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Abstract: RMSEs (rural micro and small enterprises) absorb the rural surplus labor force for employment and
entrepreneurship, which is an important economic growth point in rural areas in the future. However, RMSEs
have narrow financing channels and difficult financing problems, which hinder the development of the rural
economy. If RMSEs want to develop sustainably, they need to find effective financing channels. RMSEs no
longer use traditional means of financing through commercial bank loans but are looking for newer financing
modes, such as online loan platforms, investors, and so on. This paper takes RMSEs as the main body, RMSEs
target rural commercial banks, online loans, and investors as funding instruments, and through building a
benchmark model of the evolution game between funding instruments and RMSEs, banks, based on the per-
spective of green credit other investors industry competition and market regulatory mechanisms and to build
a control model of credit risk of RMSEs to reduce the credit risk of RMSEs.

Keywords: RMSEs; game theory; credit risk; green credit

1. Introduction

Against the backdrop of China’s vigorous promotion of its rural revitalization strategy,
RMSEs, as an essential part of rural economic development, are the backbone of the rapid devel-
opment of the rural economy. China’s rural areas have a large number of microenterprises, which
have made significant contributions to rural employment and economic growth, but RMSEs still
suffer from many problems in the process of development, such as small scale of enterprises, poor
operating capacity, etc., due to the lack of a complete and convincing credit record, insufficient
property mortgage strength, opaque finances, and high loan operation costs of financial institutions
make RMSE:s difficult and expensive to obtain financing. These problems have also become bot-
tlenecks, restricting their development and growth. How to ensure the healthy development of
RMSEs has a bearing not only on the structure of the main body of enterprises in the socialist
market economy but also on the rate of economic growth in China. At present, the results of China’s
latest national economic census show that the overall number of RMSEs in China has continued to
increase, the business market has been improving, and the enterprise industry chain is more widely
distributed. RMSEs have become an important and indispensable part of China’s overall socio-
economic market development. China’s small and micro-enterprises ensure their own survival or
development. However, in the process of development, the phenomenon of rural small and micro-
enterprises cannot be collected at the end of the financing of the phenomenon of loans. In green
finance credit support for micro and small enterprises, there have also been various credit “crises”.
As more than 70 percent of urban residents and more than 80 percent of rural residents in the
national employment market rely on RMSEs for their survival, once a credit “crisis” occurs in
RMSEs’ financing and lending, not only will third-party investors suffer losses, but it will also
result in turbulence in the development of the market economy and an increase in the pressure on
employment.

RMSEs include rural small enterprises, rural micro-enterprises, family workshops, and rural
individual industrial and commercial households. According to the classification of RMSEs by
industry in the 2019 China Statistical Yearbook, while the number of retail legal entities among
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rural microenterprises is on an upward trend, its employment at the end of the year. The number of
people has shown a decreasing trend in recent years. With the use of statistics and mathematics
found in the assessment of credit risk in RMSEs, domestic and foreign research scholars use the
method of accurate measurement and prediction (Boushnak et al., 2018). Credit risk, which is the
risk that the counterparty will not honor its obligations as they fall due. The expert scoring method
is the earliest method to quantitatively analyze the credit risk of RMSEs. Scholar Thomas proposed
the “5C method”, which is the most commonly used expert scoring method (Breeden, 2021). In
recent years, under the impact of various environments, foreign research on RMSEs has been dif-
ferent from Berger and Black, who pointed out through research that the current behavior of larger
banks in the United States is to increase financing investment for RMSEs (Mhlanga, 2021). Since
2019, foreign scientists from Evita Hayatun Nufus have begun to focus on the analysis of the credit
risk of rural micro- and small enterprises in the environmental impact of COVID-19 (Blanco-Oliver
etal., 2021).

With the growth of the Internet, the RMSEs develop rapidly, resulting in the development of
a series of problems at the same time, attracting a number of Chinese scholars to pursue successive
research. RMSEs are also involved in the development of the financing process, China has a char-
acteristic urban and rural structural system for scholars to bring innovation in the direction of re-
search (Nufus et al., 2021). Peng Lu (2018) used an improved BP neural network approach to model
the credit risk of rural microenterprise business financing (Peng, 2018). Tan Xiaofen & Zhang Hui
(2018) studied the credit analysis of RMSEs based on the improved GSO (Generic Segmentation
Offload) and ELM (Extreme Learning Machines) integrated algorithm (Tan & Zhang, 2018). Zhu
et al.(2019) studied the error back-propagation (BP) establishment (SME), which is mainly used in
connection with the supply chain management budget model, which is used to discuss the major
factors affecting micro and small enterprise financing as well as the benefits of supply chain budg-
eting (Zhu et al., 2019). Solving the expense problem of small and medium enterprises and the
support vector machine is mainly based on solving major credit risks such as poor information
transparency in small and medium-sized enterprises (Shi et al., 2019). In their research on the credit
risk of RMSEs, taking rural areas as an example, Kuang et al. (2020) used the logic model to focus
on the analysis of rural microenterprises, which is significant to improving the strength of rural
microenterprises (Kuang et al., 2020). Abdel-Basset et al. (2020) made an empirical analysis of
RMSEs (textile industry), using metrics, prediction methods, and a logistics model to build a supply
chain finance for the credit risk of rural enterprises (Abdel-Basset et al. 2020). RMSEs credit risk
credit status and corresponding supply chain combined. Yang et al. (2021) built a vector machine
model and analyzed the unique real estate enterprises in the supply chain to verify the credit risk of
RMSEs (Yang et al., 2021).

