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Abstract: Shared manufacturing provides a new development direction for the transformation and
upgrading of the manufacturing industry. This paper took a manufacturing company that masters
core technology and has strong knowledge creation and spillover capabilities as the core manufactur-
ing company. The core manufacturing company led two resource-complementary manufacturing
companies in participating in shared manufacturing, and the additional benefits of each company
participating in shared manufacturing were realized. Due to the bounded rational behavior of the
participating companies and the difficulty in maximizing each’s own interests, this paper used the
evolutionary game method and MATLAB to analyze the influencing factors of shared manufacturing
among manufacturing companies. The goal of this study is to understand the decision-making behav-
ior of manufacturing companies in a shared manufacturing context. The research results show that:
The initial willingness to share, default losses, and excess income realized by the core manufacturing
company as a result of delivering high service levels all contributed to the companies’ willingness to
engage in shared production. The companies’ ability to participate in shared manufacturing was neg-
atively impacted by cost-to-income ratio and speculative income. The allocation of additional income
had a significant influence on the non-core enterprises’ decision-making: when the distribution ratio
of additional income from non-core companies was low, non-core companies would be less willing to
share. Although the additional income distribution ratio of core companies were high at the time,
the service level of core companies would also decrease due to the reduction of non-core companies’
willingness to share.

Keywords: evolutionary game; shared manufacturing; core manufacturing company; evolutionary
stable strategy

1. Introduction

Shared manufacturing is an innovation in the application of the sharing economy
in the field of production and manufacturing. China’s manufacturing sector has faced
new problems and development prospects as a result of the sharing economy, and shared
manufacturing has offered a fresh approach to the modernization and transformation of
the sector. Based on cloud computing and the industrial internet, the right to utilize idle
manufacturing resources and capabilities in order to realize the successful integration
and application of idle production capacity is shared. The size of China’s manufacturing
capacity-sharing market exceeded 3.6 trillion yuan in 2021, and shared manufacturing is
crucial to the country’s economic growth, according to a report by the National Information
Center’s Sharing Economic Research Center.

Shared manufacturing is a new sustainable mode of social manufacturing based on
the principles of a sharing economy. The concept of “shared manufacturing” was first
proposed by Ellen [1] in 1990. Since the emergence of shared manufacturing, it has received
extensive attention. He et al. [2] analyzed the differences between traditional shared manu-
facturing and modern shared manufacturing, as well as the advantages and disadvantages
of Chinese shared manufacturing compared with foreign shared manufacturing. Jiang
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and Li [3] addressed a new shared factory model and provided theoretical architecture
and some actual cases for manufacturing sharing. Yu et al. [4] proposed a dynamic shared
manufacturing service scheduling method in support of complex network analysis tech-
nologies. Some scholars have also studied shared manufacturing combined with other
technologies, such as blockchain-based shared manufacturing [5], a scalable framework for
blockchain-based shared manufacturing [6], and enhanced agents in shared factories [7].
Xu et al. [8] investigated an online scheduling problem where one manufacturer owning
two parallel identical machines may lease a number of external machines to satisfy its
jobs via a manufacturing resource-sharing platform. Li et al. [9] discussed the optimal
conditions for choosing different business models by comparing maximizing self-revenues
and maximizing social welfare in the context of shared manufacturing. Wang et al. [10]
presented a scalable framework for blockchain-based shared manufacturing that preserves
the transparency and immutability characteristics of transaction records, which is critical to
building trust between entities in blockchain-based systems. Yan et al. [11] analyzed real
cases of shared manufacturing and summarized the typical characteristics and classifica-
tions from the perspective of a sharing economy and platform operation. Zhang et al. [12]
analyzed the evolutionary game of shared manufacturing quality innovation’s synergetic
behavior considering a subject’s heterogeneous emotions. Zhang et al. [13] constructed a
co-evolutionary game model of shared manufacturing-quality synergistic improvement
under the dynamic reward and punishment mechanism. Zhang et al. [14] proposed a
hybrid sensing-based approach to perform the monitoring and maintenance of shared
manufacturing resources. Ji et al. [15] developed a fully polynomial-time approximation
scheme to solve the problem when the number of machines is fixed. Wei and Wu [16]
studied two two-machine hybrid flow-shop problems with fixed processing sequences.
Chen and Tang [17] constructed a high-quality development efficiency index system of
shared manufacturing companies in China. Richard et al. [18] described a model for aid-
ing a large enterprise in decisions regarding the consolidation and reconfiguration of its
facilities to shared manufacturing facilities. Lujak et al. [19] proposed a computationally
efficient decentralized approach to solving multi-robot production planning in open shared
factories. Manufacturing companies participate in shared manufacturing in an environ-
ment where idle manufacturing capacity is shared and companies are willing to achieve
long-term sharing. As a result, these companies frequently have an impact on the shared
manufacturing decision-making of other companies and are unable to maximize their own
interests, which is consistent with evolutionary game’s “bounded rationality” hypothesis.
In order to investigate the evolution of manufacturing companies” decision-making in
shared manufacturing and realize the sustainable development of shared manufacturing,
this research uses the evolutionary game method. It also examines the impact of various
elements on the equilibrium strategy under various conditions.

