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Abstract: Due to limited guarantees, it is difficult for small and medium-sized enterprises (SMEs) to
obtain loans from banks. Supply chain accounts-receivable pledge financing (SCARPF) can help in
overcoming those financing difficulties. This study developed an evolutionary game model of banks,
core enterprises and SMEs in SCARPF, analyzed the evolution path and evolution rules of the model,
and performed a numerical simulation. The results indicated that the result of the evolutionary game
depends on the initial values of the variables. When certain conditions are met, the system will evolve
to (lending, keep the contract). The higher the return rate during either normal production of SMEs,
the loan interest rate or supply chain punishment, the more likely it is that banks will lend money
and SMEs will keep the contract. However, the bank will only be likely to lend money, enabling
SMEs to keep the contract, when the probability of core enterprises and SMEs engaging in joint
loan fraud—or the proportion of the benefits that SMEs share when engaging in joint loan fraud—is
reduced. The results of this study provide insights for banks, core enterprises, and SMEs in supply
chain financing decisions, which is conducive to solving the financing difficulties of SMEs.

Keywords: supply chain accounts-receivable pledge financing; small and medium-sized enterprises;
supply chain financing; evolutionary game

1. Introduction

With the impact of the Coronavirus pandemic in 2019 (COVID-19), small and medium-
sized enterprises (SMEs) are facing serious problems such as tight cash flow, slow progress
in resuming production and work, and a sharp decline in foreign trade orders. Therefore,
they are in urgent need of financing assistance. However, it is difficult for SMEs to obtain
loans from banks due to their own development restrictions [1–3]. According to China’s
small, medium and micro enterprises’ Financial Services Development Report, the difficult
and expensive financing situation faced by SMEs, lacking mortgages and guarantees in
bank financing, can hardly be improved in a short period of time [4]. Barkley et al. [5]
conducted a credit survey on 3459 SMEs in the United States and found that 47% of SMEs
need to apply for financial assistance. There is a similar case in developing countries, where
financing difficulties are also a common problem for many SMEs [6,7]. About half of the
SMEs in developing countries have applied for financial assistance [8]. However, only 4.7%
of working capital loans and 23.3% of bank loans in China are issued to SMEs [9].

To solve the financing problem of SMEs, supply chain financing has been extensively
studied [10]. Among supply chain financing models, the supply chain accounts-receivable
pledge financing (SCARPF) model is the most widely used model [11]. SCARPF is a
financing method in which borrowers transfer accounts receivable to banks and other
institutions to obtain bank loans. It is conducive to the settlement of corporate triangle
debts and the alleviation corporate financing difficulties. In SCARPF, it is urgent to study
how to make strategic choices for SMEs to obtain more financing opportunities, and how
to make strategic choices for participants to obtain more profits. Therefore, this paper
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uses the evolutionary game theory to analyze the participants’ selection of strategies in
SCARPF. Conditions under which the bank will lend money, wherein the SME and the core
enterprise will keep the contract, are obtained. Through this paper, we strive to provide
suggestions for SMEs to obtain more financing resources, and also provide guidance for
other participants in the supply chain.

The remainder of this paper is organized as follows: Section 2 discusses related
literature, Section 3 builds and analyzes the evolutionary game model, Section 4 provides a
numerical simulation, Section 5 presents the research results, and conclusions are given in
Section 6.

2. Literature Review

Supply chain financing is a financial management method that allows funds in the
supply chain to flow, thus improving the value of the entire supply chain [12]. Jing
and Seidmann [13] view supply chain financing as a process of optimizing supply chain
management around core enterprises. Caniato et al. [14] believe that supply chain financing
can solve the problems of the corporate credit crunch and increase financing costs. Based
on the above research, supply chain financing is a financing activity aimed at solving the
financing difficulties of the upstream and downstream companies in the supply chain,
and increasing the value of supply chain members. Supply chain financing can effectively
reduce information asymmetry between borrowers and lenders, and improve the efficiency
of SMEs’ financing in the supply chain [12,15]. However, SCARPF, as the most widely used
supply chain financing model, has not received enough attention. Therefore, this paper
focuses on SCARPF, which will help to enrich the research on supply chain financing.

