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Feedback mechanism in coevolutionary games
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Abstract: In this paper, the effects of coevolutionary dynamics on the evolution of cooperation are presented. The state
of the system can be described by the collective level of individuals’ strategies. The state coevolves with individual” s
property, constituting a feedback mechanism. In particular, whenever individuals are allowed to adjust their social ties
in accordance with the game outcome, this adjustment is predestined to affect the payoff in the future game interactions.
This feedback mechanism proves effective in promoting cooperation under appropriate time scale of strategy updating to
game happening. Next comes the coevolutionary dynamics of individuals’ group affiliation and strategies. On the basis of
individual-level selection, by combination of coalescent theory and evolutionary set theory, the conditions are derived for
the parochial altruism to establish. We present the criterion of strategy selection in the structured populations for multiple
strategies. We apply this criterion for two-strategy setting in the framework of adaptive dynamics, and find that by adjusting
the game matrix free criterion parameters, certain performance of control systems can be realized. In the ultimatum game,
whenever the first mover assignment or the size of the resource to be divided is dependent on the outcome of previous
allocation rule, the fair allocation rule and the egalitarian asking demand can be stabilized. The coevolutionary dynamics,
as a feedback mechanism promises prosperous applicability in resolving the problems such as the multi-agent formation
and the mechanism design in resource allocation.
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(replicator dynamics) AL IFZRIBFFER AL A2
MIBCFHELL[11, 12]. SEALEZRA — M0 U2 R i
PEAT RN AERE . X B AU AT AR B A1
1#E k. (evolution of cooperation), WALIE AT NS
£ 5. Nowak® N & 45 1 1o Fh 42 3 & 1F 1 HL
H[13]: B #% H H(direct reciprocity)[14, 15, 16], [&]
¥ H  HE(indirect reciprocity)[16, 17], 55 % ik
##(kin selection)[18, 19, 20, 21], # 41 #%& HF(group
selection)[21, 22, 23, 24, 25, 26]f1 =¥ [i] H. H(spatial
reciprocity)[27, 28, 29, 30, 31]. 7EMF 7T & 1R Ak ]
B, 5 FH 1 2 A5 A8 2 [N 4k A 358 (prisoner’s dilemma
game)[28]. 7E [N fiE [ 55, B8 A AR ] DLk £ &
E(cooperation) 5 # 1F #& (defection). 24 — # & 1E T,
FEMARCER. G E AR, & ASENGEP. S1F
FIREIERE I, BIE U AS, JEE W AT, 3 Hix
S LT > R > P > S. AR, MER et
FEWG SRR T Y E AR, SRR AR IS B i
. MR SRS AR A S I SRS A — BT Bk E &
RS F=2E

B 5 5 A= P L 2 1) & 2 R e, 2 () L BRI ) 2%
oo o5 & T T B W
7[27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37]. Nowak%
ot 1 i LIINGER B [28]. FEIE AR, 5 m
RFAEK, TDRAAEZEC R, ABATT R T2 8] G5 4 7E—
EFR B BT R 3t & R 2 B K, TG bR FE M
#& (scale-free network)[33, 34, 35], />t 7 I’ £% (small
world network)[33, 34, 35155 58 /55 & 52 b 1) W9 28 = (1)
TEZRHT SR 1T 22 &5 SRR, o Pk 1 X 2645 )
TEERIEI[33, 34, 35]. OhtsukiZs AIIZA H 1 FERE
L S = /73 = < | I S (SO I A < S
b/c > k[29]. X B EERARM, bie & 1EH kI
IR, kree 2 I B2 . AR TR X — 25 SR S5 G2 K ik U]
AT TR BRI T AR R T S 4 4544,
ANFET RSB, GERANSHEAAER, 2
A DA BR KHE BE 42 5. 28T, HauertSE A ) & B0
WX 265 25 ¥4 FEAS 2 Re S AR it S 4, U R EH i
Z% (snowdrift game)1[37]. BHiE—, SCHR[38]1H- 2 F5
H S MR SR A A 52 R M4 E R
IR Ry B, AT SR <N E” A i, B SEERE
S 28 A AE AR AL A E R IEE R IR R
— MR

FrEpA ML ERTEZRAN, S Mg E R 2R
R S N 1 I | I Wiy S R R NS R o A N e e
10139, 40, 41, 42, 43, 44, 45]. TEFRRIFLES K B =
MNEZR A, SRR ENE . R
A B TR) ROBE. A H R, SR A TAE 2 DUINGER 55
R AR, T A 2 Y B R R e, B AT
7% (trust game), #¢ i 8 R 1# 2 (ultimatum game), #;

# 18 28 (dictator game), /b 21 & 1# 7 (minority game),
Fa R — R RS, R IR IR, AR
LB FEATEE—FE. AT H M MR LUl S fots
H O HAD R ESEE B R 2 e KAk, X B JE T
LA EE, {[E1H .