The evolutionary game itself is a continuous feedback activity in a dynamic system
that exhibits mutual constraint, mutual dependency, win-win situations, and reciprocal
income among game participants. To evaluate the issues with evolutionary games in their
profession, some academics have employed the evolutionary game. Ji et al. [20] proposed a
new game model that intensively studies trade behavior, which can be realized as strate-
gies and payoff functions of suppliers and manufacturers. Luo et al. [21] established an
unsymmetrical evolutionary game model between manufacturing enterprises, producer
service providers, and customers. Wu et al. [22,23] constructed a tripartite evolutionary
game model of government, industry, and university to analyze the strategic choices of the
tripartite government, industry, university, and provide theoretical guidance for tripartite
collaboration. Zhu and Rong [24] constructed a three-party evolutionary game model
among drug manufacturers, third-party drug testing institutions and government regula-
tory agencies to discuss the influence relationship between various elements of drug safety
and quality supervision. Cui [25] analyzed tripartite main bodies under the background of
cooperative governance by constructing an evolutionary game model involving enterprise,
public and regulatory bodies. Wang [26] constructed an evolutionary game to solve the
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problem of urban parking difficulty and provided feasible suggestions for government, en-
terprise, and parking-space owners through numerical simulation analysis. Wang et al. [27]
developed an evolutionary game model from the population’s perspective to observe the
allocation tendency of different manufacturing services. Manufacturing service allocation
with evolutionary game theory can provide fairness among users. Qi et al. [28] constructed
the evolutionary game model of manufacturing resource-sharing to reveal the behaviors be-
tween two types of enterprise and analyzed the equilibrium in model and local stability in
the state of uniform mixed and non-uniform mixed populations. Hao and Zhao [29] estab-
lished an evolutionary game model composed of three game players of “capacity sharing
platforms-enterprises with manufacturing capacity-enterprises demanding manufacturing
Capacity” based on the assumptions of the network externality of capacity sharing plat-
forms and presented the economic and management significance of evolutionary stability
strategy. Based on the construction of the income function of manufacturing enterprises
and service providers, Feng and Ma [30] established a two-party asymmetric evolution
game model, exploring the rules of manufacturing enterprises and service providers to
implement servitization. Zhao and Meng [31] used evolutionary game theory to study the
decisions between original product manufacturers and third-party remanufacturers, and
analyzed the influence of remanufacturing license fees on the system’s evolutionary equilib-
rium strategies. Bo et al. [32] built an evolutionary game model for platforms, demanders
and suppliers. It drew the progressive path of the model, and combined with the maturity
evaluation method, the governmental incentive mechanism was optimized. Zhu et al. [33]
built a game model for the transaction strategy of the supplier and the demander by execut-
ing the platform’s smart contract to further guarantee the platform’s transaction reliability.
Hosseini-Motlagh et al. [34] proposed an evolutionary game theory-based model to in-
vestigate how long-term behaviors of the members in supply chain systems would affect
coordination decisions and their share of coordination profit surplus. Biancardi et al. [35]
studied how to counter the illegal exploitation of common groundwater resources using an
evolutionary game approach. The numerous academics mentioned above have confirmed
the veracity of evolutionary games in various scientific domains.