Game theory is often used by researchers to build and solve models in the supply
chain management area. In the field of supply chain financing, game theory is also widely
used [16–18]. Yan et al. [19] established a two-stage Stackelberg game model consisting of
the retailer, the manufacturer and the bank, and analyzed the interdependence between the
business decisions and financial decisions of the retailer. Zhao and Duan [20] used game
models to study the coordination mechanism of supply chain financing, and analyzed
the decision-making problems of suppliers, retailers and banks. Gao et al. [21] used the
Stackelberg game to analyze the optimal decision of each participant based on the P2P
supply chain financing platform, under the condition of uncertain demand. Bank financing
and trade credit financing in the supply chain are compared [22,23]. Yang et al. [24] studied
the decision of whether a manufacturer with limited funds, as a new entrant in the supply
chain, should choose retailer financing or bank financing. Luo et al. [25] studied whether
retailers with limited funds should carry out manufacturer financing or bank financing
and obtained the corresponding conditions. An et al. [26] studied green credit financing
in the supply chain and found that the manufacturer maximizes profits through green
credit financing from the bank. The government can set different carbon emission caps to
achieve a win–win situation for social welfare and manufacturer profits. Existing research
mainly studies optimal decision making under supplier financing, retailer financing and
bank financing from a completely rational perspective of supply chain members [27,28].

The above research is based on the complete rationality of supply chain members,
but the supply chain members in reality are bounded rational. Therefore, it is necessary to
study the strategic choices of the supply chain members from the perspective of bounded
rationality. The evolutionary game theory assumes that the players in the game are bounded
rational. It is believed that the players cannot respond quickly and optimally to changes
in information, and the behavior of the players is a process of dynamic adjustment [29].
Few works of literature use evolutionary game methods to study finance in the supply
chain [30,31], and studies of SCARPF have not been found.

The literature most relevant to our paper is summarized in Table 1. In contrast to the
literature that studies capital-constrained manufacturers or retailers, this paper conducts
supply chain finance analysis directly from the perspective of SMEs. This paper uses
the evolutionary game method to study the strategic choices of SCARPF participants,
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which can obtain more realistic decision-making results. The innovation of this paper is to
construct a tripartite evolutionary game model of the bank, the core enterprise and the SME,
and consider joint loan fraud between the core enterprise and the SME. The stability of
the system is analyzed, providing meaningful insights for the dynamic strategic evolution
process of supply chain members.

Table 1. Comparison of the related literature.

Literature

Supply Chain
Member Behavior Financing Subject Game Participants Joint Fraud

Perfectly
Rational

Bounded
Rational Manufacturer Retailer SME Two Sides Tripartite Yes No

[19]
√ √ √ √

[20]
√ √ √ √

[21]
√ √ √ √

[22]
√ √ √ √

[23]
√ √ √ √

[24]
√ √ √ √

[25]
√ √ √ √

[26]
√ √ √ √

[30]
√ √ √ √

This paper
√ √ √ √

3. Evolutionary Game Analysis of SCARPF
3.1. Business Process of SCARPF

This study focused on the supply chain in which SMEs provide parts for core enter-
prises. Figure 1 shows the business process for the SME to carry out SCARPF. The specific
process is as follows:

1. The SME trades with the core enterprise to generate accounts receivable;
2. The SME in the upstream of the supply chain submits an application for SCARPF to

the bank;
3. After receiving the SME financing application, the bank confirms the creditor’s rights

to these accounts receivable to the downstream core enterprise;
4. After the creditor’s rights to the core enterprise’s bill are confirmed, the bank and the

SME will sign an agreement on financing matters to lend to SMEs. At the same time,
the SME establishes a collection account in the bank and informs the core enterprise;

5. The core enterprise will transfer the accounts receivable to the collection account by
the due date of the agreed financing period;

6. The bank will liquidate the financing and transfer the remaining funds to the SME
after deducting the income.
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3.2. The Strategic Space of Supply Chain Members

In the process of supply chain financing, neither banks nor SMEs are entirely rational.
That is, neither agent can reach the Nash equilibrium through a single game. Therefore,
this section attempts to analyze the equilibrium state of the game model from the perspec-
tive of an evolutionary game, which aims to present a theoretical basis for banks and SMEs
to jointly form a good financing relationship.