In general, relevant scholars currently use a variety of methods to analyze the credit risk game
of RMSEs, which has opened up fields and circles for the research of RMSEs. The types of credit
risk can be divided into Counterpart Default, Probability of Default (PD), Loss Severity (LR, Loss
Rate, RR, Recovery Rate, Exposure Risk (EAD, Exposure At Default), and Settlement Risk. Spe-
cifically, existing research results provide a better foundation for this study. In terms of credit risk
evaluation system, supply chain, financing banks, and other aspects, the credit status and financing
status of rural microenterprises are studied. Supply chain, financing banks, etc., to study the credit
status and financing status of small and micro enterprises in rural areas (Fang, 2022; He & Hu,
2018). Advantages of the current research on RMSEs: avant-garde vision, novel ideas, deep theo-
retical research, advanced technology. But its disadvantages are the integration of the general en-
vironment, cross-border thinking, which is more difficult in practice, and the use of technology,
which is easy to involve in enterprise privacy issues. Both domestic and foreign countries have
improved the research technology of RMSEs, innovated new data models, and proposed relevant
decisions, but they have not proposed relevant post-control plans (Pratama et al., 2016; Serrano-
Cinca et al., 2016; Shi et al., 2016; Wang et al., 2016). On research methods, it is the combination
of support neural network and supply chain finance, constructing models, adopting quantitative
analysis, GSO and ELM integration algorithms, based on blockchain technology, and so on. It can
be found through the literature study that only a small number of scholars studied the plight of
RMSE combined with the current global economic situation and the environment of the post-epi-
demic era in decision-making analyses. However, there are relatively few studies on the supply
chain credit risk of rural small and micro-enterprise retailers (Jones et al., 2015; Li et al., 2018;
Meng & Chi, 2015).

This paper proceeds from the research idea of “questioning—analyzing—solving”. This study
uses a variety of methods, including literature research, a questionnaire survey, which is commonly
used, tripartite evolutionary game theory, and Python model verification (Gray & Rumpe, 2017;
Singh & Hess, 2020). This study explores the game analysis of credit risk in the government and
banks RMSEs with micro and small enterprises under the perspective of green credit. Green credit
is often referred to as sustainable finance or environmental finance. The purpose of this paper is to
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analyze the game between sustainable supply chain retailers RMSE and commercial banks in the
post-epidemic environment. Starting from the target object, this study explores the credit status of
small and medium-sized enterprises (SMEs), conducts a game analysis relying on the SFC (Space
Filling Curve) of data credit, proposes an analysis of the credit risk of RMSEs which is targeted at
rural micro-enterprises. Then, this study uses the logistic regression method to find out the credit
risk control factors affecting RMSEs, so as to build a control model. Finally, this study proposes
an adjusted decision-making plan for the control factors from the appropriate perspective (Kotarba,
2016).

2. Materials and Methods

Through the analysis of all kinds of related literature, it was found that the use of classical
game theory and its proposed assumptions relative to the evolution of game theory, in the “com-
plete” logic, which does not show a good equilibrium dynamic game, can’t be more rationalized to
highlight the changes in the form of the social market economy, therefore, to better evolve the law
of change. The evolutionary dynamic mechanism of differential equations was proposed by Taylor
and Jonker in 1978. This paper constructs an evolutionary game model, which is based on a set of
differential equations, among RMSEs, third-party investors, and government regulators. This paper
mainly explores that RMSEs can be third-party investor participation and government regulation
of RMSEs. Three-party investors mainly for RMSEs through capital financing, borrowing, loans,
etc. for RMSEs to provide paid capital transactions, such as banks, investors, and other borrowers.
Government regulators can mainly realize the regulation of RMSEs and third-party investor regu-
lators.

Compared with previous research scholars, this paper focuses on as following. Firstly, in order
to make a discussion of the three-party in the evolutionary game theory, this study analyzes the
strategy of the stability of the game point. This paper first introduced the government regulation as
well as the profile of the third-party investor and the credit risk of RMSEs and the third-party in-
vestor between the existence of the investment behavior. Secondly, Lyapunov The first method
analyzes the stability of the assumptions, pure strategy replication dynamic system, and equilibrium
point of the mixed strategy, to obtain the conclusion of the evolution of the stable strategy combi-
nation under different conditions. Thirdly, this study uses Python to analyze the control model for
the different initial conditions, and conclusions verification. Finally, this study gives corresponding
recommendations.

The production capacity and risk-bearing capacity of RMSEs play a decisive role in the credit
risk of RMSEs. This paper constructs an evolutionary game model among RMSEs, third-party in-
vestors, and government regulators, as shown in Figure 1.
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Figure 1. A three-party credit risk progression diagram using game theory in rural small and micro companies.

2.1. Basic Assumptions

Based on the online questionnaire data, it is discovered that in order to construct the tripartite
evolutionary game model, care must be taken to guarantee that the parties’ decisions are stable, and
that the equilibrium point reaches stability in the face of a changing decision-making environment.
The ensuing presumptions are made in light of each factor.

(1) Hypothesis 1

The evolutionary game model includes three subjects, such as RMSEs, third-party investors
(banks, investors, other investors), and government regulators, naming three subjects as participants
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1, 2, and 3, respectively. The optimal strategy stability points in the three evolved strategies evolve
over time.

(2) Hypothesis 2

Low credit risk for MSMEs represents a high repayment capacity and low-risk index in green
credits, in contrast to high credit risk for MSMEs, which represents a weak repayment capacity and
a high-risk index. The strategic space of RMSEs a = (o, 02) = (low credit risk, high credit risk),
and is selected with probability x a,, (1-x) choose with probability a,, x € [0,1]; The strategy space
of the third-party investor is = (B, B2) = (rejection of investment, intention to invest), its selection
1 probability is y, and the selection {3, probability is (1-y) , y € [0,1] ; The strategy space of the
government regulatory department y = (yl, y2) = (strict regulation, lax regulation), and is selected
with probability z yi, (1-z) selected with probability y,, z € [0,1].

(3) Hypothesis 3

The income of small and micro enterprises in rural areas is R, the cost of rural microenter-
prises with high credit risk is Cypn, and the cost of rural microenterprises with low credit risk is C,
Cph > Cp. When RMSEs produce products, government departments regulate them, and the prod-
ucts are tested and qualified. When RMSEs have high credit risk, they will seek investment from
third-party investors to obtain more funds, and the cost of seeking investment is B, B < Cyp - C1.
The speculative costs incurred will be for the speculative behavior of the products produced by
RMSEs, where the main business management costs are falsification of production records and
false and illegal publicity, etc., and let the speculative costs of RMSEs be C,.