This paper carried out the following three tasks listed below:

First, there are currently only a handful of studies on resource-sharing in the field of
shared manufacturing that are based on evolutionary games, and the majority of the studies
are predicated on the assumption that the sharing parties are wholly rational when, in
reality, the participating sharers modify their own strategies and exhibit “bounded rational”
behaviors. As a result, this work employed the evolutionary game method to investigate
the influence trend of manufacturing businesses’ sharing strategies.

Second, very few studies have looked into establishing a deposit, sometimes known
as liquidated damages, to lessen manufacturing companies’ losses when other shared
manufacturing companies stop sharing. In order to build an evolutionary game model, the
factors mentioned above were taken into account in this work.

Third, while some researchers have thought about creating a shared manufacturing
platform and a three-way evolutionary game between the supply and demand sides, no
one has thought about core companies taking part in shared manufacturing and acting
as a shared manufacturing platform. The core company serves as a shared platform that
connects manufacturing companies to participate in shared manufacturing, in addition
to being manufacturing companies that can participate in shared manufacturing. The
core company’s shared manufacturing platform is superior to other shared manufacturing
platforms in terms of professionalism and depth of manufacturing knowledge.

This paper takes manufacturing company that masters core technology and has strong
knowledge creation and spillover capabilities as the core manufacturing company. Through
the core manufacturing company leading two resource-complementary manufacturing
companies to participate in the shared manufacturing, the additional benefits of each com-
pany participating in the shared manufacturing can be realized. Due to the influence of
factors such as environment and educational level, the behaviors of companies participat-
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ing in shared manufacturing often have bounded rationality, which makes it difficult to
achieve the goal of maximizing their own interests in the process of shared manufacturing.
Therefore, this paper uses the method of evolutionary game to study the influence of factors
such as default loss and speculative cost on the willingness of manufacturing companies to
participate in shared manufacturing. It provides new ideas for the shared manufacturing
of manufacturing companies under the leadership of core manufacturing company.

The rest of this article is organized as follows. Section 2 introduces the problem
formulation and model construction. We examine the evolutionary stable strategy in
Section 3. The simulation analysis of numerical example is given in Section 4. Section 5
includes the conclusions and managerial implications.

2. Evolutionary Game Model Construction
2.1. Model Description and Assumptions

The worldwide upgrading and transformation of China’s manufacturing sector now
have new potential thanks to shared manufacturing. In contrast to the conventional out-
sourcing and OEM models, shared manufacturing is characterized by the sharing of the
right to utilize idle resources and capabilities. It does this by constructing a sharing platform
for production capacity using advanced industrial Internet of Things and intelligent manu-
facturing technology to achieve efficient integration of idle production capacity. The “Hai
Chuanghui” of the Haier Group and the “Mei Chuang Platform” of Midea have currently
had some preliminary success. Therefore, this paper uses the method of evolutionary game
to study the decision-making problem of taking the core company as the leading company
to drive other non-core companies to participate in shared manufacturing. By constructing
an evolutionary game model, the relevant factors affecting the decision-making behavior
of each company are analyzed in the process of non-core companies participating in shared
manufacturing under the leadership of core company.

