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Abstract

In the traditional snowdrift game, it is usually assumed that all betrayers are punished. However,
in the actual marketing environment, the punishment budget of enterprises is usually limited, so it
is particularly important to consider randomly selecting a certain proportion of betrayed custom-
ers for punishment. In this context, we explore the introduction of the segmented punishment mech-
anism into the multi-person snowdrift game model, focusing on its impact on the evolution of coop-
eration. Our purpose is to study the application of piecewise penalty mechanism in snowdrift game,
and analyze the deterministic stability and stochastic stability of the equilibrium point. The results
show that in the deterministic case, whether it is a two-person or multi-person snowdrift game, the
proportion of collaborators increases with the increase of the penalty ratio, thus more effectively
promoting cooperation and brand loyalty in the market. This finding provides theoretical support
for enterprises to design flexible punishment strategies, helps to optimize customer relationship
management in resource-constrained situations, and improves the trust and user satisfaction of e-
commerce platforms.
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Figure 1. Replication dynamic equation of two-person snowdrift
model
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Figure 2. Two-person snowdrift model changes with time
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Figure 3. Potential function of two-person snowdrift model

3. MASHAREME R

0.7 T T T

06

0.5

0.4

0.3

0.2

X(1X)(f, )

0.1
o A

-0.1

02 . . . . . . . . .
0 01 02 03 04 05 06 07 08 09 1

Figure 4. Replication dynamic equation of N-person snowdrift
model

4N NEHEBNEHIZSHE

DOI: 10.12677/ecl.2025.142635 1163 N E o


https://doi.org/10.12677/ecl.2025.142635

fhitAy, FohE

0.05
———-s=0.1
s=0.2
0.045 {f =03
0.04 [ 1
"\;/ 0.035 et e ——————
0.03
XUl
0.025 -
0.02 L
0 2 4 6 8 10 12 14 16 18 20

Figure 5. N-person snowdrift model changes with time (s = 0.1,
0.2,0.3)
[E 5. N A\ SR BT EI T IE S (s = 0.1, 0.2, 0.3)

1.05
=04

09

0.8

Figure 6. N-person snowdrift model changes with time (s = 0.4)

&l 6. N A\ SR BUpERTE T IE S (s = 0.4)

21 x, =0.05 NI & A = MNAFFPRAS: s=011 KRG H&HET] x=0.0223 L, s=02 &
G ZHE x = 0.0268 T, s=0.3M RGHmLHEME] x =0.0351 fti. WK 6, s=04 M RFHAEHIL
B x =1FT . HRIE X, Xor, Xer M X =L IIRNK R, B 50 RIVIE T LLBIER OB RESE & 1E 2 1 L], BkRE
AR, EASH: ¢=10, N=40, b=15, p=05.

6. D&

ARSCWTT T 73 BOESIHLR T 0 SON NS HERIZRE L PR ST SN, X r &2 55 &
PREAL BN o 75 FL 17 55 U, C2C M1 B2B S5 A, 15 2 58 Z 1M M A AEX TR M A8 5 R
HESR A B AR AN & AT R A A e A BB S AR, T A ss . AMER 2 5 AR A 28 1)
F > AT AEESZ RIS o I AR, AR R 7 ARG O T ME— R E VAR e SO I A7 AR 21
BN T T ANBENUREE AT e B BUE T, AP TTEL IR, BRI A 1R B Eel, AT (R RE A
PEs RN BRAIE 1 7 N B AL 5 S T 38 FA e — LG S T B R T i . S T HER SR LL, AL

DOI: 10.12677/ecl.2025.142635 1164 1T 5508


https://doi.org/10.12677/ecl.2025.142635

fhi A, /e

INT 73 BT, BT T AR ST LL B k3 A T HE R b pseme, SEmIIE s 7 55 e A S
SEGHIBLSERE DL XN 55T G B S BB S &AL (el 62 5% 2RISRt 7B

IR B A 5o
B

IR A KT R 5 5t R L L
E&UH

AHEMNEHE ITRFREES@ RS KY 7[2021]1088 5, BEE KY 7[2022] 301). M4 IfiTE 2%
5% 18 1 3£ 4> (No. 2021BS005) %5 1) .

