R B 1S N SR 55 3l &
GRS TN 0, HEZRAMET BANES, WK 1 FaF. SHSis &
YEfi# (cooperative solution), /X7 MAEARBEIE H &, S5 KA AW 2 I XU A5 Hh () 22
WA S5 Eh T, WL 11 R B S M LS A A T o 3 B Y (1 )
WHATHEATHLRIAE T ATIISE AR5 VR S48 AN A A5 1 A sk A 38 5 AR A

HAEEMAE, BUSLA R EANE . e, A 4T M i, A S VERAT H LA
WNHISEAT R GEEREPR N 45° 2, AT N AN, A SHSERAHH A
HIMNANIEAEAT BN, X2 e ARG TERET,  DRR A AR T P A2 52 o

< o
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> LS A A

B

0 >
EAET I X

1 AYE¥fE

3%/ b4z, 2000, (LHFERIRELNER S “a1F7 KFFi—xrald “pEgsy” %), (&
BRIy, 255 M.

7 7F John M. McNamaral, Zoltan Barta, Lutz Fromhage & Alasdair I. Houston (2008) JISHL, A JT] ()2 ik £
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=\ “BfERIRT iRl

LRI, RN N Z M se 42 mt 2 R AR, Mk E, R A
RATAA BefF BN S B[R, B — AN, BN, AR, el
12 b, HRZAE DLSES 5 (30 RAE AR SR i B AT RE I F ) o RUZ, FRATT AT A
MR EYMNLAIRZ 0 FRIT T 54E: BERTERER A P R IT6 1 QR 7 ST 4 i 2
fRETFE1E: AMAE 2 A ED h 3T 64 . S WA IR 2 61, NREGEIT I
e WIPERSBIRIEE K, A1E—H R ANB SR due tEER A LU HiER s
HIHADFNFE 5 NI R B AL GES 4. BREEL WA SRS ET AR,
XA ) JBUE — T A 13 B 0

Martin A. Nowak (2006) (K7 BIStEAL T 3K AN il B (R 6382 S N I IR i S V3

(HCEIR, nEl2), B HEMAR = A T a4 (B 9, FIDR ), HARIESE (natural
selection) WAREHF T FEFH 1.

CCC = | Ccool an DEC i D%D
C
C . Cco D“p D D
=
BT T

B2 BAEEIBAEEEN R
PRk, WA ANECIN, SPE#HoR i, BRTEPHIENIERE fy =bi/(N-1),

CEE RN T, =b(i—1) /(N 1) —C, WA fo < fy, FIRIEREIIL T SRR

B, A NEIE N f = (b—C)i/N, Frbh fusisdm, SHARKL, A%

LR, WA IXAE I B e, BOR BB A ROWAMASRAT TS 2 B, AR R
TENAELE TR, BEARRPROUBA IR, B ORI AN w0 (b .

N R E AT R A R p 28 Bl o ILAE FRATT NI J7 THT R 2 S 45 S el 3

R T R EAE 7 eI . SR N B R R IS, A
WAL RSB PRI WP OIS B TP AP AR XA — R L Reg AUl e Rl G T S
B RS, T BELWT A A 2 AR AN R R AL SR BN . AT fEAE IR —FhRLEL, A feft
YeRF ORI IR 2275 LS. DA BRI BL M55 0 (neural substrates), James K. Rilling,
David A. Gutman,etal (2002) BEil TIXFEISEE™: k25 A IMIES T 5 43 N4 R BE 1 5%,
Z: 5 N IERE ARSI A AR ARIEXUT FIE RS 5 LB Brik i o 45— =] & A7 DU A 45 4L«
AFI B NS 5 NEBIEREGE (CCYs AERATE, H BIEFRY (CD); A EFKY, B
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WA (DC); A A1 B #IEFI IR . AT BRI £ DC>CC>DD>CD. “PYFhgh #
I3 AN A A8 AR . DC 2R A IEFAAAE, M B ERA1E, XA A LB
RO ATk R 25, CD IEGAH R . CC 2frIL[FA1E, i DD FEXUTAEG1E. fEdlsir
HIRZ XL 516+ .

