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Complexity of Self-Organizing Cooperation
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Abstract: We introduce the basic concepts and background in study of complex systems and complex networks. We point out that
evolutionary game dynamics is an emerging research direction of complex systems. We also introduce the fundamental concepts and
modelling methods of evolutionary game theory, and focus our discussion on the mechanisms for the emergence of self-organizing
cooperation. Finally we draw our concluding remarks and outlooks about future development and direction of evolutionary game

dynamics.
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1 EZMRE

ZMEEL: (Complexity Science) #7254 21
HARFE17]. Btk FEH R EIRRS
(Complex System) 5 H A 4 (Complexity ) [194].
YEN—T1 2R XA T, ARS8
WHFTO KB B & P, A
TARRE. MPEREE, OHSE e THENLRE.
ZPEHNS (Complexity Theory) RGUERZE. &R
2218 (System Theory) 15 518 #5Hill i (Cybernetics )
o —ANEARRGUET HZ M MALAME (B R
G0 AR, M TR R AR BAT R A FLIE RY.
Strogatz {EA[ (Sync) —foHh[167], G gh &AM

60 FAEFE IR (Cybernetics) 70 TFALZ ALY
& (Catastrophe Theory) 80 A& L& (Chaos
Theory )« 90 4FAX /& & 2% 1 i ( Complexity
Theory) .

520 ME AR U7 vk e th ik B 2% KX Edgar
Morin o IXHL, “5HA%7 AL R BN,
T — Mg I . XTI A SRR
B LA I A A G fa By 2 T Nk i) )
b, IF HAGAE R BT 5. Morin SOb 48
BEEIIL S5 18 AUk g e AR S, IR i
TR SO A PP S P g —.  HeRIN v

DRI 22384535 Tlya Prigogine 7F 1979 48 H T
B ERF S BN S o Al 3R ORE BLSE  R

(Dissipative Structure) JEAFFY T 4L AL 2 1)« T
HOERERE AHAIER” [104, 136], UOAFEE
PSS RGT, RENSERZIAAFEE AR AEL
PEAHF RIS A e~ A H A2 (Self-Organization)
M4

HRMERF I FOGE PR SRR 2 1984 4
5 [E XL EFFTIT (Santa Fe Institute, SFD [fIHET
PR S i DR 225459 32 Gell-Mann [¥115
WOT, IR DURPIPE #2453 Anderson FifT DUR
LBUFEAIRATH Arrow N PISCRE FRISLRT . 15T
O VAR AR L BUE, S AT A 2
X R RGN 2RI EIAFENT T
Prig AR Emt s bty R R MR A
TR, VF2EBRE LPBER . BT
MRS TR . e E AV 2 8 K IHES) A
YRR RS G B AMRIE T, Joh ST E
PR TR AR BN 2% 1]
HITRERRET AR A B &N

(Adaptation), HIAMAREGEAK R ABEHEAT B 3= 15t
W, BUEE 2 RGN XA H % SN R S5

(Complex Adaptive System, CAS). HHEHE LA



4 N\ Holland WA ki Fpid VMR gk 7 52 4= PE[81]. J1
SLHVEE R G, WKEETY (Stock Market), 4
P E M (Social Insects). EZAFR S (Ecological
System). KM %% R4 (Immunological System) -
S Ny s TR G BEARIT A (Group
Behavior) S5#E MU 5 % FE Y. R4
7 I Emergence ) M H 41 21 17 4
(Self-Organization Behavior) %8 7% 24 # E 1) %
MBEIMATH . AEEIRRGET, MESAMEZ (A
FeE A EAEFRR, @&, A%
RLHZUTH (Collective Behavior) 23/lIRHK[15].
EARIAT IR “1+1>27 [, taiEsik
AT AR T 2 Mo T B ARG S
TR B, PR, T Bt
TR P g 1t o SLE AT A . A5,
Von Neumann %5 A X% 7t 4 B 2 HL  C Cellular
Automata) FJF AT, Conway FIAEmiiFRk (Game
of Life), LA Wolfram [RAHSCHISTH 7R T E 21
A DA I R G AN SR A BAE R AR . ABAE
BEZMEOL Y, REEES BRI SR INAT
H, BIRGEALT “IRAEIAZ:”  (Edge of Chaos).
RA ARG IR s AT TR 6 Pz B Al as
1) H AL IS BB BR AT S A48 Prigogine 1)
FEIUES A 18, I 5 Haken FAI13 7] 18 ( Synergetics )
[61]F1 Thom 15842 1f (Catastrophe Theory) [177].
55 3 MR 508 VDA G 1Y 2 B A1 Rl S 1
(Self-Organized Criticality, SOC) IR II[13, 14],
X2 20 A5 ARG A AR L R
Mo MRGEFHHAE] A AR TSR, REM
I 25 5y 2 2 AT Sy AN T AT R AR IR T) R AR A1E 4% ) R
B, TRILH 2R (Power Law) 734 (IS 4%

REE, CAERAZSFFRIRINE. 73T8 1/ gk K

FRIEM. 1989 4F, Bak %5 N2 IRVDHERIAY, JR4F
MR T I B A S LR 14]. B A
FER B I SR s | I8 ) R G — 2R,
PRI AT TR AT D AEAH AR i R S T
HIRREAA . AU ARSI, A
TNAER) B RS 15U J Geik 2 i SR A
B, BRSO ICR[13]. EIA A2 H
SR R B R L) — ML, IR
TAFER, A=) (RO Bk K
PRI AR B, fhatE, MEEY s,
fEh—KRBABARRGE, ZHBEERSE
(Multi-Agent System, MAS) [RFFTITFRKG T
THRHEESL, IR R0, 193872 m
K. ZRBMARGRHZ M EAEREA A%