(4) Hypothesis 4

RMSEs can have more liquidity through the funding of third-party investors, and the third-
party investor will also receive a return on the investment return of V.. When the credit risk of
RMSE:s is high, if the third-party investor has an intention to “refuse to invest”, the financing will
fail. If the investor “intends to invest”, the two-party will engage in investment behavior. Investors
can help RMSEs with low credit risk to access capital, and then RMSEs are successful in financing.
The speculative cost of a third-party investor's intended investment is C;, which includes the cost
of advancing rural MSME funding gaps and enhancing information security.

(5) Hypothesis 5

When the pressure of government regulation is very high, if RMSEs are at high credit risk,
they will be fined F, by the government regulator, and third-party investors who have taken the
intention to invest in rural microenterprises will be fined F accordingly. RMSEs are rewarded M,,
if they are at low credit risk and M; is given to third-party investors who refuse to invest. If the
government regulator, loosens or deregulation, because there is no decision-making data for both
rural microenterprises and investors, for this reason, the government regulator is unable to judge
and exercise the responsibility of rewards and punishments, set C, be the cost of strict government
regulation.

(6) Hypothesis 6

In rural areas, small and micro enterprises with low credit risk are conducive to economic
development and social stability and will have a corresponding social benefit value A, to society
and government. When RMSEs are at high credit risk and have reached an agreement with a third-
party investor to invest, high credit risk RMSEs financing enters the market, which affects employ-
ment stability and economic development, and costs the government the cost of maintaining social
stability and regulating RMSEs D,. Government regulators adopt a lax regulatory strategy, result-
ing in inadequate supervision, and high credit risk. RMSEs financing into the market situation, the
higher-level regulators will be the lower level of the exercise of responsibility of the government
regulators on the corresponding punishment, set Ty is the amount of administrative penalties of the
higher level, Ty > C,.

2.2. Model Parameter Setting

Based on the above assumptions, the mixed strategy game matrix among rural small and micro
enterprises, third-party investors, and government regulators is shown in Table 1.
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Table 1. Three-way mixed-strategy game matrix.

Regulatory authorities

i t ; . .
fvestor z keep under strict supervision 1 — z Lax regulation
refuse to
. i t
Low credit Iriz:;ifor}l’al Rp — Cph + Mp, Vt + Mt' —Cg — Mp — Mt + Ag Rp — Cpht Vtt Ag
risk x investment Rp = Cpp + Mp, Vy = G — F, =Cg — Mp + Fe + Ag Rp = Con, Ve — G, Ag
RMSEs Iy
refuse to
High credit inve.st y —Cpn —Cp = Fp, Vi + M, =Cg + Fp — M —Cpn — Cp, V1, 0
risk] — x Intentional Rp - Cph - Cp — Bt —Fp, Vi = C + B — Fy, _Cg Rp - Cph - Cp — B, Vi = C;
investment +Fp+F— D, +By, —Dg — Ty
-y

2.3. Model Analysis
(1) Analysis of the stability of rural small and micro enterprise strategies

(Ei1, Eio, E1) represents the expected return for RMSEs with high credit risk, the expected
return with low credit risk, and the average expected return, respectively, relative to:

E,=yzR,-C,+M,J+y(1-2)[R,-C,]+(A-y)z[R,-C,, +M ]+ (1-»)(1-2)[R,-C,]
E,=2(1-y)R,~B)-C, ~C,—F,]+(1-2)[(1-y) R, ~B)~C,, +C,] (1)
E, =xE, +(1-x)E,
Replicating dynamic equations:
F(x)=dx/dt
= x(xE), - Fy) )
=x(x-D[C,, ~C,; ~C, =B, ~ y(R, = B,)~z(F, + M )]

The first-order derivatives of X and the set G(y) are respectively:

d(F(v))

dx :(2x_1)cph_Cpl_CP_Br_y(RP_Bt)_Z(Fp+M1J) 3)

G(¥)=C,=C,=Co =B, —y((R,—B,)—z(F,+M,)) (4)

According to the law of stability of differential equations, rural MSME:s are in a steady state
for low credit risk must satisfy: F(x) = 0 and dF((x))/dx < 0. Since 0G(y) / dy < 0, G(y) is a de-
creasing function with respect to y. Therefore: at that time, y = [Cpn— Cpi — C, — By — z(Fp + Mp)] /
(Rp — By) =y*G(y) = 0, dF((x))/dx = 0, this is an uncertain strategy; at that time, y < y*G(y) > 0, at
this time dF((x)) / dx|x=0 <0, x = 0 is the evolutionary stable strategy of (ESS) RMSEs; conversely,
x =1 is ESS. The strategy evolution phase of RMSEs Figure, as shown in Figure 2.

. D O

> > [

e

.1=}. * _}'(_l SR -}.>} =

Figure 2. Phase diagram of strategic evolution of RMSEs.
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The above figure shows that the probability of a RMSEs being at a stable low credit risk is
calculated as the volume A of V4, the probability of being at a stable low credit risk is calculated
as the volume A, of Vau:

1nC,-C,-C,—B, —Z(Fp+Mp)
Val [, 55 dzd
2(¢,,-C,~C,-B)-(F,+M,) (5)
- 2(R,-B,)
Vi =1=-V,

Corollary 1: The probability of a RMSEs being in a low credit risk state is positively related
to the RMSEs’ production and marketing revenues, investment costs, speculative costs, and gov-
ernment incentives and penalties, and is negatively related to the costs saved by the RMSEs’ high
credit risk.

Proof: Based on the expression for the probability of a RMSEs being a low credit risk, Va
the first-order partial derivatives of each element are obtained as: find the first-order partial deriv-
atives of each factor, we get: & YA /R, > 0, & VA /6(F,;4+M,) > 0, 8 V42 /6C, > 0, & VA2 /3(Cpn — Cp1)
<0, therefore, an increase in Ry« Biv (Fp + M,) or a decrease in Cp, — Cp will increase the proba-
bility of a RMSEs being at low credit risk.