TSR B 2R 70 Hh, 5 AN SR I L (R A 1)
Al DL ZI) 1 19 25 ¢ & 19 46 41 45 # (social network),
i H(aspiration), 2% > # l(learning rule), 7
 (reputation) 5B . 4 MAF LSRR IR LR
VHEEA 225G R, AT T 2 5 B S L8 25 AT 7 SR e
Wz 2 B VA T A S EE I 2T R X PR B 5
Wi A SR TSR, R B T — AN SR, B 5L R X
PR BEAETE M B R F, M2 AR (Rt &1k,
SEOEL 3R A ) O X BR T W 1 E % (adverse
link severing and relink)[39, 40, 41, 42, 43, 44, 45], N
£ & iE B(migratoin)[46, 47, bx % 1) V)
. (tag-switching)[48], & Il %Y 1) ¥ 1k(phenotype
evolving)[49, 50, 51, 52, 53, 54, 55, 56, 57, 58], & —
# 1] (intervention of the third party)[59]%5.

2 RGRE 5 I (Coevolution of

strategy and social network)
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58,59, 60, 61, 62, 63, 64, 65, 66]. 418 2% K& A= 7F Wrik
HEZRTI, HFRR MRS PR B el R 2 2 4
FRX—K &R, RIMRE 1 IX— 25K RE A7, Wqe
SCHR[391, A EBEE AR R AR BRI, HiT# 7]
DDA A BE AL £ — N AR AR5 A A A R I — B Ay
PR, 7R RIS 3] 7 B2 5.
FESEIE T, BN BORRIER B AR T E1E .
—E e I HLBIFEE L 2 H80.6; H —FEMigit b3
AR 7K P 90 I 72 1 DL 223X 9 7 1T ) R 2% Al
§5 1 e A WL A 4R I 2 e, B g — 8, FufE
NI4515 & T Ha e SR BA FR B2k )
W e 4R e I A ML S VR RO RE . R R B
FHOMEREE, — A R XA A 128
% 0 JE AR, AR DU 0k 47 S 528, LA
1 — wHATARE TR, SRR SR, BEALE ) —
XA S H 1T AR R BEAT T 2R ISR S, T T
AR E R RS ISR, IEA RIS AR5 R
Y5 X LA (pairwise comparison updating)[60]13E17 5
W SERT. 28 50 ) R AR, G SR R A A A
Horp—ANEseE, W T BN RR
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18 (pair approximation)[37], TE5RIEF LM T, X RSt
PGS J1 AT AT 1 B i, 250388, A7 AE
s e E] ROBE 1R A VB KA B i =, 1 B 45 itk
—PUESE T IX—RILLEN). X—45187E 2 NG
RIS AT SR BRAZ[61]. LB AN AR W A A AR e 2
AR, T A g HHT R B/ DRI 2 1AL ] WudE A [62]%
R AT T W B b 3 — P,
k[44, 9818 7T T HA A EE A A E . S5k T
YESRAL, SCHR[63]Fi i Aa e tE SRR s AH G, 15
2| T FIFE g, IXAMER G, oYW 7 XA 2
SN 22 408 BIR R AS (P IR 8], T AN 2 OB RS R 1R 5.
BT, Rand 58 NIBIH AT 9 SEEeiEsl 1 FR BB B i 25
JR164]. 7£ FRWHFL A, SN )2 R AT I, B
Z AR RS NI 25, A, Cong®5 A2 [&
T A RBh 5 N RS SRR R [65]. AL
FRIRP N D IRHE . e PR —h, P3RS R4
AT AT s. MR AR, AFRaE AR s
XT(EBEE 2 50 R )R WigF. 28 =, B
A MEE D AT 20 8 508, AR 22 ) 41 &
H R B M. AR, S sl T PR N R
Wi PR AT () OB &5 R BoR, T M4 2 8 2 1AL
AT R K HE R ARIB IR R, SRS DUE AL
X — 5w TE 2 NAE A2 35 18 28 (public goods
game) FAIIROLI66]. SCRR[43175 1 T 4AHEZER F
AN RN MR RR AR W AR T g LT I 2R R R
. T2k AL AE Wil B 2 J5 1) T AR A SCHR[44]. Itk
I, AMAGTHEZEIC s R4 (fictitious play) & 2E
ZEREAT R, a0 SE A 2R OC 2R AT R SR B A,
AN SDEHZEC R, UREA B2 R R,
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Fig. 1 Fraction of cooperators as a function of w with differer

u values.