R AENIAMEA . MEARA 2GR, I
HARG RN, AP,
Z R BRI R G n] VRIS UK R Ge, B ReACi,
WA NPME, N TAE&%%. 76 Viesek [ H KR ¥

(Self-Driven Particle )#:84[190] /2 Reynolds ] Boid
BER[1411 0 )8 K, 2 2 Re ik I & 4 458 4

(Cooperative Control), WI—#% (Consensus). Ff
AT (Swarming Behavior) 45 [l @15 31 T 1R 4 (1)
5126, 140].

2 EZMg

1820 R, HAM4: (Complex Network)
PIRFFAGES T 52 A RS B A . % i 2%
ARG T — T 1H R E— M %R (Network
Science) [16]. SEPr_ b, R4 FIEN RGEHAMEAZ
[F) A ELAE FH 26 22 0T LU e — N3l A I 44 [82],
DRI T v P A2 2% X 8 D (s ot 52 2% R e B A T i Fn )]
o RGP AN P ) R, AR TR RAH
HAFHIOC R 2 M2 i

FEGE R SR AR Z TR AH BAE R # h OE R
AEBEHLET, AT —ANBEAL I 25 R 20 . B4 1960
F Erdos A1 Renyi #2 HH#FEHLEI & (Random Graph
Theory) [42], S 2] 1) 1z N 5 & J#[25]. I
AREC T 52 2 2 R Y T 0 A BR ¢ 22 I 2411
SETTT e X T TCAATEMI N Br &R 4 A,
I I [H 3 A S0 B2E S Milgram 7E 36 [ 1 ik
—RYEBF L, UESE T AS R R ML I/ ME S
Il% (Small-World Phenomenon), BlFTIEKIZSE 2>
% (Six Degrees of Separation). a4t i1 744
HFFIEE 6 ANrhiE) St nT LA R AR AN BANAH IR
(HESESPNITIE

1998 4E, N4 Cornell k2712 RWFFTE M)
Watts FIA 113 )il Strogatz S /EHE H T /N H FE R 25545
%4 (Small-World Network Model), FH 525 2% %
PRUFSE T B S 2 BAT “/MHEFE”, I HL
RN T e NS e e T2 A1, a2 U ot
SIE D 5% TR 4 D T R X Rl AT HLAE R ) 4
[197]. B3L—% Nature K3, ZIEA T FEE N
ST ) VZISGE[195]. 1999 4E, IHAT3:[E Notre
Dame KN22W)BL22 0% (] Barabdsi 54t 241 IR
4 Albert H1EAE Science KK T — MM HARINACE
NTHE KRR 46K 2 BTt S 4 4n Fh G vt
U A — AN, RO TP AT — AN 1T R AR Ja 4L

CHSRE, KO A2 p(k) oc K™7[19], 18 y
AT 23 20, FEIXRML, KA s h

MDROLGRIESR G, /M R AN AT EE K



BRI G AR A Hubs)o At Al T35 21X
— F P 2 BR R G bR BE M 4% ( Scale-Free
Network ) » Jf 5 F 18K (Growth ) FIL 56 1% $2

(Preferential Attachment) [F] SBIAR$E H T — AN X 45 5
Y, BT LA X AP TG hR R 4%

SEBr b, “ORSEIERE” MG K EARE TS0k

ARG, XIS Frh — Lo g B 2 KRR A AT
(Long-Tailed Distribution) AR A R .
5 PR 44 1 Zipf 7045 (Zipf’s Law),
Wt KN SHHA A, AN AW E 1) Pareto 4347
(Pareto Distribution), &3 3C# 15| IR E 3 A
(Price’s “Cumulative Advantage”) %, XL&7EF
EARBE ST, BOEUAFPL T, 4 Yule FE
(Yule Process) Gibrat f# (Gibrat’s Law). ZRiHIL
# (Cumulative Advantage ) & %' (The Rich Get
Richer), % L4134 3. (Proportionate Effect), Bradford
4 (Bradford Distribution), Lotka 52 (Lotka’s
Law), Taylor &£t (Taylor’s Law), # Matthew %X
I (Matthew Effect). 7t Yule TAF 2R F[205],
Simon B SEAIH TR VE M SR T ARG IE
SR RA[157], BISEEL T —28 Zipf #t, MAEFh
Yule-Simon 434ii (Yule-Simon Distribution). <%
AT — P LRIA, W2 WOCHER[34].

AN Ry iy & AN A G i b oy S TS
WG PPN AR 16], 52 2% W 4% AT B
HRAGHRMELE THETFB. HirE M
At A 2 T QBRI A OCRE 73 AT (Degree
Distribution), R Z%L (Clustering Coefficient),
- ) B ( Average Degree ) , [ c / 5 i 1

( Dis/assortative Mixing ), J& #f 5¢ % ( Degree
Correlation), FL[145#) (Community Structure) %5
W 25 40 b S5 A GE v 1 T 18 3 v 2 L2508 SCRR[3,
103,166].