2.1.1. The Game’s Central Premise

The major players in the game are a core manufacturing company with shared man-
ufacturing resources and two non-core manufacturing companies with shared manufac-
turing, denoted by the letters core manufacturing company C, non-core manufacturing
company A, and non-core manufacturing company B, respectively.

2.1.2. Set of Game Strategies

The strategic space of non-core manufacturing companies A and B is (sharing, not
sharing). The willingness of non-core manufacturing company A to participate in sharing
is x (0 < x <1), and the willingness not to participate in sharing is (1 — x); the willingness
of non-core manufacturing company B to participate in sharing is y (0 <y < 1), and
the willingness of not to participate in sharing is (1 — y); core manufacturing company
C participates in shared manufacturing while providing integrated services of shared
manufacturing resources. Therefore, the strategic space of core company C is (provide high
service levels, provide low service levels). The willingness of core manufacturing company
C to provide high service levels is z (0 < z < 1), and the willingness to provide low service
levels is (1 — z). Each game group is “bounded rationality”, and they choose their own
strategy with a certain probability.

2.1.3. Parameter Hypothesis

(1) The cost of independent operation of three companies is N;j, and the income is Wj
(i=1, 2, 3 represent three shared manufacturing companies of A, B, and C, respectively).

(2) All non-core manufacturing companies participate in shared manufacturing. The
additional costs of non-core manufacturing companies A and B participating in shared
manufacturing are C; and Cy ,respectively. At this point, the core manufacturing company
C can provide high service levels or provide low service levels. If the core manufacturing
company C provides high service levels, then the additional cost it needs to pay is Cs,
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corresponding to the overall additional benefit from shared manufacturing obtained is
Ry; on the contrary, the additional cost it needs to pay for providing low service levels is
Cy4 (C3 > Cy), corresponding to the overall additional benefit from shared manufacturing
is Ry (R; > Ryp). Whether or not the core manufacturing company provides high service
levels, the additional income distribution ratio of three companies is «; (i = 1, 2, 3 represent
company A, B, and C, respectively and & + &y + a3 = 1). When non-core manufacturing
companies participate in shared manufacturing, core manufacturing company can improve
resource integration capabilities, enhance the competitiveness and obtain excess returns V
by providing high service levels.

(3) When non-core manufacturing companies do not engage in shared manufacturing
for opportunistic or other reasons, the party that does not participate in shared manufactur-
ing will earn speculative income D;. Non-core manufacturing companies will lose their
deposits S; (51 > Dy, Sp > D5), which is more than they can obtain speculative income in
the event of default. If only one non-core manufacturing company does not participate in
shared manufacturing, the additional income of core manufacturing company C providing
high service levels and low service levels are L; and L, (L > L), respectively. At this time,
the income distribution ratio of core manufacturing company and the non-core company
who participate in shared manufacturing is 1:1. If all non-core manufacturing companies
do not participate in shared manufacturing, core manufacturing company will not refund
the deposits.

The model parameters are summarized as shown in Table 1.

Table 1. The model parameters.

Notations  Explanation

The initial willingness of non-core manufacturing companies A and B to participate

Xy in the sharing.
5 The initial willingness of core manufacturing company C to provide high
service levels.
N; The cost of manufacturing companies when they don’t participate in the sharing.
W; The income of manufacturing companies when they don’t participate in the sharing.
C. The additional costs for non-core manufacturing companies A and B to participate
! in the sharing (i=1, 2).
C. The additional costs for core manufacturing company C to provide high or low
! service levels (i = 3, 4).
D; The speculative income of non-core manufacturing companies A and B (i =1, 2).
S The default losses of non-core manufacturing companies A and B (i =1, 2).
The additional income of core manufacturing company C providing high or low
L; service levels when only one non-core manufacturing company does not participate
in the sharing (i=1, 2).
The additional income of core manufacturing company C providing high or low
Ry service levels when all non-core manufacturing companies participate in the sharing
i=12).
w The additional income distribution ratio of companies participating in the sharing
! i=1,273).
v The excess income of core manufacturing company C providing high service levels

when all non-core manufacturing companies participate in the sharing.