B4R, STHR[441\ 4 5 B A BERE 70 7 L Ab AL )
XFEAE B2 AN [FPIRES GRES) M 2 18] o] DL B
SRIE R AR, JRAT LA, 24 SR S 38 1 e 1) ROBE B/
BT, 18 25 1 X 4% 32 00 VR & 2 &) W 2% (well-mixed

population), G 1ELENGER ST ). 24 SRR 1L HEY
N 1] ROBERC R, AH . R0 281 IR PR S5 2R ] DU
T NTR A 3 ST 2% 1 18 R 1 25 (stag-hunt game),
15 B 2R 1% % & 1F B AT RE. 7E BEAE 22 R, Van
Segbroeck5E A [98] 5] N\ T BURANH =141 2 1 2
PE, BE 9T 73X Bl 2 8 M0 B 4R S AL ) 2 . Lin%s
NI991H 1% JEARHE ™ 2] 1 A b AR . DG T8
AT, U7 E R, (H R BB R AEFE A IR, X
R RNEMERE SR ERMENEET, 3 1%
AT 9 HME A AT HERR R BEAR 70 A 2 T MA I BUA 07 &
FfROX —HMERR AL TR BT B4, LR A
g

%6, BRI — BN T eI S T,
TEH AR BRI AMA T SR B2 A 2 0 R X
AR T2 IR L SE IS T8 U AMALE R 2 i,
SONHT AL S R R BAT V-G . BRIAT 7T 30 3) 777 L
[ 1 B AR T A o0 B2 Lok, AR AL i
i R R — AN AR . T SEBR BRI —
IR R B A A BN ) 5 s . X2 R
FESLBRETE R, Hean 4 PR ) B YR B AN [m] e, R g
SR FHAH [5] 1%) SR & Pty SR B WA R AR AT mT BEAN ). T B Y
(880 W] LA T = S PR R AR WA R 85 L P
(PISRHE . AR Z A R R 55, 5 =, IX LR AT
WY T AMAB)AS R B A 2250 R IBCH]. X MASUR 3K
FRA B AR — MEAR B FUI e . e 5)1% U, WA
VEIZ MBS, TR ME TR A S R R A S S —A3)
AR, Ba RGN ) F R B RaE AR
B N R B4 TR 20 R IIRE T2

TEA TR TAEH, — A ERAIHESLZ % S
JZ W 2% R 2 X (empty sites) FITE . 2% A7
BEANH RN, ME ST 2R Mg & X sk T
AR BT TR 1) E EURRAE . AMART A BE T
fili 2 S PRIF R [46] 5 M FE[4T R SE IR
PEAG IR WS . B, R, Rl ). FAEEAE
WA — L TAEH R TS RIS . X LR 738 H
DAIAE PR 858 B0 0 3 it 1R 2 20 1 T 2056 R8s T il #%
TEfAR At 2 N ST Frie iOVE . (H 2, B st H 2
AEAIAEL R, AT AR HOAL P Fh 2 (8] A7 AE I AH B 58
ra] DA HoAt 2R Y R 2R 20 L G AN ] {0 5 ) ks
b 1 I T T OSSR TR B S S i
% (rock-paper-scissors game)Z| . >4 i 3| 58 3 X F
I, 59 AN A TR, XML AW 2 PV 4E+F
AR, A I TR R AT BB 2 BRI A4
ZAEVER)? FRANTE SRS A g R, JE R R IE
PAF T LA EE Z AR E 2 50, W Feme S
XTHRWE ) GHIR 7 Bl 7 AN R, AR TR AR 42
I B3 B ML, XA S T AR A,
[FIAS B A T AEAR R IR p e R B L 25, IR AZE UL TS
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50T, IR B IE I T AR A T I i i

TR B 25 5178, 79, 80, 811, MIMARELE AV FERL A

W& B2 Bz, IS T A A SR A g Y

BB 12+ B, EIR T 7T RS AE B — 4%

FREIFW. MAESEBRIE L, MER LS5 2 )2 N 4%

BT, BRI N —ANIREE. 31X — ) AT AR

TR AL BT, (ER R FUAR A 2D BRI )

i MEIEREME RS ASF 2%

ZIEMIERE . HEMS EIEZRRR . i a] REXT

RGN 15 R

S b, B RIA AT R R I A TR
ZHE. — kUL, AR M FE N B I () A2 4k, T
HAMR B H At AR BE S AR A an SRS i R 2 ]
BHRA, MRS R 2 8 M, 1% 28 g 1 SR
AR R 2, A8 AR I AR T DARR 2 TR 3
AL, FIT, MR IARZE (phenotype) -5 57 i [ L 4k
FE—ANIFFUI A R 49, 50, 51, 52, 53, 54, 55, 56,
57,58, 67, 68, 69, 70, 71, 72]. 1E4 Ft#HE 5Fr& 3t
AL, SCHR[491 LS. 78 BEAF 72, A 4E A
BAEAT N AR, AATT R B A R SR B A
PRSCTER AT A 18 B IAH B R, A1 2] T B AR
EFECAEIRAEAL > 1+ 2, B A B EAN R
s ARAR, 09 A A SRS XS T SR 1 A, BE S,
Tartina®s A ¥ IR BIARHE T 2] T 2 5% = AN 2%
H[52, 53] iX 8 T AR d Ml & 7O AR R BE N e
FA(in-group favoritism)R§ 1. Fuds Ndt— DR T
P AL LA R 254 [5 1],