KL W 25 (R D 45 R 2857 2 O SLSIEL IR D e ik
2510, DRI IR e 4 b1 28 80 )25, 1550
SR (B ULERR24D. I (S WLHEA8]D-
M3 5 M — [ ) 4 25 8 J) 2% (Social
Dynamics, 2 WEZRAR[33]D HALIHZRB) 1% (S
ZRIR[168]) &, HIE TVFZH M, 15281 T R
G e ELSEN M EEI P AR TEA RIS T —
AR, TREREEM sz . &P $h
LM B3N A BAE R T s AL R A .
XA 24 M 25 [ AL AL (Coevolutionary Network)
FEILAERN DT (S HELRR[59D.

2009 4j& Barabasi 55 N KK TCARE L5183,
RIS 2 M 4 BRI 50T 1 4. bk Science 4%
R — IR, DS RER RS MY

WFIE[18]. HAT, B AL — AR difa]
IR Ay W B S il s 21 Ak B g
— PR TR BABE I A3 B 1 AR A B Kb B AR TN A2
B KB AEE RSB E R [196] X P SR A 1)

(Data-Driven) 57, J&5 % RGMITE ILIR
= Fkik[43].

3 EEEMAZFE

5% BT N R G — S SR SR AL S o |
BIRRCES C BT BRI RE 1R HAT R
MIRER, I S AR AR A AR A 27 0] o 3 5 4k

(Adaptation and Evolution) 1135 A [7] (1) 5E it 2
b HARRGE T HAARTLOE N . . S1E
(Cooperation) 43 1. (8i4r4t, Specialization) .

I AR MR IS SRR Sbr &
G R EARIKE . (ERRRGT, MEZ
(B LA E RIS )1 (Driving Force) W Ak 1#
Z% 1% (Evolutionary Game Theory) 4T A0 #7161,
162]. WAGIEZRIR AR AT A8 R G B ST B
TR EAAET € HEAE ST OAMAT S 4
17 A T S7 R S MR, Refg AR I — R da e
RYFTEA N B HLSAMBAT S, ik, 15
H AN RO, Bk RS D)2
T HEIRARGWIIE IR

WALTEZRE) ) 224 R 2 2 RS SIS TR — A4
G, R AW At AR BUAY.
O RHURNYE . N TR RESE A5 2 1)
2T (20, 22, 36, 41, 49, 55, 57, 80, 107,
154, 156, 191, 199]. 1ERiEALIHZES) )2t 9T
B, EEMIHIL (Emergence of Cooperation)
Ny 4k ML ) ( Mechanisms for Evolution of
Cooperation) [_EHH40 70 FFARLLK, —H &2 IGE
[12,9, 11,10, 162, 161, 108].

WAL PR a2 SCER), R
[ A AR AT & C Altruistic Behavior ), - %5 3 X

(Egalitarianism), FFFLA5CHR (Mutualism) %5,
EYELSAE AR AN P lAE . HARS
RS BRIl & (Phage) [188]
FIRERER[2, 58,94, 163]; thasPEE AL, s gy
B[204]; 4, G (Lizard) [158], #ifh (Stickle
Fish) [99], iV 4[30, 317, Wi W& (Vampire Bat)
[201], JfiRl (Meerkat) [35]; w5 REKKITLAN
W RAERE[86]. AFStL S il A /e S EAT A
[45, 48, 441, WEHEI JELG T T s # SRS

(Hunter-Gatherer) [26],

MBI EAEAT AR S e Tt B R A 1 3K

AT BTRIHI[39, 46, 64]. WFFUFH AR SR PRI,



Myxococcus xanthus 4 B V& Sk A7 7R A AT 0
[189]. 2009 4 /& Darwin HEJi< 200 J&4E, tHIEAhK)
YrFi s 3e (On the Origin of Species) &% 150
J%E. R Darwin “FUCRIIHRRE TR Z ASREL
Z, RN R T B AR IS YE PR 28 2 N 2 Darwin
AR [131] e am i i, ST
BARFZRIE R Ear A 23850 . N JE DR 3
DNA, M40 Y32 A A4, MALSs
FINEA 2, ATAULS R F S A2
— B Darwin A4 AL PR B S) ) A8 57
FARIEREZ A, WK% Nowak RNk A F A& i
AR A 55 = AN R S) J1[108]
28 I 2RO S WE ST i A 2 B 5 i AR
(Utility) &80, BEEZ 53 sing 2 (A AH B AR I