SIS TR 20 VH LIRSS R CC 2 Jm DU &5 B IR A % M2 . James K. Rilling, David
A. Gutman,et al (2002) it 1 PURRA R R HH Can st 287 A BN R Bl B 44
T, ARG, CC Z Gl CC M BMEZ IR, KX PURME B (M4 B M2 15
PR, SR 3 . 5 NI FE SRR R N R L A SR
SN 71.25%, 45— 5 LK B IO AR ST 44 /N T 20%, XU #5373 B RO ME R T 440 /N1 3%
E— LRI R T N HAE LR S 2 G gk e A VR 1.

Transition Probabilities Following CC Outcomes

0.7125

. CcC CD DC DD

B3 R AE SRR

SR HEE o0 R IhRERL R G H AR (FMRI : functional magnetic resonance
imaging ) XS5 AEPUFNEE R 2 ]G MEE e . (neural response). JL454t&, CC. DD
5RO N ELLCD, DCEF R I3 2 o RN LD BERE, CD. DCEi R 2/ bil—
M5 N, HIF—RIEEhASELIX 455, MKk, CC . DDZREREN, &
FEHMW. XHEF—MENZE, CCHDDER, e “HLRAG/E” 5 “ILFRY” BAF “17
h AERANE”, X R EEHERR AN TR, P F AR BT CCE I 1SR
TERIE o SEBG N BT TIZFEMO LLSEE: bS5 A SRAZR I ST L, A 4L S
No IXAEAS 5 NHZE I “H2474 7 (social context), 1M S5 iHEHLEZRI SRR« A4t
2x1%” (nonsocial context). X LLSLIG K], BEARBUIE—FF, (HIEHLSE T HCCE ]
LI A J N A2 6 FCCA RSN G2 o Xt ], Wil “ILFEE1E” & “ILfH
W B AT AR, S S SR R R

LIS EE =00 XM, BRI F SR ek sea AR i) v, 1
H “ILFEAE” fetr sk o FU I P2 SN, B4, AN —ANRE R (1 i DX 35 3 b < i
PR M RNE? Ay T HRIX i DI, T AR AT “ SRR A1 (el “ IR RN 7.« )
NG RTINS HE1E"D 2 a. — ks v —M71ah (83 “61E7. 3
IR 2 FIAX — ) BRI i R 28 s N ——H ARG, IX—[H] B2 P (James K. Rilling, David A.
Gutman,et al (2002) ¥ 5 A 65 ) FIE— AN a2 W8 J LA i DX 38 147 100 732 7K P-4 #6475 5 (blood oxygen
level-dependent , fAiFXBOLD) &4 T 7% %4k . James K. Rilling, David A. Gutman,et al (2002)
R ILE, FEXC,CX; XC,DX; XD,CX; XD,DXIXPUFfEpH, (XC,CX), it A&

% Al /£ CC>(CD+DC)/2).
2 b e AR 4 James K. Rilling, David A. Gutman,et al (2002,P397, Table 2) 4.



ZIRIREVE, A L RIS X B IrACC LA A2 anteroventral striatumi > X 1, 4n &4
iR

d o

7

anteroventral striatum

B4 BB ERRXE

X PR IE U R T ORI “ Sl G AE” IR e 2 il AR LA =R L, (XC,CX)
Work FIR N X IEOE AR B, SR PP/ T°0.010 X PN BOELF A2 “ iR X7,
SURF R, RRBORIX — N X IRIAT b REe B 3R Ak, AT ARGt B Rk, AT A B A
IR R s R s D o X, MAGEZ G, NIk ONEEAZIE S 5
N i “H1E1TA 7 BEEIrACCLL & anteroventral striatum P fix DX 355 ) 1ML 407K T i
F L Tb o AR i S N A B ik N EIE — R, O0AT A 0 S AR R e 4 A 2
i FEH

SRR T CIETIAGAE 7 e IR E R T LLMER R, AR R S UM
PIEOLT, AITE2 A COAH AR BT A E 1, HalRe s —Jr &y, £ —JrH)5
BAEATATHLE S HBTAS 5) o IX LETH G 1E A BRI 1 (1) R I o X AL S A S R HE SR (L
WHERR) Pk, TEA A ENHIEIL T, AT A2 i JER) 26 i A & T o
%We? Dominique etal (2004) 7£ (Rl) AR RRMSCERBIMEDE, A2 EE
A AR IR SIAN AR, O AMBAEST Caltruistic punishment) B B0 A B3R £2 X 15,
(reward-related brain regions) , 45 N7 ki = AR 2 8, A H OIS FMBAZEL (altruistic
rewarding) %.