3 X 3k ¢ A At 3= X B Bi(Evolution of

parochial altruism)

MILLAZEEE, NV, 78 B AR, AN R 5
—REE T SR AR FE R R AR A R A AT A, R L
LR R N R D W i S R N A S
E TS N < N/ Y A 7 N | I 1< D¢
ZI[50, 51, 52, 53, 54, 55, 56, 57, 58, 67, 68, 69, 70, 71].
EAILGAE NS A I e, AT 5 AR
SRR F R E R HABAMA RS FEAIT A NI A
FE AT, 76 B AR PTEAL T RE R, B AL B AR R L A
KRR B = T 2 A AEE k. B AU i AN
X BIAT R R AE 18 K v A 2 P A5 DLAE 28 1Y Ji B
e Ae?

31 BHEKB &M T X 8 MM E X
#] 7% Hi(Evolution of parochial altruism under
discrete strategy)

NT R IR — B, 2 AL B A
e oz oM OE M7 O ® N W
F%[50, 51, 52, 53, 54, 55, 56, 57, 58, 67, 68, 69, 70, 71],
B OB AN AR Rl e T A 2% AR 1 1947 9, B

R 2506 G (AR AT LUK AN [R] 1R SR . 35070
A1) 5 [F) — A0 A 3 M EAT A A, Tk ke
BRI MA TS ECE IR 7R — TR R,
PR WS AR Y R R R I TR m A
UFRE, M HEANUASER . AT AT — e AR A T 23
TET] IR AMMA, X —1T AT HE S L EE Rt
FRAREE LARY T F T CEMPRE DL RHE 9 e AN 1R
fi, XA A X IR AT . XTI OR
TR O, [ A X 3 32 ORIt 32
TEIX — L FE o SEBLILE AR5, 52, 53, 541, FhaE N 51
A DRI PAY i 2 2 S T SR A (] PR TR S s, A
IEPERTRE N BB R, T TSN MR AT 18 1 5)
ANET, WRRBANIRIR S, 1F Ak 2 1] 3%k SRS AT AE 1
LT, SR DX A S (1) MR TEAT A 264 S 7 R
3 EARIE BRI BRVE? ETR A Y S A PRFHEE A,
AT 2 B S R T D% ZRN, DX s P At S e
Mo T FoAth SR PP 2 B BRI, 78 59 B A1 — Ak
ARSI

b—3c—a+~v>0, ey
FEGGIEFERRAR R E DL T
b—3c—a+vy>uN(a+c). (2)

FEREN SR, S1EE 55 EE FZR A AR I
2 aED; B R 5T B TSR XU 3805
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Fig. 2 Stationary probability distributions, transition

probabilities, and fixation times of each strategy

B2, pRIm F PSS L — MR N R IR B AR
TSR, BN E R [69], tF/RE E I 7). 2
o W oAk B9 o = 0.0001, 3K BE AF F
Fu o= 0.0001, F # B BN = 2000,b =5, a = 2,
v =5. BRETFETe =1, A TEdc = 3. KHTE
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Ak, A SIS B AMA BR T 0 i) T S RN A
AR RA G IMMEG1E41, 59]. 22T
I, FulifE 78 1 AR AL (18 A0 25 A1 (5 1. FE AR R v,
AN e 2 P AS ) 1 E A A R ) A AR ], Mk sk
W5 (p, q) T, pRAKTHEN ME G, ¢RoR
SRR G AR IR 38 . 5 i 1) SR LA v
(M2 BT fE AR, T I B BE R A e 5 B 2
LT N R < T /NS =S VAR < (T B S 5
Ne< K(p—1/2)+1/2, H P KR I 2 5 32 H
bbb/ c, B0 H M, 5 0% A 53 5, UL B AR 57
ROl REL FIZH T NBHRAAE LI AR 24
FREFRUIEOR B /NS IS OL T, A

v(v+2)2—(M/2) (v +3v34v—3)

' Dol = KL
v(v+2)“+M (v +3v+3)

¢ (M—-1)v(v+2) 7K >0

32 ESKEEEFM4T X 8 R M E X
i1 J& H(Evolution of parochial altruism under
continuous strategy)

N R SRS S T, RN I SEms AT ATE

X [a][0, 1] F 4 & BAH. R W NAS A 4 B AL 45 i

B MAHEH, FAMRBIEFALRHE AT Do HARAMA TG

wZEMIRA, Gy € {1, ..., M} RN BE L FRRE,

— X AR5 (py, qi) RN MRIBIAT N RS, p; € [0, 1)3K

ARG BE N AN A 2R R A R R

¢ € [0, )RR MAET S HEHMMA I ZR I SRS T A%

2 TR A T 491 28 i Moran i #2 12E 4T S8, 5

B AR AR AR e, H PR AR I o, SRR AR

HOR A, MEE T AR EME, RBARKATLLGIA

“HEENACE, BEAMIVIR Y REAEI51]. T &, BEN B

g HEoZE R OB oW B o4 g R OR

HNA"=[b—c,—c;b,0|fA° = [—a— v, —a; —,0].