FRER) 2 (A Lo, DRI PN . AR
LU RA R A A R W E e € NG =X 7/ IS o e o =
BB, 8% 5% &5se. T BuhRY . 3R
SR AE R S EAR R YR T4k
2%2% John Von Neumann F1£8 5% 2% % Morgenstern 1T
1944 FEEE: FIRRAATIT N [192]. RENH
XA AE PSR E B HELE SIS H T — 2o [
R, W RFHESAE RS, (HIXAEAES—
PR EC T I NIRRT 2, RHEZRR
WU R B R T 2 CEZENEH. @25
(1%5 03, Felst Nash {EAESVERZEEIR G
o5 NS AT A& 2 JE[102], THZR8 H#SA
— TS PER R 2 A TH, SRR )z
. Tl Nash #47# (Nash Equilibrium) J&4545
EZE P A ANMA (Player) [FSRIEE, ATA—>
AMAFBASBEACSE R T HB S O SRS SRS I 1
L ER (Payoff) MIIETE. #3752, 7 Nash 347
o, e HAR AN AR SR, AR g T A
EI SN, R Nash 7 R — S0 IEES o
ETaMEZRe, EAZRE BT AR &
ANFHESAETF RGP A VAT A RAE T — AT 1)
HeAHESA[ 161, 107]. 1973 4, Maynard-Smith i1 Price
T PR IR e Sl S FH BB 5 sh A 2 [ 1 4
SHTA162]. ABITREH T RS ESE (Hawk-Dove
Game) F8 (X AYE HETHZE (Snowdrift Game) [70]
B H/ NP THZE (Chicken Game)  [168]), L%
gk 2 oK A KO T B Al AR R N R
(Frequency-Dependent Fitness ) Chf WA ZE 18 H R RL
TG DIIUR 1 Svik = Sk WIR AN L ARy €
T MIHFED Nash B MS, oI T AR
%€ %l (Evolutionarily Stable Strategy, ESS) FMES
EBESRNS | ESS, WAZIGHE 2 551 tn)LT-Br ey

(1)~ (Population) #SREUHENE |, JF4 AR H
S | AP 3 I B U ATART v i A S SR L
Ko WA RIXLEIAT, AR 5 SR A LN AP,
2N B i, RIS AEEE

AT ESS (MRS, winT LU SR ms RS e 7
122 U R b e MRS 2 W AR A R (Payoff
Matrix) A, DAt AT DA Ze Mg b (g AL Y
FHEI ESS Hhke o BB A4 A3 I FEE R AL & s 7 1)
LMK R, IF A IURZE P 2 5 2% P (Rationality )
TEPEI SIS st Y T ESS. 51£401) Nash ¥1iiAH
Lt, ESS IXAMMESLEE a2, Rkl TP
i I RE . RN BT Y ESS W€ & Nash #7r, {H
A TREAFR Nash B4 AT IR ESS. AT
—HEME, XHEM ESS &4 “ERE” MMES, It
B VI SR S A P SR H AT SE PR SR (G KO
R, JEAW R AR )5

1978 4F, Taylor il Jonker 5|\ T &5 112416
W% (Replicator Dynamics), BE—#i & T i {L5)
JIEIIRIETU[176]. SHIZ) )27 1) BB R 45 5E 1)

sents R it s o X T L s 2 22,

%’L = fitness of type | — average fitness. (1)

EHIEN )5 R TR % GRS 1)
ELLAfE TR, AT A] LA Y- i T /21 1) ESS 1X
— BRI LB )2 o AT REAEAN )
T RS E PR YT SR PR A ASE ME (ESSD.

R RS TR, BV A AR T
S E ), INAE N B 1 2% (Prisoner’s Dilemma
Game) ML HEMZ B A E 4, HATHE N Z MW
FRRETY[38]0 INAGE NG 5T JE AT R P B AR
RNEHT, FeW T e BT AR A A B %
. 1950 R T 5 [H 2248 A W] (RAND) [ Flood
I Dresher $#2HAHZC A3 (Dilemma) [F1F8, JFH
Tucker LAAGER 7 CHEAT DR, IR PRIt r 44 4 INAE
B HZR[133] 2 B NAE R 4 - 74 A
B MAJUARBEEN, (HERZ B iERTRE N T
AETTRGE AL BN, JEarnl AW, RN
TP LU N IR A NI IR RUE R0 T
CEBTT, TR TTORFRITER, M AR ZJE AR 3R
FE, UUBRE RGN 10 45 45 Z NEBLREFUTER (FHE
G, W NBRAH AR 2 — A EARUEX T
CEAHE B, TP NASHREE 2 4F (Wi 1 ).



WNHEB = PIER (5| WAEB - i
() (HHO

INGE A
R (1D

PIAEIIREESE A e

B ML ZIFRE

INGE A -
#t GEHO

A SLZRFE YA R 24

B HEJfI104F

® 1 URIANGER BT P RS S 1E
Tab. 1: Defection and cooperation in the original
Prisoner’s Dilemma

1L, TEIen T REU A5k, SRHS
RS BESRAT R I 2 5 DRI A A SR U (R I 5
Bk, NGE A B mZMHEER, &N 244, H
SEWRW AT EAAE, DRFFDCER, sREAT
T (24D o 3K 78 73 20 AN 2 FH AR
FIPRoE, PRELT PIXEXEHL (Dilemma). % 2447
i, A BFCHEA (Pareto Optimum) X M#ES
M RFEHAE TR RS T RS Hh A AR B i
MM . R, & MRS i gh A3 i
Wk, RBIMIEE N E A R, R
JER Nash #1720 T KRG RTIXRAE S (Suboptimal),
FEAEM S AT L.
1E—IE A INGEN B 125, B2l RS 1)
MK (Pure Strategist ) #5A3 P Fr ik 5. A 1E
(Cooperation, C) 5{E#E (Defection, D)o D i
SRR C SRmEAMA, RGN T, mgseR] FH )
C MG S T AENESIAT R, #AES RGP,
HPT>R>P>S, SHLEHMEM %
C D

CIR S| 2
DIT P

IAAE NG ) BASRI AL A L B PIAN 2 45b Fic,
RI$I4-57 25 # JE 20 (Donor-Recipient Version),
FERAAE A EY) S ERR X [12,63]. SEIEAEAT
NEMREMET A ¢ B AN MM D
e, WE D >c. FEBE B AT HREASTH
M, WAL HAMATRATATI A I, A
WEE s s M= R=b-c, S=-c,
T=bfMP=0, B

C D

Clb-c -c]. 3)
Dl b 0

ey W, AAE R — PR RS (Active) H
SR (Constructive), 1EBRE—FE Mt sh
Fimg (Passive). JFH, [NFEMELN ESS 241k
% (All Defection) .