In the evolutionary game of SCARPF, the strategic space of the bank is (lending,
no lending). “Lending” refers to the bank making lending decisions after receiving financ-
ing applications from the SME. “No lending” means that the bank makes a decision not
to lend after receiving the financing application from the SME. The strategic space for the
SME is (keep the contract, break the contract). “Break the contract” means that the SME
refuses to repay the principal and interest of the bank when the core enterprise transfers
account receivable to the collection account. “Keep the contract” means that when the core
enterprise transfers the account receivable into the collection account, the SME agrees with
the bank to deduct the principal and interest, in order to make liquidation treatment. Due
to the fact that in reality, it is impossible for the core enterprise to default on the premise
that the creditor’s rights have been confirmed, the core enterprise is more concerned about
joint loan fraud with the SME. The strategic space of the core enterprise is (joint loan fraud,
no joint loan fraud). “No joint loan fraud” means that the core enterprise transfers the
accounts receivable to the collection account after the agreed financing period is reached.

3.3. Model Specification

In the early days of SCARPF, it was difficult for participants to pursue a balanced
development of their own interests. Therefore, it was necessary to make decisions according
to their own needs during the difficult trial and error process, allowing participants to
explore each other during the dynamic game process and optimize their choices. To develop
an effective evolutionary game, the following assumptions are made:

(1) The total number of accounts receivable of the SME is A. The rate of return for normal
production of the SME is r1. The rate of return for normal production of the core
enterprise is r2.

(2) The bank’s pledge rate for accounts receivable is λ. The interest rate is r0. The financing
period is 1 year. The supervision cost of a single SCARPF is C (C < λAr0). The proba-
bility that the bank chooses the lending strategy is x (0 ≤ x ≤ 1), then the probability
that the bank chooses the non-lending strategy is 1− x.

(3) The unilateral breach of the contract by the SME has caused losses in the credit-
worthiness of the core enterprise. The core enterprise will punish the SME, that is,
punishment from the supply chain, such as reducing cooperation opportunities or
terminating cooperation, which is recorded as F. Due to the unilateral default of the
SME, based on the confirmation of the creditor’s rights of the core enterprise bill,
the core enterprise must pay M (0 < M < λA( 1 + r0)) to the bank according to the
agreement. The probability that the SME breaks the contract is y (0 ≤ y ≤ 1), and the
probability that the SME keeps the contract is 1− y.

(4) The probability of core enterprise and SME joint loan fraud is α (0 ≤ α ≤ 1).
The benefits of core enterprise and SME joint loan fraud will be distributed between
the SME and the core enterprise. The proportion of the benefits received by the SME
is β (0 < β < 1). The proportion of benefits received by the core enterprise is 1− β.

(5) The SME can obtain financing to produce, and due to the important position of the
core enterprise in the business of the SME, the SME will give priority to meeting the
procurement needs of the core enterprise. At the same time, the SME will supply the
core enterprise in a fixed cycle and fixed batch. SCARPF is based on the confirmation
of the creditor’s rights relationship of the core enterprise, so when the SME can obtain
financing, it will meet the core enterprise’s procurement needs. However, when the
SME unilaterally breaks the contract, it will not supply the core enterprise.
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When the SME chooses the strategy to keep the contract, the fraud of the joint loan
becomes meaningless. Therefore, considering joint loan fraud should be based on the
premise that the SME will default. Therefore, feasible strategy combinations are: the bank,
the SME (lending, keep the contract); the bank, the SME (no lending, keep the contract);
the bank, the core enterprise, the SME (lending, no joint loan fraud, break the contract);
the bank, the core enterprise, the SME (no lending, no joint loan fraud, break the contract);
the bank, the core enterprise, the SME (lending, joint loan fraud, break the contract);
the bank, the core enterprise, the SME (no lending, joint loan fraud, break the contract).

Based on the above assumptions, the incomes of each participant under different
strategy combinations are obtained:

(1) When the bank decides to lend to the SME, the SME can also keep the contract when
the core enterprise transfers the accounts receivable to the collection account. That is,
the strategic combination of the bank and the SME is (lending, keep the contract).
At this time, the three-party income expressions of the bank, the core enterprise and
the SME are λAr0 − C, Ar2, λA(r1 − r0), respectively.