WIS A DY AN B s 2 SHE g, A A 1 B AR AN 15111 (0, 0),

FENAEBEREAMETT (0, 1), BENA1ERESMNETI (L, 0),

FENATERAMETT (1, 1). TEAF AT, KSR i

F S, BB SR REME T SRS BRI B IR B2 B B 1L

I OUHET, 7T LAAS RS 5ERE SR 1 T, R0 (p, ¢) B

H ORGSR RN

Al/U [A(p,p)—A(p,Q)]qurAz/U [A(p, q)

— A(g,q)ldg + A3 /U [A(p, q) — A(r, q)]dgdr > 0
IX BN, Ao, g AR T 18 20 00 B, T R ARl T A
Ry, uFIN, M.

TR BREFRE R THEIES = (p, q)MZAEN

Clp.a) = N(p— )b~ ) + “2(1—20)(b + )

AS g
+ ?2(2]9 -D(y+a)+ ?3&(2]9 —1)>0.

& B 3 #H BE i (coalescent theory)fll Vi 1k & &

12 (evolutionary set theory) 7] LAf5%]

Ao (L+ )3+ v+ p)[M(2+ )3+ 3u+ 2v)
+v(4+3p+2v))].

ANy oc M (24 p)[9 + 3pu(4 + p) + 6v + 5uv + 17
+v[30° +2(2 +v)(3 +v)? + 1221 + 8v)
+ (49 + (38 + Tv))).

Ny o u[M (2 + p) (9 + 3u(4 + p) + Tv + duv + 2v°)]
+v[34 + 3% + 400 + 20°(8 + v)

+ u(3+ v)(16 + Tv) + p*(21 + 8v)).

il
AN ocv(M—-1)1+v)(4+3u+2v)3+ p+v)
Ngocv(M —1)[Bp®* +2(2+ v)(34v)* + p*(21 + 8v)

+ (49 + v(38 + 7v))]
Mg oc uv(M —1)[34 + 3p® + 40v + 20°(8 + v)
+ u(3 +v)(16 + Tv) + p?(21 + 8v)]

HRBRRE RAIRIAEC (i, q) > C(pyq;). W
TR R L AR S, = (i, q) HOSUR B T30
WS, = (p;, q;) BRI, AN, FRATAE T LA SUBE A5
1 BRI 32 X4y

1 1
1
<p>=/ / pC(p, q)dpdq > 3
0 0

1 1
1
<q>:/ / qC(p, q)dpdq > 3 4)
0 0

K345 Y T 7255 4 Ak Hh SRS (p, @) AR 261
BRI, AR AR, WA R TN &1
AT RIAE. SR AT E 2 BRI,
AR T RESMETHAT NNAF . B3ATA 5 & PURR 5
M HF, DX 3 A Al 2 SRR A el B4 4e . 5 R
HE NSRS 1RSSR AR E IR 2, BEAMETIAT v RE
SV AL IR SR AT AR AT 5 2. R e, SRR AR S (B A5 A
LN RSN BN, SRR IMALERE P e 52
BIHI5S. 53— J7 i, TR AR R E R E 2 W
AME, BT AT th B0, S R 2 B, x
T4 E I SRS AL 57 2R o, A7 AE SR A RIERE 2, A
730/ e/, BEA SRR AT AT E B DL AF
I, T E HIER v, BEA S E SRR I
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3.3 /Mg5(Summary)
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4 A BRFPHE P B R BE 1% £ (Strategy selection

criterion for finite population)

4.1 B R B 1 P9 S B0 A $E(Two parameters

criterion for discrete strategies)

5 &R N IR AL B 7127, S AR e —

[ Mg (n A AT IE s 2 —) A1 “RPE 7 RAR. “fL

B REMARIA LR AR, IR G ST,

MASEMEARAMUE SR MAHEAT S E, B

P AMRTT RN P48, SCInfE g Rt , Ak R A

HSORAME “fE” BIERARET R, A

— NLE” R AMARTITEE. BR TSRS A

“CRLE A R AR B R E A AR e T

BRI (i ) e WS HEE O 5 PR SRS A2 1 SRS AR 52
TR SR ay;.

ai; a1 ... Qip
21 Q22 ... Aoy

(5)
Ap1 Qp2 ... App

1% R R BB e, A I E f O H s p B 4 A R
BB f =14 op. Horb, DS FZER) “ W 5RE
REE”, ZEOZ E £, Bl 1 I MAE
FERIEM. HRIRS — OfRRITLEEE.

