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Table 1. Payoff matrix in snowdrift games.
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Fig. 1. (color online) Cooperation probability curves

of evolutionary in the four states.
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B A 55 X R 25, H O BUR R T
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R2 HITBUR RS Ja B S AR R

Table 2. Payoffs of two local governments in pollution

management.
U 2
R (C) TR (D)
VA (C 1,1 0.4, 1.6
. ©) (1, 1) ( )
AR (D) (1.6, 0.4) (0, 0)

BRI R TT BUR IR, T BUR 2 1
B SRRE ANV B, 0 S 7 BURE LS TR B, T

J7BUR 2 (SR HE SRS O TE B SR 7 UG 2 B3
RATER i, MEHEBEL, 2515177 BUF 1A
P37 D6 20 R By B SR W LAARAIE BE KA R 54
AL . AR B R, B TR A,
T B 1 AR B Eh, WSRO 1R ICEAT H1I K
2 T DA AR IR A RS 1. AN VR P 2 = 2,
¢ = 0.3, /£ XU R, WBEE), (REE, NG
), (RGEL A3, (AR, AR B, BUF 1R
R AR IR 255

p1 =0.7, ps =0.16,

p3=0.24, pys =0 (34)
RIWT. an SRR 2 43 AR BUE A VR BE (AL D). S50
KEEHLIE PG (Random ) MG (ALl C) [R50,
W7 PIFSAS W RS B BURF 2 SREX T B S0 B X 75 1)
RPE 28 L 3

#3  BUN 1 5BUF 2 MR s SRa s i

Table 3. The transient incomes of two local governments.

All C
All C Random All D
t=1 t=2 t=3 t=4
BUF 1 1.461 1.379 1.350 1.340 1.333 0.783 0
BUR 2 0.539 0.621 0.650 0.661 0.667 0.391 0
FHER 3 A, 7EHL T BURF 1 AT 706 T, Hh — /NS R

T BUR 2 i SRS v 4 S 1, HLE 2R Bl 4.
PRI BUR 1A RO A T BUR 2 K B RESh 1%, O/
RS B R BB, R B 5 ot DR KA K 8
RIS YA TUE, B0 T BUN 2 BB EERIRKR.
FOWR, Z R ARG T TFT S0 1% 51 % F 2R A —
L TFT X0 — IRE G R KA IR, TFAT
FI ARG TE B T I RE A — @ MR A AF, X
AR SRR A S B G H A% AT 51 20
B A DLORUE I S 2 i T T, SR E R R
TR, /I W o 22 TR B i
TR IR A Ak

6 % #

D) AEFHERZE, IR TN S TAT51 505K
S RN, S R N CRELHS F g, TR RS
IRPREEA N & 1R SRS, I e & B O 4 & 1R SIS,
L RR I TAT I AR AL S R F B, (HIFAR

2) VR R T BN, RVE R I R IR R R
IR AGET, miEE 5EGEEMXT B RS
TR BT S B RS E IRAS A AR, mgVE R 1
KIS, 15 DU

3) TR EIEHIIE AR, IR vER T
HWAF TS 52 EEXTHEETE.
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Abstract

Zero-determinant strategy can set unilaterally or enforce a linear relationship on opponent’s income, thereby achiev-
ing the purpose of blackmailing the opponent. So one can extort an unfair share from the opponent. Researchers often
pay attention to the steady state and use the scores of the steady state in previous work. However, if the player changes
his strategy frequently in daily game, the steady state cannot attain easily. It is necessary to attain the transient income
if there is a difference in income between the previous state and the steady state. In addition, what will happen if
evolutionary player encounters an extortioner? The evolutionary results cannot be proven, just using the simulations in
previous work. Firstly, for the iterated game between extortioner and cooperator, we introduce the transient distribution,
the transient income, and the arrival time to steady state by using the Markov chain theory. The results show that the
extortioner’s payoff in the previous state is higher than in the steady state when the extortion factor is small, and the
results go into reverse when the extortion factor is large. Furthermore, the larger the extortion factor, the harder the
cooperation will be. And the small extortion factor conduces to approaching the steady state earlier. The results provide
a method to calculate the dynamic incomes of both sides and give us a time scale of reaching the steady state. Secondly,
for the iterated game between extortioner and evolutionary player, we prove that the evolutionary player must evolve
into a full cooperation strategy if he and his opponent are both defectors in the initial round. Then, supposing that the
evolutionary speed is proportional to the gradient of his payoff, we simulate the evolutionary paths. It can be found
that the evolutionary speeds are greatly different in four initial states. In particular, the evolutionary player changes
his strategy into cooperation rapidly if he defects in the initial round. He also gradually evolves into a cooperator if he
cooperates in the initial round. That is to say, the evolutionary process relates to his initial behavior, but the result
is irrelevant to his behavior. It can be concluded that the zero-determinant strategy acts as a catalyst in promoting

cooperation. Finally, we prove that the set of zero-determinant strategy and fully cooperation is not a Nash equilibrium.

Keywords: zero-determinant strategy, snowdrift game, stationary distribution, transient income
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