Corollary 1 shows that safeguarding the income from production and sales of RMSEs can
prevent them from being exposed to high credit risk. The government can improve the strength of
rewards and penalties in the exercise of supervision, which will effectively reduce the probability
of high credit risk for small and micro enterprises in rural areas and can also use high-tech means
to increase the speculative costs of RMSEs with the help of external forces, which will be conducive
to the reduction of credit risk for rural microenterprises.

Corollary 2: The probability of low credit risk for rural microenterprises increases as the prob-
ability that the game generates investor “refusals” and strict regulation increases.

Proof: In the analysis of the decision-making of RMSEs, z < [Cyp — Cp1 — Cp — Bi— y(R;, - B)]
/ (Fy+M,), y <y" when, G(y) > 0,d(F(x))/dx|y=o < 0, then x=0 is an evolutionary strategy;
conversely, x=1 is an evolutionary strategy. Thus, as y, z gradually increase, the stabilisation strat-
egy for RMSEs increases from x = 0 (Low credit risk) to x = 1 (high credit risk).

Corollary 2 indicates that increasing the likelihood of refusal to invest generated by third party
investors will contribute to the reduction of credit risk in RMSEs, making it low credit risk as an
accurate decision. Increasing the probability of strict supervision by government regulators can
effectively ensure the credit risk of rural microenterprises. Or ensuring the rigor of third-party in-
vestors, such as the third-party investor’s own sense of responsibility, social responsibility, external
assistance, etc. can effectively ensure that the rural microenterprise’s credit supervision, to achieve
the credit risk of rural microenterprises, the social management of the atmosphere of the co-man-
agement.

(2) Strategic stability analysis of third-party investors

The expected return Ea1, Exs, E2 of the third-party investor who chooses to decline to invest
and intends to invest is the average expectation:

Ey =x[z(V,+M,)+(1-2)V, [+(1-x)[z(V,+ M,)+(1-2)V, ]
By =xz(V,-C = F)+(1-2)(V, =C )+ (1-0)V, = C, + B, - zF] (6)
E_zzyEzl +(1_y)E22

Replicating the dynamic equations and the corresponding first-order derivatives from (6):

F(y)=dy/dt = y(xE, —E,) = y(y=D[(1-x)(B, = M,) = 2(F, + M,) - C, @)
d(F(»))

d_y:(zy_1)[(1—x3,—z(Fp+M,))—q] @®)
SetJ(z)=(1-x)B,—z(F, +M,)-C,] 9)

Based on the stability of the differential equation, it is known that to stabilize the probability
of a third-party investor rejecting an investor, it is necessary to achieve: F(y)=0 and dF((y)ydy<O0.
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Since J (z) is negatively correlated. Therefore: at that time, z = (1 — x)B, — T iiv[ 5= z*](z) = 0,
t t

dF((y)) / dy =0, F(y) = 0, the third-party investor cannot determine the stable strategy; at that time,
7z <z'J(z) > 0, dF((y)) / dyly = <0, it is y=0ESS; at that time , z>z"y = 1 it is ESS. The evolution
phase diagram of third-party investor strategies is shown in Figure 3.

z=z¥ >z z2<z®
Figure 3. Third-party investor strategy evolution phase diagram.

From Figure 3, the volume C; of Ve represents the probability of strict regulation by the

government regulator, and the volume C, of Ve represents the probability of lax regulation. As
follows:

VFy+F,+T,—C,—x(M,+F,+T,)

1
Vo =1 dxdy
ol (F,+M,+T,-xT,)
M, +F T, M,,+F,,+Cg+(Mp+FP)(M,+E) ln(l-l- T, J )
2
T, T, T M, +F
_ Mp+Mt+Cg+(Mp+FP)(M,+E) (e L ) M AF
“ T, T Mt +Ft T,

Corollary 3: Fines for rural MSEs and administrative fines for lower-level regulators will be
an additive function of strict government regulation, while fines for third-party investors and rural
MSEs will be a subtractive function of strict regulation, and fines for third-party investors will be
a function of a large number of factors that cannot be determined.

Proof: The first-order partial derivatives of each of the elements are obtained separately for

0Vei /0B <0, 0 Vi /OM; > 0, 0 Vs: /OF; > 0, 0 VB /0C; > 0. Thus, a decrease in B and an
increase in M, F; and C; increase the probability that a third-party investor will refuse to invest.

Corollary 3 suggests that when third-party investors earn a large return on their investments,
the government should strengthen strict regulation of third-party investors. In addition, by improv-
ing the professionalism of investors and expanding the media’s disclosure efforts, the speculative
costs of third-party investors’ investments can be increased, and their speculative behaviors can be
reduced in the interest of the third-party investors. Severe penalties can effectively protect the cap-
ital recovery of third-party investors, as well as the credit risk of RMSEs, and can also take incen-
tives to help their financing.

Corollary 4: During the game, as the probability of strict government regulation increases, it
increases the probability of speculative behavior by third-party investors who refuse to invest.

Proof: on the basis of the stability of third-party investors’ decisions, y = 0 is ESS when z <
z5 Xx<B(~M—Ci—z(F,+M)/(B\—M)=x",y=0;z>7",x>x";y=11is ESS when z> 7',
x > x". Therefore, when x. z becomes bigger and bigger and y = 0 appears when the third party
investor refuses to invest up to y = 1, then x, z, and y are positively correlated.