2.2. Payoff Matrix and Replicator Dynamic Equation

According to the above assumptions, the evolutionary game profit matrix of core
manufacturing company and non-core companies is constructed as shown in Table 2.

The expected payoffs U;S of non-core company A participating in the sharing and the
expected payoffs U™N of non-core company A not participating in the sharing are:

1 1
Uy® = yzouRy + 5 (1-y)zli+y(1-z)qRo+ 5 (1 -y)(1—-2z)Lo + W1 —N; —C 1)

2
UN=D;+W; —-N; - S )
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Table 2. The payoff matrix.

Type B Company Shares

Type B Company Doesn’t Share

Type A company shares
Type C company provides

O£3R1 +W3—C3—N3 +V
061R1+W1 —C1 —N;
O(2R1 +W2 —C2 —N2

%Ll +W3—C3—N3+52
%L1+W17C17N1
W2+D2—N2—SQ

high service levels

Type A company
doesn’t share

%Ll +W3—C3—N3+51
W1+D17N1781
%Ll +W2—C2—N2

W3—N3—C3+Sl+52
W1+D17N1751
W2+D2—N2—Sz

Type A company shares
Type C company provides

0(3R2 +W3 — N3 — C4
Clez +W1 — C1 — N1
(Xsz +W2 — C2 — N2

%L2+W3—N3+SZ—C4
%L2+W1*C1*N1
W2+D2—N2—Sz

low service levels
Type A company
doesn’t share

%L2+W3—N3+51—C4
W1+D17N1781
%L2+W2—C2—N2

W37N37C4+51+52
W1+D17N1781
W2+D2—N2—Sz

The expected payoffs U,° of non-core company B participating in the sharing and the
expected payoffs UyN of non-core company B not participating in the sharing are:

1 1
UZS = xzopR; + E(l — X)ZL] + X(l — Z)(XQRQ + *(1 — X)(l — Z)Lz +W, —Np —Cy (3)

2

U2N=D2+W2—N2—Sz

(4)

The expected payoffs Us® of the core company C provides high service levels and the
expected payoffs U3\ of the core company C provides low service levels are:

1
Uf:xﬂw£y+V%%;x—bq+yﬁy+ﬂ—yﬁy+ﬂ—xﬁy¥W3—N3—C3(&

1
UsN = xyosR; + E(X —2xy+y)La+(1—-y)S2 + (1 —x)S; + W3 —N3 —Cy4  (6)

Therefore, the replicator dynamic equation formed by the non-core manufacturing

companies and core manufacturing company is:

F(x) = x(1 = x)[yzoqRy + (1 —y)zLy + y(1 — z)eqRy + 3 (1 — y)(1 —2)L, — Dy — C1 + 1]
F(y) = y(1 —y)[xzeoRs + 3(1 = x)zL1 + x(1 = 2) xR + 3(1 = x)(1 — 2)L, — Dy — C; + Sy ()
F(z) = z(1 - z)[xya3(R; — Rp) + 3(x — 2xy +y) (L1 — Lp) + xyV + C4 — C3]

3. Evolutionary Stable Strategy Analysis

F(x) =0, F(y) = 0, F(z) = 0 can acquire local equilibrium points: E;(0, 0, 0), E>(0, 0, 1), E3
(0,1,0),E4(0,1,1),E5(1,0,0),E6(1,0,1),E7 (1, 1,0) and E8 (1, 1, 1). In an asymmetric game,
the evolutionary game equilibrium must be a strict Nash equilibrium, that is, a pure strategy
equilibrium. Mixed strategy must not be an evolutionary stable equilibrium. Therefore, we
only discuss the stability conditions of the above eight strategies. The Jacobian matrix of
this system is obtained as follows:

JdF(x)  JF(x)  dF(x)

ox dy dz
= oF(y) dF(y) 9F(y)
ox dy oz
JoF(z) 0F(z) OJF(z)
ox ay oz
where
IFR) _

) = (1 — 2X) [yzouRy+3(1 — y)zLy +y(1 — 2)oqRo+3(1 — y)(1 — 2)L, — Dy — Gy +S1]

a
B = x (1= x) [za Ry — 7Ly + (1 = )qaRa— (1 — 2)Lo]
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(5]

P00 — (1 — %) [yoqRy+3(1 — y)Ly — yoqRy—1(1 — y)La]

B —y (1 - y) [z0gRy — 2L + (1 — 2) Ry — (1 — 2)Ly]
B — (1 - 2y) [xzogRi+1(1 — X)7Ly +X(1 — 2)oRo+1(1 = X)(1 — 2, — D, — G + 5]
aZY) =y (1 —y) [xeoRi+3(1 — x)L1 — xouRy— (1 — x)Ly]

Be) — 7 (1 - 2) [yos(Ry — Rp)+1(1 — 2y)(Ly — L) +yV]

Tl = 2(1 = 2) Ixea(Ry — Ro)+5(1 = 2)(Ly — Lo) +xV]
T = (1= 22) xyas(Ry — Ro)+h(x — 2y + y)(La — L) +xyV + Gy — 3]
According to the actual circumstances, when all non-core companies participate in

shared manufacturing, and the additional profit of the core manufacturing company pro-

viding high service levels is greater than providing low service levels, it is possible for the
core manufacturing company to provide high service levels. Therefore, we assume that
a3(R; — Rp) + V — C3 + C4 > 0. Due to the leading role of core companies, the additional
profits earned by non-core companies when they all participate in shared manufacturing
are greater than zero, that is, xRy — Ci>0(i=1,2) and xRy — C; > 0 (i =1, 2). Utilizing

Lyapunov’s indirect method, the stability analysis of the aforementioned eight equilibrium

points is performed:

(1) The profits of non-core company participating in shared manufacturing are greater
than that of not participating in shared manufacturing, no matter whether other non-core
company participate in shared manufacturing. Therefore, we can acquire that
(%Lz +W; —Ci — Nj)>(W;+D; — N —5)) (=1, 2). Table 3 displays the stability analysis
of the equilibrium point. (1, 1, 1) is a stable point, as shown in Table 3, and Figure 1 depicts
the phase diagram. Currently, the decisions of other companies have no bearing on those of
non-core manufacturing companies. As a result, this article does not take them into account.

Na

SNk
Ty

—

Table 3. Analysis of local stability of equilibrium point of case (1).

Equilibrium Eigenvalues Stability
Point A1 Symbol A2 Symbol As Symbol

E1(0,0,0) %Lz —C1+5 —Dy + %Lz —C+S, —-Dy + Cy—GCs — Unstable
E»(0,0,1) 1L —Ci+S — Dy + 1L —C+S, - Dy + —(C4 — C3) + Unstable
E5(0,1,0) Ry —Cy — Dy + 54 + ~(IL, = C+S; — Dy) - ML —L)+Ci—Cs +, - Unstable
E4(0,1,1) x1R1 —C; —D1+5 + —(%Ll —C+S, —Dy) - —[%(Ll — L) +Cy — C3] +, = Unstable
E5(1, 0, 0) 7(1L2 —C —Dy + Sl) - Ry —Cp — Dy + S, + %(Ll — Lz) +Cy —C3 +, — Unstable
Eé(l, 0, 1) _(EL] —Ci—D1+5) - R —Cp — Dy +S; + —[%(I_q —Ly)+Cy — C3] +, — Unstable
E7(1, 1, 0) —((Xle - C1 - D] + 51) - —[(Xsz - Cz - D2 + Sz] - OL3(R1 - Rz) +V+ C4 - C3 + Unstable
Eg(l, 1, 1) 7(0(1R] — C1 — Dl + Sl) — 7[0(2R1 — C2 — D2 + Sz] — *[0(3(R1 — Rz) +V +C4 — C3] — ESS