(2) When the bank decides not to lend to the SME, due to the constraints of procurement
contracts between the SME and the core enterprise, and considering the impact of the
core enterprise on the business of the SME, the SME will still give priority to meeting
the procurement needs of the core enterprise. The strategic combination of the bank
and the SME is (no lending, keep the contract). At this time, the three-party income
expressions of the bank, the core enterprise and the SME are 0, Ar2, 0, respectively.

(3) When the bank decides to lend to the SME and there is no joint loan fraud between
the core enterprise and the SME, the SME unilaterally breaks the contract. In this
case, the strategic combination of the bank, the core enterprise, and the SME is (lend-
ing, no joint loan fraud, break the contract). At this time, the three-party income
expressions of the bank, the core enterprise and the SME are −λA(1 + r0)− C + M,
−Ar2 −M, λA(1 + r0)− A− F, respectively.

(4) When the bank decides not to lend to the SME, the SME unilaterally breaks the
contract. That is, the strategic combination of the bank, the core enterprise, and the
SME is (no lending, no joint loan fraud, break the contract). At this time, the three-
party income expressions of the bank, the core enterprise and the SME are 0, −Ar2,
−A− F, respectively.

(5) When the bank decides to lend to the SME, and there is joint loan fraud between
the core enterprise and the SME, the strategic combination of the bank, the core
enterprise, and the SME is (lending, joint loan fraud, break the contract). At this time,
the three-party income expressions of the bank, the core enterprise and the SME are
−λA(1 + r0)− C, λA(1 + r0)(1− β), λA (1 + r0) β, respectively.

(6) When the bank decides not to lend to the SME and there is no joint loan fraud between
the core enterprise and the SME, the strategic combination of the bank, the core
enterprise, and the SME is (no lending, joint loan fraud, break the contract). At this
time, the three-party income expressions of the bank, the core enterprise and the SME
are 0, 0, 0, respectively.

According to the above combination of strategies, the income of the bank, the core
enterprise and the SME can be summarized in Table 2.
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Table 2. The payoff matrix of the evolutionary game.

SME Core
Enterprise Bank

Break the Contract (y)
Keep the Contract

(1−y)Joint Loan Fraud (α) No Joint Loan Fraud
(1−α)

Lending (x)
−λA(1 + r0)− C −λA(1 + r0)− C + M λAr0 − C
λA(1 + r0)(1− β) −Ar2 −M Ar2

λA(1 + r0)β λA(1 + r0)− A− F λA(r1 − r0)

No lending (1− x)
0 0 0
0 −Ar2 Ar2
0 −A− F 0

3.4. Stability and Evolution Path Analysis

Suppose that the expected return under the bank’s lending strategy is u11; the expected
return under the bank’s no lending strategy is u12; the total expected return is u1; and the
bank’s replication dynamic equation is Fx. From Table 2, we can obtain the income of the
bank that chooses to lend or not lend, then:

u11 = y(α[−λA(1 + r0)− C] + (1− α)[−λA(1 + r0)− C + M]) + (1− y)(λAr0 − C) (1)

u12 = 0 (2)

Therefore, we can obtain:

u1 = xu11 + (1− x)u12 = x((λAr0 − C)− y[λA(1 + 2r0)− (1− α)M]) (3)

The bank’s replication dynamic equation is:

Fx =
dx
dt

= x(u11 − u1) = x(1− x)((λAr0 − C)− y[λA(1 + 2r0)− (1− α)M]) (4)

Suppose that the expected return of the SME strategy to break the contract is u21;
the expected return of the SME strategy to keep the contract is u22; the total expected return
is u2; and the SME’s replication dynamic equation is Fy. From Table 2, we can obtain
the income of the SME choosing to break the contract or keep the contract. Similarly,
the replication dynamic equation of the SME can be obtained as:

Fy =
dy
dt

= y(1− y)(−(1− α)(A + F) + xλA[(αβ− α + 1)− r0(αβ− α + 2)− r1]) (5)