— e T HE S 5 N NS R
FAL, ONET LA S BRI G GET S
AP AP ANE, BIT >R >S > P . gt
AR B A SRS E T TSm0 TR C
FREINS, SRED; 4% FRE D SEmg S, SKHL C.
HIL AT LA, RS HERZR Y, AMA R Py xEsE
ST, BRI O A R Sl TR AN AR B
HE

[FIFEH, SHERZE A — Mt e i i
S, INRZETRINLA L BRI Sk R A [l 5 s
o WA RINUAH I AAE, # F RS S, o4
PR C, MMESLAER, FkAlEb, Bt
RN EEE I G b —c/2 o HEMHA—
AENUNERATE S, TRMAARENIZ, PRSI
b, SRR RS E A AT S B,
R D — ¢, I S AMPAE B AN TEAT TR
KGR D o UPATA T FEY S, #RAT
K, W, #—JEpTIR, a0, Bk
KPR TECA

C D
Cib-c/2 b-c|. @)
-

B, R G AF AR = A g0 A ¥ fiF (Nash
equilibria): (0, 1), (1,0) F1 (X, 1—=x"). Hrhalis

W& ZNAT3 1% (pure strategy) (0, 1)F1(1, 0)&HLA
FaoE ), TmME— TR HH% (mixed strategy) Nash

Pl X" = (b—c) /(b —c/2) sk, WA

RIR I S S AR R X RILA 1, DAL — X A
FORIUA R, WE, ALK, REHSIAOH
(R H12) 015 P [80], FR Gt in AW S B ME— P

W, LI A (TR L X o AT

AUX R TR g ME— 1) ESS. 75T HEfZR

R RS AR SEE T DO, (H2
BRI B M R S AR T BT MR A
AR ST AL, THERZERINAE R 5 —+F,
7R TR EARIAL S A DK 52 [37, 72] -
B, ERIERBLSEE A P AMEZ 1A



FIAH EAER CEZRE S A il 2 58 BE AR A 5
[70]. [AAENEEAIE HERZE, K A RRIRAHLL
IR RIEGE, FE0 SRR e R RV 2 A0
ANFEIH T . 4 Hauert RIL[70], 5525 a) DN AE A5
FAAEKPAR R T s A s A R[], &
() &5 R HIGE 25 HE R b B AR A S i RS B IR
o SE RIMAE LRI AR 16 4 e FE i 4
(Phage) Z [HSEmEAT A5 2 INAE R B L & [117,
188 SEIG NI, —PPEERE R LA H— A
I3 —PIRER AR 2y 3R A AR TS s RE R, 1T
XPEEAMELE S uh sk 7R i, e — Aol
gk T Uf ik, AT B B v] LA I Sl SR A
Aetdo. DRh, IXRPERERR 2 IA) () SREMEAT A o 2 HE T
FERIII[58]

TERFFC AL 22 PRI AE IR] ) — A 182 (Two-Person
Game) "1, [ A N B8 RN 5 HE I ZRIX Aol FH [R5
M2 Ahb, IEHREEHSE (Stag-Hunt Game ). IXFfi1H
R s T AR OB ERFAS, (HIBGREGE ) Al
S ANIEAAE GEFFTHE, nTHMER RS KB
(1) A 0T i) (1597 o 197 29 5 B e 25 HE A S A
R>T >P>S . fEXFiEZEd, AR S AL
R R TR RE — 20, Bk SCRR O P U 2R

(Coordination Game) [168]. fEPMAEZEF, P
AISERE AT E Nash M. R HIB)J1%E, XA
GEAT— /NIRRT i, TP I A SR R
P A DRI RO XU 82T (Bistability Game)
[118]. AKX NHEFMKIE R 6= T , R, S,
P Z IR /ANHEZI AR AT BE A ) 2 SR A, 31
2 WCHR[66, 67,1321 F1 25K 168] .

B = NHgRAh, 2 AH5E (N -Person Game),
s A EZE (Public Goods Game, PGG), MAfF5T
NG I AT R AL T A R TR
[130]. FELPFHAT AL, SKIRHLE G5
3B MmN /NSNS e &R &
[68,71,74,76,77,78]c BN MAM AT Hb - [F] I i A
7 A3 (Common Pool) FH#HATHEDE. ASLIE
SRR TSI 55 (1<r <N =1), fF
YNy 2 555600 N AN, AR e S AT
THEB . KOEH, WA TR, I
LA A f KA IS RN AMA )

i (r=1)c . Hi, FERXMAEZ T, A

AMAERIHNIG A5 (Free-Riding) [RiF2K, 14
PSR HARN BB 10 H SA AT DR
s b RS ASR I B AL BEBE AT, S b K AT
r/N <1TIRELEEGEAE. Kk, s8Rk~ E
YR, X FET AR Nash 2174