e M

Figure 1. Strategy evolution phase diagram of case (1).
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(2) When a non-core manufacturing company does not participate in shared manu-
facturing, and at the same time, the core manufacturing company provides low service
levels, the profit of another non-core manufacturing company participating in shared
manufacturing is less than that of not participating in shared manufacturing, that is,
(%Lz +W; —C — Nj) <(W; +D; — Nj — 5)) (i =1, 2). Table 4 displays the stability analysis
of the equilibrium point. (0, 0, 0) and (1, 1, 1) are stable points, as shown in Table 4, and
Figure 2 depicts the phase diagram. In this case, the decision of any participating shared
manufacturing company will have an impact on other participating shared manufacturing
companies. Analyzing this situation is the main goal of this paper.

Table 4. Analysis of local stability of equilibrium point of case (2).

Equilibrium Eigenvalues Stability
Point M Symbol A2 Symbol As Symbol

E1(0,0,0) %Lz —C1+5 —Dy - %LZ —C+S5 —-D; - Cy—GC3 - ESS
E»(0,0,1) 31L1 —C1+S — Dy +, - L1 —C+S, — Dy +, - —(Cy — C3) + Unstable
E3(O, 1, 0) xRy —C; — D1+ + 7(1L2 —Cy+5,—Dy) + %(Ll — L)) +Cy —C3 +, — Unstable
E4(0,1,1) xR1 —C; —D1+5 + —(le —C+S, —Dy) +, — —[%(Ll — L) +C4 — G3] +, = Unstable
E5(1,0,0) 7(1L2 —C;—D1+95) + Ry —Cp — Dy +S; + %(Ll —L)+Cs—C3 +, = Unstable
Eé(l, 0, 1) 7(%]_‘] —Cy—D1 + Sl) +, = R —Cp — Dy +S; + 7[%([,1 —Ly)+Cy — C3] +, — Unstable
E7(1, 1, 0) —(Oqu — C1 — D] + 51) — —[OQRZ — Cz — D2 + Sz] — 0(3(R1 — Rz) +V+ C4 — C3 + Unstable
Eg(l, 1, 1) 7(0(1R1 —C—Di + Sl) — —[opRy — C; — Dy + 5] — *[O(3(R1 — Rz) +V+Cy — C3] — ESS

Figure 2. Strategy evolution phase diagram of case (2).

4. Numerical Simulations

In this paper, MATLAB is used to simulate and analyze the impact of different param-
eters on the strategy evolution results. Referring to Qi et al. [28], the following parameter
values of the simulation are set: x=0.5,y =0.5,z= 0.5, C; =10, C; =8,C3 =13, C4 =10,
D1=2,D,=15,5,=22,5=17,L1 =10,L, =7.5,R; =50, Ry, =40, o = 0.34, & = 0.25,
a3 = 0.41, V = 5. Matlab software is used for numerical simulation to analyze the changing
trend of company’s evolutionary strategies.

4.1. Impact of Initial Willingness to Share

The initial willingness to share of one party increases or lowers by 0.05 on the assump-
tion that the initial willingness to share is (0.5, 0.5, 0.5). Observe how each manufacturing
company has evolved strategically. Figure 3 displays the system’s evolution’s outcomes.
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Figure 3. Numerical simulation diagram of the initial willingness to share: (a) 3D stereogram; (b) 2D
floor plan.

According to the research in Figure 3, as the initial willingness of core manufacturing
company to provide high-level services increases, the willingness of non-core companies to
participate in shared manufacturing also increases, and the higher the willingness of core
company to provide high resource levels, the faster the willingness of non-core companies
to participate in shared manufacturing increases. Similarly, if the initial willingness of
non-core companies to participate in shared manufacturing increases, the willingness
of core company to provide a high level of resource integration will also increase. On
the contrary, the less initially willing core company was to offer high-quality services or
less initially willing non-core companies were to engage in sharing, the more convergent
the core company was to offer low-quality services, and the more convergent non-core
companies were to not engage in shared manufacturing.

