540 5 1) R K E R ¥R Vol .40 No.1
2023 4E 2 H Journal of East China Jiaotong University Feb. , 2023

X EHS:1005-0523(2023)01-0034-10

ETRENFINMEEIETERERMELIETFST &

H A x) HL X BAH, FAE

(AR A0 K27 22 il s i TR 7 B, VL7 7§ 5 330013)

?ﬁﬂ% KT TR IR A ESTAR , MERNARIZETF S5 BUF B E 0T RE e TR SF a3 # S ah 488
AT oM, BEAMASGAZREAN, EHSERT ARSI LERADESNLBNG , A RGEEHERTE, E#E

RN DESERNDESRLENHN T, BEHLT ARG ES LEHELENH THARETF; MARETFENEETTH

Z B BT RIEBCR A Hh, LA LR 0 4 REAER 2 A B,

KR ML WEF &, ELENH R T  BUF RS

FE S S . U492;F542 XHEAREG A

AXE AR H T ) H 3 EAH,F. A T LEMR G MARIEF & BEE KR E T FE o)) 4 A& i X5 54,2023,

40(1):34-43.

Evolutionary Game Analysis of Regulating Strategy Based on
Reward and Punishment Mechanisms

Gan Weihua, Liu Zheng , Liu Yanan , Li Chunzhi
(School of Transportation Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract . The rapid development of the online freight platform in recent years has brought great convenience to
the freight market, meanwhile some regulatory problems have occurred for the governments. Based on evolution-
ary game theory, with the introduction of reward and punishment mechanisms, an evolutionary game model be-
tween online freight platforms and government regulators is constructed, and the stability of their equilibrium
points is analyzed. The results show that under static punishment, there is no equilibrium stability point in the
system, no matter whether the reward mechanism is static or dynamic; under the static reward dynamic punish-
ment and dynamic reward and punishment mechanism, both sides tend to reach a stable equilibrium point, and
the effect is better under the dynamic reward and punishment mechanism; the online freight platforms” behavior
is affected by the governments reward and punishment mechanism, and the binding effect of the punishment
mechanism is more significant.
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Tab.1 Related symbols description

Symbols Significance and description
x Probability of online freight platform companies choosing to operate in compliance.
% Probability of government regulators choosing to actively regulate.
pi The probability of irregular development of the online freight platforms.
C, The cost of compliance operations for online freight platforms, C,=0.
C, The cost of active regulation by government regulators, C,=0.
R, The benefits of the online freight platforms when choosing Strategy 0,,R,=0.
R, The benefits of the online freight platforms when choosing Strategy 0,,R,=0.
Cr The liability cost when the online freight platforms develops irregularly.
k Liability costs sharing coefficient.
w Rewar(.ls for online freight platform companies to operate in compliance when the government regulators actively
supervise , M =0.
P The punishment of online freight platform companies operating in non —compliance when the government

regulators actively supervise, P=0.
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Tab.2 Revenue matrix of regulatory gaming parties of
online freight platform

Online freight Government regulators

platform Active supervision  Passive supervision
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Tab.3 Determinants and traces of each equilibrium point
in Scenario 1

Equlllbrlum det J w]
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Tab.4 Analysis of the stability of each equilibrium point
in Scenario 1

Equilibrium point det J tr J Stability
(0,0) - Uncertain Saddle point
(0,1) - Uncertain Saddle point
(1,0) - Uncertain Saddle point
(1,1) - Uncertain Saddle point
(%0,%0) + 0 Instability point
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Tab.S Analysis of the stability of each equilibrium point
in Scenario 2

Equilibrium point  det J trJ Stability
(0,0) - Uncertain Saddle point
(0,1) - Uncertain Saddle point
(1,0) - Uncertain Saddle point
(1,1) - Uncertain Saddle point

(x1,91) - 0 Center point
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Tab.6 Analysis of the stability of each equilibrium point
in Scenario 3

Equilibrium point det J trJ Stability
(0,0) - Uncertain  Saddle point
(0,1) - Uncertain Saddle point
(1,0) - Uncertain  Saddle point
(1,1) - Uncertain Saddle point
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Tab.7 Analysis of the stability of each equilibrium point
in Scenario 4

Equilibrium point det J trJ Stability
(0,0) - Uncertain ~ Saddle point
0,1) - Uncertain  Saddle point
(1,0) - Uncertain ~ Saddle point
(1,1) - Uncertain  Saddle point
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Tab.8 Initial parameter assignment
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Fig.2 The evolutionary path of both parties’ strategies under the four reward and punishment policies
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