JERE 423 (All Free-Riding). fREAR, XIGT
s AR (The Tragedy of the Commons) [65],
LRI A3, B LS 8 T 2 O AL 11
T b2 NI o BLSE h AR 23X R,
ALFE AR A ERRARE[100] Y % AR
RS SEBr b, N =21, AHMEZNR
WRINGERESIEZE . 2 N > 2 1, A S fEZEnr L
LT 2 NS 5NINEREEZE. P, ek
AT A BESAEHLRIRAETT A i s gE Ak
Z )R A J) T B DA AR DR A5 v Bl v I R 44 7
[45]-

4 BAEASIERINE

TEREFEAAER Z B R A AEAT A 13 BRI
b — ¢ S N AE R B3 2 f i FH a2 —[9, 12,
63, 108]0 X2 P A XA NAEINEE ST B A 8, H
e 78 79 S AR 5 5 BEAA R s AH PP S R f.
R IEAFEAT o2 A AT, Btk i 3 A
s S5 EE 2 (Benefit-to-Cost Ratio), 1] LA
FEFEAERAC AT EAEAT A B . AR = AN
PENEEIHE B0, 2 SRR NRETHAT A%
SEIG RN M AR B T N S R (45,
76]. Bk, fERE— D IRIRSVENLHIZ AT, D EEXT
A N AE R 58 b A VRS AL AT FER LI 1 [ s iy A it
FUHEAT IR 2

BB W, ARG, iR
P e s T aEE . B, 7Ei= 2806 17ENL
HIREREE T, FOERRAE FARIERAER T ) 58 A ik
Hietgnith, HEGIEER. A TR AR
WATERIEAEAT N, A=A SRR, —
LERTRE A VENLEE, 412203k FE (Kin Selection) [63,
200]. H#% (a4%) H H (Direct/Indirect Reciprocity )
[30, 116, 187, 198]. “¥[A] H & (Spatial Reciprocity)
[111, 112, 109, 120, 175]. BEARE . ( Group
Selection) [164, 181,186, 202, 203] 5153 T —5&
PR (S WZER[108, 173]).

FESE AR 3 B 5 102 4 T 8] e 1 P ( Constant
Selection) [, MR R LT AR RN
T (Phenotype), FRJEFIVEH I AMAT K, fEXF
BT, ENESRS (Fitness Landscape) Fi [ 5 A
. U Fisher [ 2R 1E #8 5E 4% ¢ # ( Fisher’s
Fundamental Theorem of Natural Selection) i BH/MA&
(1) I P A et i A v e T R T YA N T 3% 3 3
[47]. X5 ESCHTIRI, R T2 0 e 8 (1) 1
BUR, ARG BE Bl A X B 1) AR IE PR IR
RN A E PG . DRI, [ BRI AR AS
&G RIS AEAT A4 . Z ), Price % Fisher



P IAT TIEIE, BE TR 3R EF
(Evolution and Natural Selection) [, 4— T i
1)) )27 PR o ARV R A i 44 4 “ Price J7 R
(Price’s Equation) [134, 135]. {Hj&, 22350\
oy AEEAEAT AP TR R HE AR T3R80 ) 2 1)
SRR 725 R A Id 8 [107,161],

4.1 FEBIEEFESEHRERE

SRGIE P IUAR S5 Fisher [47])F1 Haldane
(6218 I 118, {H 2 Hamilton B K37 T
BT e A, IR T Pl Hamilton #1
M (Hamilton’s rule)o 45AEAT A K152 56 35 FN S it
FH HAARR K (Genetic Relationship) I, HAR%E
AR TEAEAT . XS, Hamilton LR H,
MR Z )RR AZEr (The Coefficient of
Relatedness) AU AAE CRIAt) 17 A 5
Wegitke/b, Bir>c/b. SET AR IMAAZA
PR B W B, 1A AMAI)) T &Y (Inclusive
Fitness) [161, 175, 200].

SRGEFEEH T BHA R OB AMAE Z [0 &
AT M, (BFENEA ST, SEIT I KEAETE
Sk AEAISE (Unrelated) AMAZ [H][151]0 IXH] “HE
RIS HURIERE T SR A SeRE. WK, —
A G AE T AU AR L — AN AR B A
B AR L T, L. Btk AR Rk
# (Multilevel Selection) [FIT5HL R, XBEES/EE ¥
AU A MBS IOREA[202, 203]. Traulsen Al
Nowak PSRRI, 7E99 EFERR D REAR 53
AL, BRI Z A T A7 g — AN 0
Mrig1]: b/c>1+n/m, X n ERHART RVFE
NI RAMAEL,  m BRI AN

RIS, KT oRGERE = UL B Ul
75 B B A A e SAEE AR 2 418 [108] . HUARSE
SRR PR AE S bR N A eSS SR R, Gn T
A =50, 2R s A IS K E
FRIESE I, SSEAHRIE SR E, RN R
H—MEJE[137]0 {HIE— L8228 AR nl L i
— SO B IEAT SR s B UL O . A LT
M T HEAOE R B A SRS S R4, N HE
FEAN )32, JUH R iR N Rt i sl P 4t
e A NS VER AT N .