R IR A s 52 SCNZ BT AR B ST Az
B OBk AR BT RSO ST E M
LA BAE S IR & 38 ST RS A R 20 iy

AR SN, T 25 AR IR AS BE 60 2 Bl AR 1 3
AR & BT A MR “ALE” TR 7R X, B
AR i B M ) 2 B IR A X A R R AR
T LRI (4 505 AU B8 LRI AN 4, 265 F R
53 EH R A I SRR, 5101 “ Wright-Fisher” 2870
HFEEFE “Moran” KA. fERIE H, ITAN
PRIE T —ARBE 2, HAEZ TS SEN S N —
RN F=E. FHERATEMEEL T A SiE
NEREFE A — AN AR, ARG R B AR ) —
AR AR BEL-225 40 T B BRRAS D 28BS 183 2
PLTNEIF71, 72, 73].

Rk 1 REFEBMELES = OFIE L.

Big2 FARUAEEMREEM AR LRI A
Hig 2 —, DUNEZRL — wRHSAR AR,

SIFR 1 A SN 2 s L A2, ) i AR
BHME—RIAE 0 Aiw, I HafEd = OB ZES I fig, H
FHAES = OBIHUE NI G PR TR @, ; 2R R %R

WS FREFRER A=, 15k, Bt R A IR
SR E/RBERIERE, T RIEE R RIEER, ]
PLIEZARES BIA R HRRE. AEEE S /R,
I R R A B R BT = (To,) =& BE ML &= 5
[ (stochastic primitive matrix), i & it, RIAFE—
IERE K, AT > 0. HAT, 2l 2 MR s 7 72
FPRAS s FIMERE. T IE S L + 6 x IS0 as 1 i, %)
HIT, ROMIAEEREL, RN 65 a,; coe AR, =3
Aol B HIR, R #5Perron-Frobenius & B, A~
Bodin = (ms,, -, 7o, VAL HME—, RS
R T RO AE A 1V — A A REAE ) . ) O
U, LN RATT = ) SAFEE, #utk RS UH —
AN H BB R G st & B v oG, A
Blmy, = —mg, V1,0 T, | = —Ts, Uppeq. B T AT
B IERLEYE, vy, - v 5T R T ORMIFT
Pl Xl Tl =7, (—vy — - = vppq + 1), A%
AT ST R T oA AR IPE. &5, fE55 188 T,
g, [ 43 F A4y BF 5% T055 e 22 #) J& I, F& A1)
# B, = 2sres 3 g, Flle,, Say kK,
bis, My, rta; AV &, 20 fal 1SR F 1T
s, IFHAES = OBIHUE N a,; I E 1 BREL

MR 51 B, 7T LAAS 2 T A i B 54]. 25 JERE 1 98
W, N <>FRRFREIRES THIIME, <>0 T
TR, x), kSRR,

EIR 1 35 HHTONE R R 1R, W 5iEEE T,
wOBEI<E<n)# H K & #&F i MW
F(< zp >> /BRI SRS EASE
—, 01 (k= Qur) + (Aps — Qo) + 02 (ag, —a) > 05K
FHoi(ape — Aus) + 0o(ap. — a) > 0. H o Floyfl
A8 [ Bl 2 0%, T 5 2R s £ H R U &8 B
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o #ouE OB B oW FoE e W
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x>0 +0Ry, 3 HRy =37, 2?21 Crijay;. H T
USRI B 5 bR 5 0%, WA SRS AR5 40t
— AR P{1,--- n} = {1,--- ,n} Bk
J, WCRR R P 0 ZAH AR M, &S SN () Bl ) R I
KA b2 5N Cpgagy = Chig. Wk = i —
Lk=iFjk=#Fii=FkiFjFk#i
Chrij "R, Ry, MR RIE NI 2Hor . HIRk
LTI Ry =0, L ZHk N =208 A, Ak
NRi = M (@ — us) + Ao (@hs — aur) + A3 (ag —a).
& JEH B AIE R mn 510, — BRI In A FHE
BIBEmA Z R RA, — W m A 5K s 5 HnA
2 oH ke A& AT/ Blndi(n) = 3X(3).
B AW ULNA K OB T K B W
%& H. ﬁﬂ %/\2(3) 75 0, /7"\0'1 = :\\183,02 = izgg ﬁD
FX(3) =0,%0; =X (3), 00 = A3(3).
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HES 1 AU R R URI2, WIS5IEEE T,
FWEL B BARE R AN(< 2y >> 1/2)BI A A
ZHAER, 0ay + arp > ag; + oag.