BE K
[1] Nowak, M.A. (2006) Five Rules for the Evolution of Cooperation. Science, 314, 1560-1563.
https://doi.org/10.1126/science.1133755

[2] Trivers, R.L. (1971) The Evolution of Reciprocal Altruism. The Quarterly Review of Biology, 46, 35-57.
https://doi.org/10.1086/406755

[3] van Veelen, M., Garcia, J., Rand, D.G. and Nowak, M.A. (2012) Direct Reciprocity in Structured Populations. Proceed-
ings of the National Academy of Sciences, 109, 9929-9934. https://doi.org/10.1073/pnas.1206694109

[4] Nowak, M.A. and Sigmund, K. (1998) Evolution of Indirect Reciprocity by Image Scoring. Nature, 393, 573-577.
https://doi.org/10.1038/31225

[5] Wedekind, C. and Milinski, M. (2000) Cooperation through Image Scoring in Humans. Science, 288, 850-852.
https://doi.org/10.1126/science.288.5467.850

[6] Santos, F.P., Pacheco, J.M. and Santos, F.C. (2016) Evolution of Cooperation under Indirect Reciprocity and Arbitrary
Exploration Rates. Scientific Reports, 6, Article No. 37517. https://doi.org/10.1038/srep37517

[7] Dawkins, R. (1976) The Selfish Gene. Oxford University Press.

[8] Wilson, D.S. (1975) A Theory of Group Selection. Proceedings of the National Academy of Sciences, 72, 143-146.
https://doi.org/10.1073/pnas.72.1.143

[9] Lieberman, E., Hauert, C. and Nowak, M.A. (2005) Evolutionary Dynamics on Graphs. Nature, 433, 312-316.
https://doi.org/10.1038/nature03204

[10] Su, Q. Li, A, Wang, L. and Eugene Stanley, H. (2019) Spatial Reciprocity in the Evolution of Cooperation. Proceedings
of the Royal Society B: Biological Sciences, 286, Article 20190041. https://doi.org/10.1098/rspb.2019.0041

[11] Gneezy, A. and Fessler, D.M.T. (2011) Conflict, Sticks and Carrots: War Increases Prosocial Punishments and Rewards.
Proceedings of the Royal Society B: Biological Sciences, 279, 219-223. https://doi.org/10.1098/rspb.2011.0805

[12] Hilbe, C. and Sigmund, K. (2010) Incentives and Opportunism: From the Carrot to the Stick. Proceedings of the Royal
Society B: Biological Sciences, 277, 2427-2433. https://doi.org/10.1098/rspb.2010.0065

[13] Botta, R., Blanco, G. and Schaerer, C.E. (2024) Discipline and Punishment in Panoptical Public Goods Games. Scientific
Reports, 14, Article No. 7903. https://doi.org/10.1038/541598-024-57842-0

[14] BNE. EARIMAMA T EEF S EEEAVIHIE R[] BRI 1EE, 2024, 13(2): 3255-3561.
[15] ZEEiK. AFLNERA FE TSI RENAEZIRI]. BF R4 IEE, 2024, 13(2): 857-862.

DOI: 10.12677/ecl.2025.142635 1165 CIREE RN


https://doi.org/10.12677/ecl.2025.142635
https://doi.org/10.1126/science.1133755
https://doi.org/10.1086/406755
https://doi.org/10.1073/pnas.1206694109
https://doi.org/10.1038/31225
https://doi.org/10.1126/science.288.5467.850
https://doi.org/10.1038/srep37517
https://doi.org/10.1073/pnas.72.1.143
https://doi.org/10.1038/nature03204
https://doi.org/10.1098/rspb.2019.0041
https://doi.org/10.1098/rspb.2011.0805
https://doi.org/10.1098/rspb.2010.0065
https://doi.org/10.1038/s41598-024-57842-0

	分段惩罚机制的广义N人演化雪堆博弈模型在电子商务平台中的应用
	摘  要
	关键词
	The Application of Generalized N-Person Evolutionary Snowdrift Game Model with Segmented Penalty Mechanism in E-Commerce Platform
	Abstract
	Keywords
	1. 引言
	2. 模型
	3. N人雪堆博弈均衡点的确定性稳定分析
	4. N人雪堆博弈均衡点的随机演变稳定性分析
	随机演变博弈模型的稳定性分析

	5. 数值分析
	6. 总结
	致  谢
	基金项目
	参考文献