42  HIZEHE

HEOHEERS R T, WA REKS
HUR[187]0 BEALLS H 2 B HEAEPIANAMA L [ AE
X XA e Al 2 O A B SR, B
AMATFELCAEXS I “BET” (Face). SHLING1E

PR I3 My 2 TSI “ AR 2R (One-Shot
Game), K& A4 H Nash IHHMES . 0T B
T EE R BEAR HE B8 8 R AR A AE N B8 1 2% (Tterated
Prisoner’s Dilemma ) . >4 [Nt PR3 2R 7E AN MA 2
(34T 2 RNy, BRSNS AT DU IR 2R 1 46
FOEREHT T IR SR RIS - Boyd 58 A5 HIEACIA
FEW B IR P AAFAE SIS (1) ESS [27]. 7E 1970
AR Axelrod #ibr 3¢ (Axelrod Tournament) H
[9, 10,11, 12], HEEE2K . A% 5K Rapoport $&
HIR “ET B AR (Tit-for-Tat, TET) SR I &
M7 Heg skmg . BTl TET &AM S 17ER o
W, S REGAE, REEEHNT E—2HkK
W&o SR, TFT fEAMEETHENFRIIEAL:, A
KH TFT SRWEH/MATE “BidtHF” (Trembling
Hands) BN HISE00 T, 25 556 ) AH HAE B Al
Ui o
Nowak &5 N AE45 A7 B ALT-0 e 75 PR 85 b (it

FURW] TFT A R4, —H TFT &%
HUAR5E 41k (Always Defect), —FP AR TFT
(Generous Tit-for-Tat, GTFT) <:Jf 30 H >k[105,
114]. 5 TFT #lk, GTFT & —FpHA % A1k

(Forgiving) Mg : HI{0S F1E8E, Ll—EM
K (1-c/b) WXFHATAEIEN14]. /£ GTFT &
Wrdr ey, BT REALEAS (Random Drift), &M
HE B R 2R ) (RTS XA A, 1)
A A1E (Always Cooperate) Vil . X1, HE
Y N I A R Bl VR B SRS AR, BRI TE R T &
YES VRS 4 5 FPIEER (Cycles of War and
Peace) [118].

b5 s N IR VI T S < T

(Win-Stay-Lose-Shift, WSLS) Lt TFT, GTFT &
aps, BAHELFPIZRM[115]. WSLS S e iR/ MA
T SR B AE 1 5 I R A B s K T RN B K

(Aspiration Level), A NIl frFEFIXASHmgs
AR, RNR D2 5 b — A 5kng . Bk, WSLS
ST P A LA T L1 2% 2] SRS [168] . 24 TFT SIS
HESE T A AE, WSLS e dERF S E[108]. 7 A1
gE, AMEZ 2T A ] LLad e A i) s 2k
3. AAEZRS) T R AT AR R T A
HIEHR97, 174].

43 [EEEHR

(R4 B BUR SR “ARIAB TR, AR
DA TABNKTEIIL” [116]. —LLLBMENT 5T
2 B [ BE B AR SR NSl A7 7E[30, 198].
HH T ISR, 9 — MRS S Ah— Ak

HET T Y, (BB S A S A (0 7



A, EANEMWAMACEEITT. T EELE
ANK AT REAE[FIFE P ASAMAZ T LASEEL, R4 L
F TS Ay ) . TR R R )
A ok AR R B AT O L R AF )
(Reputation), M4 HAd N FE By o R4 T R 4%
YEHT, AMATEAAE A AMAR 27 (KAEEED.,
AR Z (A AZ GBI AT DI o AP AT A
WA e 50 S R S SRR s R B
Z[106, 110, 119], FH B T iE K R (Moral
System) 54355 (Social Norm) [Hi AL 5K
[108].

44 ZHEHE

Ty M TR, oS A, i
RS THFFUH ) 2 . ) B R EZ
Nowak 25 NG T 3 [A 4T (Spatial Game) £t
W R FTEAER[109,111, 112]. Nowak %5 A &3
GAMARIRCE AR TR 5 b, IR o] e &
JEBHATIAERIZE I, SAEE S “Hil”, TERE1E
F IR #% (Clusters of Cooperators), M 1E#E AT
DAAH TLSCREXS J5 5 36 [R) HRAR F 32 4 B 2 1 N A=
[111]e e AR XA G AE 2 T B T 447
FAERIBLHIE R A 2% 0] L [108]. &4 202 H
K3 )5 4y Hr o 45 #) N H (Non-Structured
Population) H ()& RS 11%[80,107,118,162].
B2, PSP AMAZ IR AR I RAEAE AT S5 A4 1)
[91,92]. BRI G — 423 /] J7 #%  (Spatial
Lattice) alftos Mg b i) —AN1r i, Hil s 5 4
RN R e SR A (B PR VS ) A A DK (35 WA RPA
i) Big s, 77 T 46 K18 (Bvolutionary Graph
Theory) XA LA 26 45k 2 18 AN A 5] AR T 2R 96 3
(IR T 715093, 120, 17510 SXF VL M MRR 2
J A M )AL IEZE (Evolutionary Games on
Complex Networks) (152 ILZEA[168]).