Corollary 4 suggests that the decision-making behavior of third-party investors will be influ-
enced by rural MSMESs and government regulators. The government to increase strict supervision,
RMSEs to reduce credit risk for low credit risk probability can promote third-party investors to
refuse to invest as a stable strategy. For this reason, the strict supervision of government regulators,
in favor of rural small and micro-enterprise industry economic development, to protect the interests
of third parties, to protect the normal operation of RMSEs, incentives for RMSEs in the mode of
production and operation, the introduction of corresponding policies and other measures.
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(3) Analysis of the stability of government regulators’ strategies Esi, Esa, E2, are the expected
returns to strict regulation, the expected returns to lax regulation, and the expected returns to aver-
age regulation by government regulators, respectively:

E, =-C,+x4, —xM, —yM, +(1—x)FP +(1—y)E -(1-x)(1-y)D,
Ey, = x4, —~(1=-x)[0+1-y)D, -T,)] (1)
]:T3 =zE, + (l —z)E32

(9) is the replicated dynamic equation for the regulator, (12) is the first order derivative, and
(13) is the hypothetical H(y):

F(z)=dz/dt=z(z=)[C, —F, —F, - T, +x(M, + F, +T, )+ y(M,+ F,+T,)-xyT,]  (12)
d(F(2))/dz=(22-1)[C, = F, = F, =T, +x(M, + F, +T, )+ y(M, + F, +T,) =T, | (13)

H()=C,~Fy - F~T, +x(My Fo T, )+ (M, 4 E 4T, ), 14

g

OH(y)

When government regulation is entirely strict: F(z) = 0 and dF((z))/dz < 0. Because of oy
> 0 that H(y) It is positively correlated with y. Therefore: when y = F, + Fi+ T, — C, —
X(Mp + Fp + Tp)
(Mt +Fi+ Tg - XTg)

wheny <y"™, H(y) <0, dF((z)) / dz|,-0 <0, z= 1, is ESS, on the other hand z = 0 is ESS Government
regulatory department phase diagram, as shown in Figure 4.

=y™, H(y) = 0, dF((z)) / dz = 0, the stable strategy cannot be determined;

/

y=yEE yyEE Yoy
Figure 4. Phase diagram of the strategic evolution of government regulatory agencies.

From Figure 4, the probability of strict regulation by the government regulator is the same as

the volume Ve of Cy. The volume V< of C; is the same as the probability of lax regulation by the
government regulator.

VFy+F+T,—C,—x(M,+F,+T,)

1
V. = dxd
¢ ,[o.[o (FI+M,+Tg—ng) g
(15)
_ M, +F 4T, M, +F,+C, +(MP+FP)(Mf+E)]ln(1+Mz+Fl)
2
T Ty T T,
V., = M”+M’+Cg+(M"+FP)(MI+Ft) In| 1+ L | M th (16)
¢ T, I, M+F) T,

Corollary 5: The probability of tough measures by government regulators is related to many
factors. Among them, government fines for RMSEs and administrative penalties for ineffective
government regulation will increase the probability of tough regulation. Conversely, government
regulators’ incentives for drug manufacturers and third-party investors reduce the likelihood of
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E(1, 0, 1),E (0, 1, 1),E(1, 1 1),E9[0,

tough measures. Moreover, the relationship between the amount of government fines imposed on
third-party investors and the probability of strict regulation is complicated by a number of factors.

Proof: According to V¢, find the first-order partial derivatives of each element respectively.
Since 1 = M+ Fi+ Cy <In(1 + Ty / M + Fy) < To/M; + F,, we get 0 Vo / OF > 0(st (M, + M + Cy)
—(Mt+Ft+Cg)>0),8VC1/8MP<0, 8Vc./8Mt<0, 6Vc|/6Tg>0, SO (Mg+Mt+Cg)—(Mt+Ft
+ Cg) > 0 when, F; increases, can Ve increase. In addition, Fi. T, increasing or M« M, decreasing
can increase the regulatory stringency rate of government regulatory authorities.

Corollary 5 suggests that there are a number of factors that contribute to strict regulation by
government regulators. On the one hand, the higher the fine set by the government regulator, the
stricter the government regulation; on the contrary, the higher the amount of reward, the lower the
rate of strict government regulation. On the other hand, higher administrative penalties imposed on
regulators by higher levels of government may motivate regulators to strictly fulfill their regulatory
duties. In addition, increasingly strict government regulation may cause third-party investors to
refuse to invest, thus reducing the high credit risk of RMSEs in the market and improving the
operational stability of social RMSEs.

Corollary 6: In the evolutionary process, the rate of strict regulation by government regulators
decreases as the rate of low credit risk or refusal to invest by third-party investors in RMSEs in-
creases. Proof: Through the analysis of the evolutionary stability of the strategic choices of gov-
ernment regulatory agencies, it can be concluded that when y < y**, immediately, x < [(1 — y)(F, +
Ty) + (Fp— Cg—yMo] / (M, + F, + T, — yTy) z =1 it is an evolutionary stable strategy; as y and x
increase, the probability of strict government supervision decreases from z =1 As small as z =0,
so z decreases as y and x increase.

Corollary 6 shows that the strict supervision rate of government regulatory authorities is af-
fected by the strategic choices of RMSEs and third-party investors. When the credit risk of RMSEs
is low or the probability of third-party investors refusing to invest is high, government regulatory
authorities may reduce strict supervision, resulting in a lack of supervision. Therefore, government
regulatory authorities should strengthen the supervision of RMSEs and third-party investors to en-
sure the rigor and stability of supervision, thereby maintaining market order and protecting con-
sumer interests.