The evolutionary game reaches the equilibrium state when both Equations (4) and (5)
reach zero. Make Fx = 0 and Fy = 0. Therefore, there are five equilibrium points for
the game: E1 (0, 0), E2 (0, 1), E3 (1, 0), E4 (1, 1), and E5 (x∗, y∗). When (1− α)M −
λA(1 + r0) − C < 0 and λA[(αβ− α + 1) + r0(αβ− α + 2)− r1] − (1− α)(A + F) > 0,
E5 (x∗, y∗) is an equilibrium point.

x∗ = (1−α)(A+F)
λA[(αβ−α+1)−r0(αβ−α+2)−r1]

, y∗ = λAr0−C
λA(1+2r0)−(1−α)M in the above equation.

The equilibrium point E3 (1, 0) is the expected result of banks and SMEs. That is,
the bank will lend to the SME and the SME will keep the contract. Supply chain members
can gain more profits through SCARPF.

The stability analysis of the above five equilibrium points can be judged by the
determinant and trace of the Jacobian matrix of the system [32]. By conducting partial
derivatives of x and y in Fx and Fy, we obtain the Jacobian matrix. Remember the Jacobian
matrix symbol as J:

J =

 ∂Fx
∂x

∂Fx
∂y

∂Fy
∂x

∂Fy
∂y

 (6)
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In the matrix above:

∂Fx

∂x
= (1− 2x)((λAr0 − C)− y[λA(1 + 2r0)− (1− α)M]) (7)

∂Fx

∂y
= x(x− 1)(λA(2r0 + 1)− (1− α)M) (8)

∂Fy

∂x
= y(1− y)λA((αβ− α + 1) + (αβ− α + 2)r0 − r1) (9)

∂Fy

∂y
= (1− 2y)((α− 1)(A + F) + xλA[(1− r0)(αβ− α + 1)− r0 − r1]) (10)

For a discrete system, only when the determinant (det.J > 0) and trace (tr.J < 0) of
the Jacobian matrix are satisfied at the same time is the equilibrium point an evolutionary
stable strategy (ESS). By substituting the above five equilibrium points into the Jacobian
matrix, finding the determinant and trace of each matrix, and judging the positive and
negative of the determinant and trace of each matrix, we obtain Table 3.

Table 3. Stability judgment table for each equilibrium point.

Condition Equilibrium Point det.J tr.J Conclusion

Case 1
(1− α)M− λA(1 + r0)− C < 0,

λA[(αβ− α + 1) + r0(αβ− α + 2)− r1]−
(1− α)(A + F) > 0.

E1 − uncertain Saddle point
E2 − uncertain Saddle point
E3 − uncertain Saddle point
E4 − uncertain Saddle point
E5 + 0 Central point

Case 2
(1− α)M− λA(1 + r0)− C < 0,

λA[(αβ− α + 1) + r0(αβ− α + 2)− r1]−
(1− α)(A + F) < 0.

E1 − uncertain Saddle point
E2 − uncertain Saddle point
E3 + − ESS
E4 + + Unstable
E5 / / /

The evolution phase diagrams for Case 1 and Case 2 are shown in Figures 2 and 3.
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The evolution phase diagrams for Case 1 and Case 2 are shown in Figures 2 and 3. 
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From the phase diagrams of Case 1 and Case 2, it can be clearly seen that there is no sta-
ble equilibrium solution in Case 1. That is, no matter where the initial state is in the region,
the system will not have an evolutionary stable point, and there is no stable equilibrium
solution for the bank and the SME. E3 in Case 2 is an evolutionary stable equilibrium. That
is, when (1− α)M − λA(1 + r0) − C < 0 and λA[(αβ− α + 1) + r0(αβ− α + 2)− r1] −
(1− α)(A + F) < 0 are satisfied, the system will evolve towards E3. The bank will lend to
the SME, and the SME will keep the contract.

4. Numerical Simulation

The case of the account receivable of a technology company in Shenzhen, China, was
used for numerical simulation.