BRI FE 2 5| R B AR I 25 AL 2L A R 3
%, WHEAERJTIER (Kaleidoscope of Cooperation)
[23, 66, 67, 69, 89, 90, 101, 111, 112, 129, 169], {HK
ZEPAMASEIS S AL B RA B %, ST IE
SN R T WME. Rk, XT3 g 4%
K 2% (Regular Graphs), —MHIXf{di1l (Pair
Approximation) 5 EHEATITLS T [75]. Ohtsuki
ZE NFIR A TH (1201, R T AEAES 4%
H ARG F R T S AR AT A 7= AR — A 7 4 PR A

(‘b/c>k” BD: b/c>k, b, ¢4l

HEVEAT I AT, K AL IR, 7
SR IFEA -, Taylor 58 AR SCE R LV H
7775 (Inclusive Fitness Analysis) [175], #—25[H]

Jii W 4% ( Homogeneous Graphs ) I, £33 T %}
“b/e>k 7 B AE R EEE AN

b/c>k(N—-2)/(N—-2k), Hr N 41 %

H-
R b Sc e A A E W LA S AR DL Ak

[108], FHAhfr—2EHLHI[32, 72, 71, 78, 96, 95, 143,
193], W FES 573, 74, 76, 771 55 1
[28, 29, 40, 76, 77, 121, 138, 155]. J:THr&MIE1E

(Tag-Based Cooperation), MFAEGAERI(3) )%

(Chromodynamics of Cooperation) [4, 85,142, 163,
170, 182]. =2 j% Ly K i (1) 3L 4 ( Success-Driven
Migration)  [79155th 43 2] T LLEIR A I S R
e — B, FERPEAERLEIZ T LARES ALt 1R
TIANERE W PSRN IR TSR Z 18] 1)

“22K7 (Clustering of Cooperators and Assortment of
Cooperators), 1G4 EE 2 B I HZEIC R L HoAh
VEBRAMARZ TS A A . R E5 437 1 52 SR B (1)
Hetfil, AH-A1E R e SR LR ok,
MITAEASE A B s A NG+ o

5 HFivS5RE

THER, HTHERRGME L ERAT T %
R, AR S A E IR R R G — A
AATUIN R, AEZFRIAE X ER A R T 2
WIfER . S EMBLHLHEIE ST & 222 R SRS
Je MR R T SR BT YA ER
FeVE R st s 12 ST 3L BT T T AR,
W= T — RSN A TS (Open Problem) 58k
7 2009 9 H 9 H, el K425/ Edward
Wilson F1 James Waston %1% [+, Wilson i &K/~ &
VER AN LI AT VR R 75 AR R TAE R —
AMFFTT I

HHT, WA TENLIE A ISR s 22
B 2 X 2 2R, RPDUR R N R
ZEUN NG R B AN T HE 2R 0 AR . 7RS5£I
ZAEF, 1937 g gl e, 21, 56, 113, 172,
178, 179, 183, 185, 184, 186]. {HX} T Ik FE[186]-
AT T E45 K4 (Population Structure) [123, 122, 125,
124, 171]. $EB&A R eiX% (Strategy Mutation or
Experimentation) 551& /T~ HIH51[87, 180], AL
TN T2 N2 SRS IR 5T [83], Wi k-89
JI-Aif#ZE (Rock-Scissors-Paper Game) S5{ff P 1# 4%
(Cycling Game) [88, 139], HuiidktTHIEHR
IR B[ 7]

N TR AR, A2 R ST L)
FFCAE A R AN LA A R R IR o AT 1Y)



Bitk, HEFEPARFAE 250, KECABIEA
LIS R B PORAE TR ] MR E S, (HAE
1 LA B AT R[4, 60, 15510 SR 1T Bedln ST
SGERT: fEEMIEAEZE (Repeated Games)
i, AN IFES] (Costly Punishment) B4R AT
DMEIEEAE, AR —F-Faaxmirh, Ry
TRZE T AL R SRR A LRI TSR
FEmrr R ar AL, I Hwa JLT-AE1i[40]. Rand
HENKIAAREEGAE b, 8 b CRFD R
(FEST) TEATRRLE[121, 138]. PRIIAT A ZEE—20 I
PR AISEES PRI TAT A (s A A A L

B TSRS, BB 07 S S H Ry TR
HETT A, B2 N T AT A ML
B TR e R g R e 4
ARMEFERE I A BT AIUE R, REAROR S KA B4
o P, HARERTHE TS RSt r 2
A P2 R FR MR DT, 9 286 114 /N S [ 148 T 57 5T
PR [144] 55 0 G AR AL I 52 (I 275 2508 STk
[168]). Santos %5 N i B 1 F R I s (1) T b
J5E P28 4 41 e AT RO E S VE[149, 144, 145, 147,
150]. fH/2& Fu 58 NARIIAE—204 00, IS 1K R
PEIFA BRI T EAE(ST, 53] NIk, A0 Bi—P
RIEFECE BRI T H, X— M2 b e
FERIREREAT PR I E 7 A0 T[S, P IREE— M4t dh
FHE O AR R R A TR

W 26 FI 18 28 7)) ) 2 (1) 33 4k ( Coevolutionary
Dynamics of Networks and Games) & H B L 55
W AN A R84, 52, 50, 54, 128, 127, 146,
160, 165, 153, 152, 207, 206]. MIZ%IF b L IH SRS
Ry TR R R A T W& P 4h, R R 2 4 4
(EA SRR G gs I RgRE AL, 1X
P T AT G e br o X AR T AL T Wi )
JUAR (Bdge Rewiring) [207], #F9T HIEMN M 4% |
AR FE (Games on Adaptive Networks). H
HIORHES I S5 B TR E DT A R, i T
MR, EESTiT Lt Egg, Kit, s
TR, #— P A b IR s
(B 12EAT R, MR KRR ST )
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