E FHIAHER 1 245t T SR R I F 95 T =X,
SRTET X BRI, HA RS G T S HUE A ReH
JE TR A 153 08 E AR B BT i [ 6 T4 2 A R AR
B UFN2 0 88 AL B2, 3K 72 — AN JE 7 T 1 i) L
Tarnita[ 54155 NEFXT— A 2R % 1 A2 1M 5 2
PLUR P SR AR R A Y, 25 T AR S 3 57
b

Ri&3 2REH: A MRS =4 )G
X, A AR 25 T AN T3, RIEHASH AL,

Rk 4 w0 HAREIETE, RIS A
HBERZNA H £ 1) H A FR e AU T 2.

EH2 2R RI4K 2 s Ak s B
208 %k B O F<zy>>1/n W S H

j"jO' _ <zrljj>o—<azrlij>o n<zilij>o0
L= Zaplje>o—<aplij>o® © 2 <zpljk>0—<wzpli;>o0’

Hoi # § # k # 4, I AR 5 S MAT
ACEHAH . T AR -4 RIS LS )57, 5918
T<ay >> 120838 o = Steiuzo

<xol12>0"
SRR LIT 0 “HE ST 60 o
S, BRI L0 77 ) B IR R H AN
5 M RGAEIR IS, P R, F
1988 S, SBT3 B o L
1 0 =< A.TEOt >=< A:cf@l >4+ < A$Znut >,

Horh Agtot FoRAE— 35 5T N RIS AR 2. & i
1157 A EAN G S AN A s | N W bt UL
A% 5 5| RS SR IR o £E — 30 BB b AR Ak, FLIR,
TE—AN5 08 PR, W 51 A SRS A28 AR A N (1% 3R
WA AN A AR B H b, -BAF 1% SRS AR SE 2
M2 H )N, Bl Azset = bde A pfp g7 207 Aok
WA 4 FEHE AT A R AT HLIBE A 57 B HAR 3R g
B HAR RIS AMA T 4 JE ATF B AR e 30 3w, AR —
Fh o7 3O Fea sk mE S AR R S AN R OE 2 TR B
x 8 & B OM O R W K O OB
Azttt = Azl —u) + 230 bi(E —a). B OIX
H< Azl >=0, 4 M 5 Bl<a;, >> L0 %
N< Azse >> 0. g5 i8iE FH TT B E P om E f Ay
TR RN < Azse STEALRIE PR R AR R
O ARAEFHERET, < Az > AH< Az >qiE
LR B o #Him & oz B O /8 2
< Azst >=6 < LAz >0 e, AR, B
NI TR CIE R R R AR R, FETC AR E E,
DB T I RE N “Wright-Fisher” i #£ F1 “Moran”
WL # R vkb = NYERET 4 = Nz,
b= di = N.Ji # #* Blb, = NuthT
di =y bi =, d; = 1. & 28 5 HpplotFlptet
a3 A R A SR W AN A R R AN TR 1 U R 2 L
A B R d%AfL’fel >o=< piot — z;pt >,.
K< piet —aip™ >oMoy(arr — aun) + (Qks — Gur) +
oo (g, — a) R ECFI TR AR T ARG 8 B2

Hap b, wHE2A YR, 0y, oHITRI B EVE: F
FI A AR B A R [R5 7 52 P 235 ) A T A AR I T
J&, 03 S5 A BE AR AE B — I 2 BPIR S (R R,
Ij). 5IcFER, DGR 205 sw BARBAL, 75K
FHARIRTIE T4 Hoy, og, o BIRITRIEA[T1, 721, FF
Bk BF 70 45 /6 T B A S PR 1 52 . ] an,
AntalF1Fu=5 A\ [49, SUBETT T & /E Q] £E —4ES5
A B ]l — 4 ) & R o) E AL, Tarnita%
N [S3 K AR TR e B g e 5 A A b X 28 T AR
L E U TT 1572 4 S B A XA AR A 22 ) v
o FIFHFRIFER R, AntalZE N [S613RARIR A3 HE
PRIV 2 S mE FIPE, 5 Tarnita[ 52155 N SR —4E 4514
TR SRS HE 21 22 SR, v W 33,

T3 R REIAMRA SRS, 4
FEEFR I RIE, WS No, = 1, 05 = 3
R AR B R, MR AR 0 K, IS
i&j‘j01 = %» 02 = %
o,
M=1+v)B+p+v)[M(2+ pn)(3+3u+ 2v)

+v(4+ 3p + 2v)]