(4) Stability analysis of the equilibrium point of the three-party evolutionary game system
From F(x) =0, F(y) = 0, F(z) = 0 the system equilibrium point can be obtained:

M: (Bt _Ct)(F; +Mr)Ja
M, +F+T,

E,((F,+F,+T,~C,)/F,+M,).E,((F,-M,~C,)/F,+M,), 1, (C,,—~C,~C,=R,)/(¥F,+M,)),

E,((B,-C)/B,

(€, -C,-C,—R)/(R,-B)),

E,((B,-M,-F,-C)/B, (C,~-C,~C,~B,~F,—~M,)/(R,-B,), 1)

Because of x, y, z € [0,1], then

Eg ~ E i3 under certain conditions, existence is meaningful, and because of (Cpn — Cpi — Cp, —
R;) <0, it is E;; meaningless. The Jacobian matrix of the third-party evolutionary the game system
is:

_6F(x) 6F(x) GF(x)

I, ox oy oz

J: A 8F(y) 8F(y) aF(y)

5 oJ g ox oy oz

7 ’ ’ 5F(z) aF(z) 8F(z) (17)
| Ox oy oz |

y(y=1)[-F-M]z(z=1)[ F, + M, +T, - yT, |

(2x-1)[-C,,—C, - B, y(R, B, )~ =z(¥, + M) x(x-1)[B,-R)] x(x=1)(-F,-M,)
y(y—l)[—Bt] (2y—1)[(1_x)_Br_Z(E+Mr)_ct] y(y-1)

According to Liapunov’s first rule, the equilibrium point of a dynamical system is asymptot-
ically stable when the real part of all eigenvalues of the Jacobi matrix is negative (Matt et al., 2015).
The equilibrium point is unstable if the real part of at least one eigenvalue of the Jacobi matrix is
positive. If the real part of the Jacobi matrix is negative except for the real part of the eigenvalues,
which is zero (Altaf & Shah, 2018; Ma & Ma, 2020; Vives, 2019), the equilibrium point is in a
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critical state and its stability cannot be determined by the sign of the eigenvalues (Deloof & Rocca,
2015; Huang et al., 2019). Therefore, the stability of the equilibrium point of the system can be
determined by analyzing the eigenvalues of the Jacobi matrix. As shown in Table 2.

Table 2. Equilibrium point stability analysis.

. . Stability
Jacobian matrix eigenvalues .

equilibrium point conclusion condition
d M, A2, Az real part sign

E. = (0,0,0) Cpl—Cph+Cp+Bt+Ct,Fp+Tg+Ft—Cg (- -4 ~ \
E, =(1,0,0) Con — Cp1 — C, — B, Fi—Cy — Mp (+° + > x) ~ \
E;(0>1>0) Coi — Cpn + C, — R, Fy = M—C, (+° + > x) ~ \

C;—Cypn+C,+B.+Ci+Mp,M,+F,+C,—B,C, —F, — F
E4(0 v 0 > 1) pl ph p _tT t Py Mt t t t g p t (_ s _) ESS ®
g
E5(1 » 1> 0) Cph—cp]—cp—Rp,—Cg_Mp— Mt, (— = —) ESS \
E6(1’0’1) Cph_Cpl_Cp_Bt_Fp_MP’Ft+ Mt+ct,Cg+MP_Ft, (X’+’ X) ~
Conh — Cpi —C, =R, = F, — Mp, =F, — M — C,,

Eg(1:1-1) Cy+ M, + Mp (= =+ ~ \
Eo(0,y, * z1) ap, M =23 = JY1(1 —y,)Fe+ M)zy(1 = z1) (M, + F + Ty) (=°0-0) ~ @
Elo(Xl,O ’ Zz) 32,7\2 = )\3 = \/Xl(l _Xl)(Fp + Mp)Zl(l - Zl)(Mp + Fp + Tg) (— > 0> 0) ~ ®
Ell(xz'yz » 0) az, Ay = —A3 = \/Xz(l - XZ)(Rp + Bt)Yz(]- —¥,)Bt x> +-) ~ @
E12(X3'Y3 ’ 1) aphy = -3 = \/X3(1 - X3)(Rp + Bt)Y3(1 —¥3)Bt x> +-) ~ ®

Note: x means uncertainty and means instability, X1, X2, X3, Y1, Y2, V3, Z1, Z2 are the coordinates of the corre-
sponding equilibrium point respectively. If the conditions corresponding to the equilibrium point are not met,
the equilibrium point is unstable or meaningless. OCpi — Cpn + Cp + By + Ci + Mp < 0 @a; <0, Fp — Cg <My, By
~Mi—F—Ci<0®a<0,Fi— C¢g <M, Coh—Cp — Cp— Bi—Fp—Mp <0 @B — C¢> 0, Cph — Cp1 — Cp — Bt >
0®B—Mi—F—Ci>0,Cpoh—Cpi—Cp—B¢>0

Corollary 7: When Cp— Cpn + Cp + By + C; + M, <0, Bi+ M, + F + C; <0, there are two stable
points in a replicated dynamic system E4(0, 0, 1), Es(1, 1, 0).

Proof: According to Table 2, the conditions are met at this time @, so E4(0, 0, 1) and Es(1, 1,
0) are the asymptotic stable points of the system. If the conditions @ ®do not meet the situation,
the equilibrium point Eo(0, yi, z1) is Eio(x1, 0, z2) worthless. If all conditions @ ®apply, the equi-
librium point Ei1(x2, y2, 0), E12(X3, y3, 1) is an unstable point.

Corollary 7 suggests that when government penalties and incentives are not sufficient to in-
fluence the strategic choices of RMSEs and third-party investors, or when rural MSEs have high
credit risk and high returns to speculation, and when third-party investors have high returns to rent-
seeking, the initial point of choice for tripartite investors should be determined (high credit risk,
willingness to rent-seeking, low credit risk, no rent-seeking, light regulation). At this point, gov-
ernment regulation is ineffective in restraining the behavior of RMSEs and third-party investors,
and RMSEs with high credit risk jeopardize the stability of the social enterprise market. In order to
avoid a combination of stabilization strategies (i.e., the high credit risk of RMSEs, strong rent-
seeking intentions of third-party investors, and a low rate of strict regulation by the government
regulator), the regulator needs to set fines or incentives sufficiently large to make the incentive and
penalty mechanisms effective. This can influence the strategic choices of rural MSMEs and third-
party investors, thereby increasing the rate of strict supervision by government regulators and
avoiding the emergence of regulatory deficiencies.

Corollary 8: When Fj, + M, > Cy, — Cpi — C, — B¢ > 0, M + F; > B; — C; > 0 When, the system
has at least one stable point Es(1, 1, 0), and F, — M; > C,, F; — M, > C,; when it is satisfied, the
replica dynamic system has and has only one stable point Es(1, 1, 0).