Dominique et al (2004) i ] H3°O iF /7 & 4117 /24944 C positron emission tomography,

fETFR PET) AR - 4R3I T FIAAE 1 1) fii o 22 LAl

TR TR : A, BWAEALKZS 5K, WG &410500 8. AZetihe,
WARAEAEB, X45BH M08 R, WERAMEENAE: BEREKLS, W5 A & #45B30
AR, A ABEL LA B0 AL R T, WORBUFMLE, IRMI25HATLGA, WAV,
5047 B4 H U Ao 1RSI IE IS THES AR AEATRE: AR A AR5 21Ites
B, Bl FIX Rt E LA H QL PRSI (FESEIG BRI R B N E T 505047), SR 54>
B E a o IX LB SR HIEAN LR, TEAEIGE ie ha voE g . BLEIN “f&
FIALE”, ARG A A 4 B N 2058 A8, IR T A0 A 1R “ 51 k07 FE S DLAT DA (D
WO AREAE. A AIETST Cintentional and costly, fRFRIC) . XEIRB A Gk L1k [1]25
FALERERA, WERANIRE], W IBBMUEHIR TS EE R X ARXBAELL0-20 547 /1 31 A1
BAAL AT AR LT B, BRI 2 A B, (2) WUEAGHE. LMATET Cintentional and

27 James K. Rilling,1,2 David A. Gutman,et al, 2002, A Neural Basis for Social Cooperation, Neuron, Vol. 35,
395-405, July 18,P402.

3 Dominique J.-F. de Quervain, Urs Fischbacher,Valerie Treyer, Melanie Schellhammer, Ulrich Schnyder, Alfred
Buck, Ernst Fehr, The Neural Basis of Altruistic Punishment, 2004, SCIENCE , 27 AUGUST, VOL 305.



free , IF) o XEB{IRH ke IR IS HALLEA; AGTBAELL0-20 54T (5 55, {HAEH
BT EASAEAG IS, AMEBHIL2M A . (3) MEAE1E, BRACIEAETT (intentional and
symbolic, fiifx 1S) o IXEBIA H ke &Rk [FI25 A7 25 A AXTBAL LLO-20 .47 1) 11 A1,
{HAERRAL TS ASMEANMBH &5 k. (4 AEMEAGAE, A AT (nonintentional and
costly, fFENC) o IXH, BAH Ay ik [FI25 A7 ARG A, 1T e H—MBEAL B A& e
GX—{FBARITE) 5 IXIFAXBALLLO-20FL47 (1) 511 £, A A i sAEAR R LA R, (B4R
RK2HAT AR

LI R, ASRAIBIMIYLE f5, AT LB AR B 2 B4 S8, BN RAE
XA B PETH AR MR A i 58 S 8o Hegb 80 e

W, AEEABHEAGIERSA (IC, IF, 1S) , AREAAER RN, FH6 BRI
AET R, MR TIESEASESE (NC) |, MEASIERIZE T, AXBSZHE M 7E 5
BLLZ (NCFAJLPALEESD .

0, SRR T ARSI R IR LR . IC, IFP RIS R, PETHORMELR], M2
R#% (caudate nucleus) DIRBTERRA W TH A, XWMRE TSN RIS 2 1
T B HREE W 2 XA R ISy NCIAI & T, I R A% X S AR A W AR T
A, EWARET, Ol ANEAR WL AT, ZEARAIPIET.

B, SEIGUER, FMALIETT R R s AR RIB RN G, AT R
DA, WU R RO, T A 1) v A3 1l A JR el i, AL T S e 114 45 179
DI BERROK

Dominique et al (2004) {1525 5 Fehr, E. and G&chter,S (2002) [ AR #4457 F
b AT N AE & A RS DARR SR R I B LA . ARG 1) B AR F5e 4 “ A A FIZS
A H P, B HEAAR) 26 5 KA

M. “&4E” RPN

YL N T, ZUREE12 5 NS 0RHIE 1T AR 25500 3 45 AL 15 i
TR KR 1) 20 T 8 faitk 7, thlon, AATTRIRSE Chonesty)  WI4E (trustworthiness)
S8 Cloyalty) « fis A58 (consideration) Bt %45 AE SR KRR RO 0% 2 X A T,
A NASBLAE AR T 2 SUBAS A F 2 5 KA 0 1 BB ASE Rt 1 45 18 7 SE B rh i A
ANFNGAE. betun, FEAE NI BB 2R (public goods game by anonymous subjects)
H, BSHE PSS HE, AT AL B TOR A R F8E b, R AT T R IR0 1 25
I, AT NS AT S g s HE 7 e A p ik

KU ESIZ 5 NS RAE . AT WRIEART], G168 LG SRS AN ], Ok
T CHBAETRNT FREE, BRI OS8R H A EEL L.