Take A = CNY 38.1 million, and the supervision cost of single SCARPF of the bank
is fixed at C = CNY 0.01 million. In the SCARPF model, the bank’s pledge rate λ = 0.7,
the interest rate r0 = 4.78%, and the return rate of the SME during a normal production
period r1 = 10%. Based on the confirmation of the creditor’s rights on the core enterprise
bill, the core enterprise must pay the bank an amount of M = CNY 1.3 million when
the SME unilaterally defaults on the contract. When joint loan fraud occurs, the profit
proportion of the SME is β = 0.5. The probability that the core enterprise and the SME are
involved in joint loan fraud is α = 0.4, and the supply chain penalty for a contract breach
by the SME is F = 20 million yuan. Assume that the initial values of the bank lending and
the initial value of the SME breaking the contract are x = 0.5 and y = 0.5, respectively.

From the above values, the system evolution path diagram can be obtained as shown
in Figure 4.
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It can be seen from Figure 4 that the game evolves towards x = 1 and y = 0, and the
system has an ESS. This situation satisfies Case 2.

To explore the effect of joint loan fraud on the outcome of the evolutionary game, we
set α = 0 and α = 1. Figures 5 and 6 can be obtained.
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Figure 6. System evolution path diagram (α = 1).

It can be seen from Figures 5 and 6 that the game evolves towards x = 1 and y = 0
when α = 0, and the game evolves towards x = 0 and y = 0.65 when α = 1. The situation
when α = 0 satisfies Case 2, and the situation when α = 1 satisfies Case 1. Comparing
Figures 4–6, we can find that the smaller α is, the better the system will evolve towards
(lending, keep the contract).

To explore the effect of the supply chain’s penalty on the outcome of the evolutionary
game, we set F = 0 and F = 26.67. Figures 7 and 8 can be obtained.
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It can be seen from Figures 7 and 8 that the game evolves towards x = 1 and y = 0.
This situation satisfies Case 2. Comparing Figures 4, 7 and 8, we can find that the larger F
is, the better the system will evolve towards (lending, keep the contract).

To explore the effect of the proportion of the benefits on the outcome of the evolutionary
game, we set β = 0 and β = 1. Figures 9 and 10 can be obtained.
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It can be seen from Figures 9 and 10 that the game evolves towards x = 1 and y = 0.
This situation satisfies Case 2. Comparing Figures 4, 9 and 10, we can find that the smaller
β is, the better the system will evolve towards (lending, keep the contract).

To explore the effect of the interest rate on the outcome of the evolutionary game, we
set r0 = 1% and r0 = 10%. Figures 11 and 12 can be obtained.
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It can be seen from Figures 11 and 12 that the game evolves towards x = 1 and y = 0.
This situation satisfies Case 2. Comparing Figures 4, 11 and 12, we can find that the larger
r0 is, the better the system will evolve towards (lending, keep the contract).

To explore the effect of the return rate of the SME during normal production on the
outcome of the evolutionary game, we set r1 = 1% and r1 = 20%. Figures 13 and 14 can
be obtained.
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Figure 14. System evolution path diagram (r1 = 20%).

It can be seen from Figures 13 and 14 that the game evolves towards x = 1 and y = 0.
This situation satisfies Case 2. Comparing Figures 4, 13 and 14, we can find that the larger
r1 is, the better the system will evolve towards (lending, keep the contract).

5. Research Results

Through the analysis of the established evolutionary game model and numerical
simulation, we can obtain the following research results:

• The evolutionary game model will have two different evolutionary cases under dif-
ferent initial conditions: one without ESS and the other with ESS (lending, keep the
contract);

• The higher the rate of return during normal production of the SME, the more profits
it obtains through normal production. The SME will be more inclined to keep the
contract. This is consistent with [30,31]. That is, the system will tend to evolve in the
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direction of (lending, keep the contract). As the SME can obtain more profits through
production, there is no need to conduct default operations;

• The higher the bank loan interest rate, the more the bank tends to lend. This is because
the bank can make more profit by lending. However, the high interest rate means a
high capital cost for the SME, which has also been pointed out by [28]. As a result,
although the bank tends to lend, the SME may give up loans because it cannot repay
the exorbitant interest rate;

• The greater the supply chain punishment when the SME unilaterally breaks the
contract, the more likely that the SME will keep the contract. This is consistent
with [11]. Therefore, the punishment mechanism of the supply chain is conducive to
the evolution of the system to stable equilibrium;

• When the probability of joint loan fraud is small enough or equal to zero, the bank will
be able to avoid risks based on the strong credit of the core enterprise. The bank will be
happy to carry out SCARPF with the SME, and the SME can solve financing problems.
The existence of joint loan fraud is not conducive to the SME obtaining financing;

• The smaller the proportion of income distribution of the SME under joint loan fraud,
the less income the SME will obtain through default. Accordingly, its motivation for
default will be reduced.