Proof: When F;, + M, > Cpn — Cpi — Cp, — B> 0, M + F > B — C; > 0 When, according to Table
2, does not meet the conditions @, ®, it is an unstable point and is E4(0, 0, 1) Ei2(x3, y3, 1) mean-
ingless; in this case, if it meets the conditions @, it E »(x3, y3, 1) is an unstable point; conditions @,
®they require more factors to judge. When we add another condition Fy, — M, > C,, Fi— M, > C,
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the condition @, @is not satisfied, and at this time Eq(0, y1, z1), E10(x1, 0, z2) It makes no sense that
there is only one stable point in a replicated dynamic system Es(1, 1, 0).

Corollary 8 suggests that the amount of rewards and penalties limited to government regula-
tors should be higher than the amount of respective behavioral returns of RMSEs and investors, so
as to ensure the emergence of behavioral combinations in the game among the three (low credit
risk of RMSEs, investors’ willingness to seek rent and strict supervision by the government). And,
RMSEs cost income, cost of regulation, and government regulators in the exercise of the process
of ineffective, government regulators will also suffer the amount of administrative penalties, the
amount of change in the evolution of the game for the results of the impact. Furthermore, the gov-
ernment will be in accordance with the RMSEs under the set reasonable requirements, set the cor-
responding rewards and penalties rules, and effectively reduce the number of times the equilibrium
point of the mixed strategy occurs. For example, the cost of the government regulatory department
is less than the difference between the amount of fines for RMSEs and the amount of incentives for
investors. It can be seen that the reasonable design of the government regulatory mechanism rules
can effectively protect the social market credit stability of small and micro enterprises in rural areas
and promote the steady development of all types of enterprises.

3. Results

Using Python tools, assignments are made in conjunction with the questionnaire values to
verify the stability of the conclusions obtained from the evolutionary game, and the strategy model
is analyzed. Obtain array 1, which satisfies the conditions in Corollary 8 above: R, = 150, Cyn — Cpi
=85, Cp, =10, B, =40, F, =40, M,, = 20, F =20, M; = 15, C; =10, C, =15, T, = 40. Based on the
above array 1 R, ~ B; ~ Fi » M ~ M, ~ T,, Analyze the impact on evolutionary game processes and
outcomes.

First, R, as an analysis of the changes that will have an impact on the game process and results,
Rpthree numerical values are assigned. as follows R, =100, 150, 200, running through Python, you
can get the data model after the game evolves 50 times, as shown in Figure 5 below.

Figure 5. Income Impact Chart of RMSEs.

As can be seen from the above figure, the overall result tends to a stable point in the process,
when the increase in the overall benefits received by RMSEs ensures a stable rate of evolution of
credit risk in RMSEs. As R,, increases, the probability of low credit risk of RMSEs increases, then
the probability of strict regulation will reduce. Therefore, when the government regulators super-
vise RMSEs, they should do strict supervision of the credit risk of RMSEs, which focuses on the
control of some remote areas and rural areas with relatively difficult operation and relatively low
returns and can moderately relax the control of the operating status of rural microenterprises to
ensure the credit risk of rural microenterprises.

When B analyzing the changes in the evolutionary game, yes By assignment, B, = 20, 40, 60,
the running results are shown in Figure 6.
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Figure 6. Investment cost impact diagram.

The investment cost impact diagram shows that as B the credit risk of RMSEs rises, the prob-
ability of low credit risk is gradually increasing, and the probability of third-party investors’ invest-
ment behavior of “rejecting investment” is also decreasing. In order to ensure that the credit risk
stability of RMSEs plays a role in the market, government regulatory authorities can use the ability
of social media disclosure to enhance the impact of the credit risk reputation of RMSEs and increase
investment in RMSEs where credit risks arise. costs, increasing the probability of producing low
credit risk.

Next, assigned respectively F; = 0, 20, 40, and the analysis model results are shown in Figure
7.

0.8

0.6

0.4 4

02

0.0

0.6
0.2 02 U4 ox

Figure 7. Government’s influence on third-party investors.

Figure 7 shows that before the credit risk of RMSEs is low and the credit risk is stable, in-
creasing, the probability of government regulatory authorities implementing strict supervision in-
creases. When the credit risk of RMSEs is low, the credit risk probability tends to be stable. F; After
1, the probability of strict government regulation gradually decreases and stabilizes at 0, and F; an
increase will increase the probability of third-party investors’ “rejection of investment” behavior.

Assigned respectively M; =0, 15, 30, the analysis model results are shown in Figure 8.
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Figure 8. Government’s influence on RMSEs.

As the impact of government regulatory departments on RMSEs M, increases, the rate of strict
supervision by government regulatory departments will decrease during the implementation pro-
cess. In order to prevent fixed payments, government regulatory authorities should adopt reasona-
ble reward and punishment measures and convert payments to third-party investors into rewards.
This can encourage third-party investors to assume the responsibility of protecting the social enter-
prise economy and promote economic stability.

Then assigning M,, values to respectively. M,=0, 20, 40. The model generated after running
the results 50 times is shown in Figure 9.

f’-“
10 1 ¥ Tg=20
To=40
0.8 g
1z ; ——— T00
06 [
z 7 i
0.4 7 '
0.2 :
" 1.0
00 0.8
1.0
0.4 0.2
¥ 0.2
0

Figure 9. The impact of weak government supervision.

The graph of government supervision Figure 9 shows that when the game tends to a stable
value, as M, the increase in, the rate of strict government supervision will decrease, and the rate of
third-party investors taking “rejection of investment” behavior will increase.

For T, assignment, Tg=20, 40, 70, the running model diagram is shown in Figure 10.
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Figure 10. The result of array evolution 50 times.

Figure 10 shows that the credit risk of RMSEs is low. After the credit risk stabilizes at 1, T,
it rises, and the probability of strict government supervision increases. It can be seen that although
the government’s regulatory reward and punishment mechanism can ensure the stability of the
credit risk of RMSEs, it does not facilitate the government regulatory authorities to supervise them-
selves during the supervision process. Administrative rewards and punishments implemented by
higher-level governments can enable regulatory authorities to increase the rate of strict supervision
and further improve the robustness of credit risks of RMSEs.