Ao =M(2+ p)[9+ 3u(4+ u) + 6v + 5uv + 07




% x =k AR 5 T SO SR 9
+o[3u® + p*(21 4 8v) + p(49 + v(38 + Tv)) ooy, 2) =1+ (N — 2)1;7)(1 — )
2
T2+ V)3 F )] (N = 2u(l = 0)(1— )
= pu[M(2+ ) (94 3u(4 + p) + v + 5pv + 207) + 5
+0(34 + 3p® 4 40v + 20* (8 + v) + p*(21 + 8v) N (N =2)(1—u)v(l-2)
2

+ 13 +v)(16 + Tv))],
= Nu,v= Nv, w5 K EMNBEE, v TR K
AERINEZE.
DAE ST RIA P T B R R A AR
K, WL E 3 28 T BRSO TGRS, SN T
PRAMXLEERE, FRATRR TR SRR T 24
B, FRAF40 R e B

EE4 R4 G B SRR,
BEBUBLE RS, P2 B Mo, = 1,0y = —2 — =L
Hfa, = 7ul)u’ G2 = 1+(1N31)u 1+};1:2)u'

A2 B 140 DI A T, 2 R AT K, 7

% ¥ . (M—1)(3z3—z4—x5—6)
ﬁ jjo-l =1+ (M—=1)(zs4+zs5+w6—221—22)—328+329’
-243

(M—1)(—xz3+x7)—29+1
(Mfl)(a:4+w5+a:672w17w2)73a:3+3a:9 :

i

EP,

= £(0,0,0)g(0,0,1,0,0,1),
0,0,2)¢(0,0,1,0,0,0),
0,0,0)¢(3,3,3,2,2,2),
0,0,0)¢(0,1,1,0,1,1),

)g( )
)g( )
)g( )
)( )
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)( )
)g( )
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ry=f
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£(0,2,0)9(3,3,3,2,2,2),
£(0,0,2)g(0,0,3,0,0,2),
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o~ o~~~ e~~~ =~
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x y
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'LL'UIE/
2

+ (1 —u)(1—w),

42 EMN B hF KA HEE5 S H HE K
45 & (Application of strategy selection criterion
under adaptive dynamics framework)

& N B ) T 2 e S R M e € RO AT
b, 3 H R BN R AR B b, AT AT PR A 5
H2[57, 58, 73].

Big5 BHARRRREE .

B 6 ARy 5 LRI e/
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BRi&8 LRIKMEEMEp(x' 2)fEr ~ zhb
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B 11 BRI A (2, o) RLLIEF %, [
SEMER p(2; 2) V.

Bi% 12 Yo' e iEie, BRI TIasE
BETCER A, s R LR e T o S AT

% 13 P(ﬂf s 2) Kt ann Kay pIEH.
EES AR LR B5-7, 9-13, L

’ ’
da(z ;x) o—1 Oa(z;z )
5 oz |z'::1: =+ o+l og, |z':z'

I FE A UE B LB 0 R . B SR 8 9-12 1 BH 8] 2
W Ep(a z)*x Toka' W Wik w5l
HodE ML W MW 2 A R OH
A M WLl kOB 11413, ap”;fyx_wE
e PO, RO M R
ﬁ jj(aaMJM + 8(?15M)/(8(fj\5M aa}%R)’A(x z)/a(z;x)>
BARE WA TR, 5B HE AR L o BT
BE &, Ton LA B2k i iR denT
%ﬂa” ‘7‘/’)|:C o =0, 1 & F & N 2 >0,

pla'10) > p(0:) & 20,y > 0. A

s, HARS?

25, U3 R B Na(z;y) = —cx + by + 1. AR HE
1,78 7 ik > OFIH BE 5 ke = OFH EE o 1 1
) I ?'\jp/(x/;O) >p(0;z) e ob—c)—c>b X
%%lﬂzo >0& —c+kb>0, Mk =2,

HETATA s IELL T 20 ) |, ot Qo)

B R 10 T R, A 5T
HRBE o = N2 R AB S TRE o = 1,
RSB EHERA17S). T AT A TR AR
R0 A, UMV ROV i OBERS [

IR WA

HER 3 RO A KOS R, 7R
BA Y5 AR & B R R R N g
e e RIC T wF W B 5 % IE L

M amra(as o)l oy — §para(ms @) |y o A
BB AR, B9 A 25 € RIOEFHt IS
%[J__Et[ﬂﬂlﬁa(x o | -

A — 4R, g 3 HE ST AR, A
e R G N Bh A TR N 7). BN & R R
G AT S RIS Bl /12257, 58]:

T 6 AR AMIAR I A KSR, 7E
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5 Jf M 2R b 19 A F 3 HL(Emergence of

fairness in the Ultimatum Game)

RIS I U e MATE IR AT e R R B
PEE AR, SRT, KB AAT N SEIeBE i, IMATE
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H OO RS2 BRI 5 4 1T (R SR IRES e
N NZ AR AT — AR R L
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Fig. 5 The giving level, acceptance level, and average payoff
of the population as a function of the parameter w for
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