(D MR “FfH MR EE”  (Ginnate prosociality) T & /E I B mE Y, — KA
ZUFEIRIAN, MESEE A R R, S5 ne, A S586E NSRS
P, Nch “RIzim A A7 %2, B. Herrmann 25 A\ 20084FE7E (BH%) ZuiE R EM
WIS R, X WA EMS . AHE S A NSRRI R, AR i 4 fi
", EEAERE L, AN SER A b R, A AR/ B.Herrmann et al
(2008) XF 154N [A) [ 5% (AR 24 AR AT B AR N A JE 7= S B TRk, M 1R B, fEfl 2508
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PR R AP E R, KRN TE o7 QA S L5 RIS B m A 1E AT &
HRLEAGAEF s MRS TEE S Z M E K, KA H SAMEAR ISR, R
AN NF g s KA SR M AE ST S AR, AN VEK T % oK, B.Herrmann et al (2008) ¢
WA “ Rtk 4555”7 (Antisocial Punishment)

B.Herrmann et al (2008) [ 5TRW], SRR “ R G PE” & AN 2 fE 2 TE s
AHEEER, EERRE. THEFRIAMEE, AIPAREAESBE, AMITES AN
T, S AERR, RIS IGEGN ;. R ARIEE K, AR §E 2
FREACI, Ry G R A AN N () AN (B 2 BB A AR s e KA U, AT/ 5 B 2
NAZAERS, NG R AR &6 b AN EVEIT . AN, T3 E R s, AMUEE ST
FURS IR (K025 L, 300 AT DK B30 A Bl P A e o AR 0 1 Py 5 52

(2) NIRRT TP (temporal discounting) fiiff ANF], S AREMLR AN F] o B3 B i 4f
st 0T FESEIARM, SO T, AR IR O tedn, xR R AE N,
ARSI 2 P AT SRAR )RR 1 25 ez K ARk /NN H 22 R 3R A I — AN R 3
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o

Axelrod R., Hamilton W. D (1981) %7 (Rl ) 2454 1 0 7 42 N4 R 545 78 ( The Iterated
Prisoner’ s Dilemma , fAFRIPD) % F R A VEAT e T B, ROt W
BRI EE N, MRS 5 NREBH BN (reciprocating strategy) , 4 I & 1E 5 .
AR — 50135 TR 2 LI 9T A S0, B N 5 R B T IPDHESE R & /B IF AR &
{137 4%, D.W. Stephens et al (2002) 550, WIRAEIPDHELE F5IAZ5 A MR
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N, BV m e RE B p R AN, RIRSEEe T, #5805, M. L. Weitzman (2001)  [#)
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How Did Cooperative Behavior Evolve: a Summary and Review
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puzzles driving basic scientific research and deciding the future scientific direction. This
problem has led to a large number of natural science experiments and economics
experiments and theoretical studies. The results of these studies are important to explain
the reason of the evolution of cooperation as well as expansion of modern economic theory.
Cooperation aims to promote the public interest, making a bigger cake; while competition is
motivated to scramble the living resources around, trying to receive a greater share of the
cake.The cooperation evolve for two reasons: First, the scientific experiments show that the
human brain has a area of rewarding cooperation and altruistic punishing. This motive is
self-reinforcing, and will dominate the motive to get economic benefits. Second, based on
the first reason, the human being designed a series of mechanisms and systems (such as
kin selection, direct reciprocity, indirect reciprocity, strong reciprocity, Network Reciprocity,
Group Selection) and the environment to make adaptability of good participants to catch up
that of bad participants, as well as to to promote the cooperative equilibrium solution to
evolve from the minimum Nash equilibrium to maximum value. The results of these studies
are also useful for expansion of game theory by adding elements to the concept of Nash
equilibrium, subgame perfect Nash equilibrium, Bayesian Nash equilibrium, and perfect
Bayesian Nash equilibrium.
Key words: cooperation evolvement game cooperation-equilibrium
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