Array 1 can provide the basis required in Corollary 6. Assign array 2: R, = 150, Cop — Cpi =
105, C, =10, B;= 50, F, =25, M, = 15, F; = 18, M =12, C; = 10, C; = 15 which meets the require-
ments in Corollary 5. The values change according to time and evolve 50 times. The running results
are shown T, =40 in Figure 11.

0.6
04 y

0.8 0.2
1.0 00

Figure 11. Array 2 evolution 50 times results.

50 evolutions of array 2 shows in the figure that Fio(xi, 0, z») it is an unstable point in the
equilibrium point. It can be concluded that the behavior value of the state Gy combination point at
this point is (low credit risk, refusal to invest, and loose supervision), which is consistent with the
results of Corollary 6, under the condition (D, there are two stable points in the operating data: (0,
0, 1) and (1, 1, 0), the corresponding stable strategic behavior combinations are (high credit risk,
intention to invest, strict supervision) and (low credit risk, refusal to invest, loose supervision).
Therefore, government regulatory authorities must establish a complete information network to
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help understand the interests of RMSEs and third-party investors, promptly adopt rewards and pun-
ishments for both, and promptly avoid the harm of excessive credit risks of RMSEs. The phenom-
enon of economic stability of small and micro enterprises in rural areas. It can be seen that the
control model analysis and stability analysis of various strategies are the same and highly efficient,
which has practical guiding significance for credit risk management of RMSEs.

4. Discussion and Implications

Given the status of small and micro enterprises in rural growth, the following research is con-
ducted in this paper. DInvestigate the process of correlation between the influencing factors, pin-
point the primary factors impacting the credit risk of rural small and micro businesses, and establish
a foundation for the ensuing game assumptions. Examine the primary elements influencing the
credit risk of small and micro businesses in rural locations, taking into account the information
team's reputation, moral hazard, the enterprise’s own environmental impact, the external environ-
ment, and credit reward and punishment mechanisms; @Through the method of evolutionary game
theory, combined with the collected relevant data, Combining theory with practice, establish rele-
vant game analysis models, make basic assumptions, and conduct detailed analysis of the partici-
pants, information, probabilities, and strategies in the assumptions, taking the retail industry enter-
prises in RMSEs and various subjects of credit risk issues as examples The main research object is
to use game analysis to build a decision tree, analyze the relationship between various subjects,
achieve game equilibrium, and obtain relevant information from the results of game analysis to
provide relevant basis for proposing relevant and effective countermeasures on how to control the
credit risk of RMSEs; 3 Analyze the final conclusion, build a control model, and propose relevant
and effective control strategies for the credit risk of RMSEs.

Considering the possibility of credit risk investment behavior of RMSEs and third-party in-
vestors, this paper builds an evolutionary game theory by using the evolutionary game theory on
the credit risk of RMSEs and their decision-making role of the three “RMSEs, third-party investors
and government regulators”, discusses the stability of decision-making among the three, and then
verifies the validity of the conclusions obtained by participating in the control model. In evolution-
ary game theory, the stability of the six combinations, as well as the relationship between the inter-
action of the various elements, and then the conclusions obtained, participation in the control model
to verify the validity of the conclusions, to give the credit risk of RMSEs and the third-party invest-
ment behavior resulting in the stability of the portfolio of strategies to meet the corresponding con-
ditions, and the influence of the relationship between the various factors and the stability of the
requirements of the rural microenterprises on the issue of credit risk to put forward the relevant
strategies. The strategy is proposed to the credit risk of small and micro enterprises in rural areas.

The main conclusions are as follows: government regulators, by increasing the strength of
incentives and penalties will be conducive to the stabilization of the credit risk of rural microenter-
prises, but on the contrary, to increase the strength of incentives and penalties will have a negative
impact on the exercise of government responsibilities. In order to maintain the overall market en-
vironment, where the credit risk of rural microenterprises tends to stabilize the state, the relevant
government departments should be consistent in their adjustments to the incentives and penalties
mechanism, allowing them to gain less than the incentives and penalties. An important means to
increase the stability of the credit risk of RMSEs is the accountability of the higher level of leader-
ship of the government to the supervisory authorities for their own lack of responsibility. In addi-
tion, the growth of RMSEs’ own industry revenue is also an effective means to avoid the occurrence
of high credit risk in RMSE:s.

5. Conclusions

The issue of how to address small and microbusiness financing challenges in rural areas is
one that requires consideration during the development process. To solve this dilemma, we must
first focus on solving its root cause. The credit risks faced by rural microenterprises must be taken
seriously. No matter which method RMSEs adopt to finance, credit risk plays a crucial role. There-
fore, the analysis of credit risks of RMSEs is crucial. Explore the factors that influence the devel-
opment of credit risks in RMSEs, analyze pertinent factors, use games, and compare the ideas and
characteristics of these businesses with traditional credit risks from various perspectives and sce-
narios. The analytical method is to conduct a targeted analysis of the key causes of credit risks in
RMSEs, and thereby propose targeted control strategies and build a control model for research.

During the research process, this article only considered the credit risks of RMSEs in their
own operations and the credit risk supervision issues caused by investors under the conditions of
information asymmetry and limited rationality. It ignored the part that small, and micro businesses
play in the market in rural areas. In the face of different market turbulences, the robustness of credit
risks caused by unexpected phenomena has declined, and the impact of the game order of each
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subject during the game has not been taken into account. Therefore, it is possible to appropriately
involve influencing factors such as feedback from objects participating in the consumption behav-
ior of rural microenterprises, improve the evolutionary game model under the participation of con-
sumers involved in rural small microenterprises, and study the operation of rural microenterprises
in the face of the market environment. The changes in the existing credit risk can provide innovative
thinking and suggestions for the follow-up research to explore and analyze the credit risk game of
rural microenterprises.
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