6. Conclusions

Based on SCARPF under the condition of confirming the creditor rights of the core
enterprise bill, this paper constructs an evolutionary game model of the three parties con-
stituted by the bank, the core enterprise and the SME, considering whether there is a joint
loan fraud between the SME and the core enterprise. The ESS was obtained and numerical
simulations were performed using data from a technology company. The following conclu-
sions were obtained through research: (1) As the model parameters change, the system will
have two evolution cases. The first evolutionary case has no ESS. The ESS for the second
evolutionary case is (lending, keep the contract). Limiting the model parameters within a
reasonable range is beneficial for SMEs to obtain more financing opportunities, and game
participants to obtain more profits in the system; (2) the rate of return during normal
production of SMEs, the lending interest rate, the supply chain punishment, the probability
that core enterprises and SMEs are involved in joint loan fraud, and the proportion of the
benefits to SMEs when engaged in joint loan fraud, will influence the time required to reach
the final evolutionary stable state. A higher the rate of return during normal production of
SMEs, lending interest rate, and punishment of the supply chain, and a smaller probability
of core enterprises and SMEs committing joint loan fraud and proportion of the benefits of
SMEs in joint loan fraud, will lead to banks lend more easily and SMEs more easily keep
the contract.

On the basis of these conclusions, we present some implications.

(1) In order to solve the financing problems of SMEs and help banks and core enterprises
to obtain more profits, the relevant parameters of the model should be limited to a
reasonable range. When the conditions of Case 2 are met, the system will evolve in
a direction that is beneficial to banks, core enterprises and SMEs. When banks, core
enterprises and SMEs make decisions, they should fully consider the decisions that
other participants may make and try to make relevant decision parameters meet the
conditions of Case 2. This will benefit all game participants in the entire supply chain
system to obtain better results.

(2) It is very important that supply chain members make reasonable decisions. Reason-
able decisions can help the system reach an evolutionary stable state faster. For banks,
they should pay attention to the supervision of core enterprises, focusing on pre-
venting the joint loan fraud of core enterprises and SMEs. When confirming the
bill creditor’s rights to core enterprises, banks should not only stay at the level of
confirmation, but also consider whether there is intentional confirmation to achieve
the purpose of joint loan fraud, especially for those core enterprises that have had
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major events of default. Banks can also raise lending interest rates, because the higher
the lending interest rate, the more banks tend to lend, and SMEs can increase the
availability of financing. However, banks should raise the lending interest rate within
an appropriate range. For SMEs, if they want to obtain a benign SCARPF cycle, on the
one hand, they must not default on their own contracts and, on the other hand, they
must not cooperate with core enterprises to commit joint loan fraud. SMEs should
place the growth point of financing income on how to improve their own rate of return
during normal production. For core enterprises, they cannot commit joint loan fraud
with SMEs. Core enterprises should also increase the punishment when SMEs break
the contract. When the punishment is greater, the breach of contract of SMEs will
be restricted, and evolution can become a virtuous circle. Based on this, core enter-
prises should improve the credit investigation system for SMEs that cooperate with
themselves for SCARPF, take dishonesty as an important consideration of enterprise
cooperation, establish a dishonesty event threshold, and terminate the cooperative
relationship after reaching the threshold.

The research also has some limitations, which provide an opportunity for future re-
search. First, to simplify the model, this paper assumes that all information is deterministic
in the model. That is, all the game participants know the information in the supply chain.
In reality, this is often not the case. Future research can be conducted from the perspective
of uncertain information. Second, in reality, the relevant parameters of joint loan fraud are
actually difficult to determine. Future research can further optimize the model on joint
loan fraud.
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