4.2. Impact of the Additional Sharing Costs

The additional sharing costs increase or decrease depending on the additional sharing
costs (C; =10, C; =8, C3 =13, C4 = 10). Observe how each manufacturing company has
evolved strategically. Figure 4 displays the end outcomes of the system’s evolution.
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Figure 4. Numerical simulation diagram of the additional sharing costs: (a) 3D stereogram; (b) 2D
floor plan.
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By analyzing Figure 4, it can be seen that: as the additional costs of core manufacturing
company delivering high service levels rise, their willingness to engage in shared manu-
facturing will decline until they both reach zero. The willingness of core manufacturing
company to provide high service levels will rise along with the higher sharing costs of
core company providing low service levels, and the willingness of non-core manufacturing
companies to participate in shared manufacturing will rise along with it until it converges
to 1. The willingness of non-core manufacturing companies to participate in shared manu-
facturing will decline as the additional costs rise, and the willingness of core company to
provide a high level of services will also decline until it converges to zero.

4.3. Impact of the Speculative Income

We boost or decrease a non-core company’s speculative income based on (D; =2,
D, = 1.5) speculative income and track the strategic evolution of each manufacturing
organization. Figure 5 displays the system’s evolution’s outcomes.
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Figure 5. Numerical simulation diagram of the speculative income: (a) 3D stereogram; (b) 2D
floor plan.

By analyzing Figure 5, it can be seen that: with the reduction of speculative income,
manufacturing companies are more inclined to participate in shared manufacturing, and
other companies are also inclined to participate in shared manufacturing. Additionally,
core company will be more inclined to offer good service standards at the same time. In the
end, the willingness of core companies to deliver high service levels and that of non-core
companies to participate in sharing will converge to 1. The less speculative income received
by non-core companies, the sooner non-core companies are willing to join in sharing, and
core company is willing to offer high service levels, the quicker the convergence speed
will be.

4.4. Impact of the Default Losses

We increase or decrease the default losses of non-core manufacturing companies and
track the strategic evolution of each manufacturing company based on the assumption that
the default losses of non-core manufacturing companies are (S; = 2.2, S, = 1.7). Figure 6
displays the system’s evolution outcomes.
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Figure 6. Numerical simulation of the default losses: (a) 3D stereogram; (b) 2D floor plan.

By analyzing Figure 6, it can be seen that: when default losses rise, manufacturing
companies’ desire to share will also rise, as will the willingness of other non-core manu-
facturing companies to do the same. Additionally, the core manufacturing company will
be more inclined to offer good service standards at the same time. In the end, the core
manufacturing company will offer high levels of service thanks to non-core manufacturing
companies’ willingness to share. The greater the default losses suffered by non-core manu-
facturing companies, the more non-core manufacturing companies will be willing to share,
and the more core manufacturing company will be willing to offer high-quality services.

4.5. Impact of the Additional Income when Only One Non-Core Manufacturing Company Defaults

We adjust the additional income now based on the assumption that the additional
income is (L; = 10, L = 7.5) when only one non-core manufacturing company defaults, and
we track the strategic development of each manufacturing company. Figure 7 displays the
system’s evolution’s outcomes.
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Figure 7. Numerical simulation of the additional income when only one non-core manufacturing
company defaults: (a) 3D stereogram; (b) 2D floor plan.
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Through the analysis of Figure 7, when only one non-core manufacturing company
defaults, with the increase of additional income, it will increase the willingness of the
core company to provide high service levels and non-core companies to participate in
sharing. The more additional income, the faster the willingness increases of core companies
to provide a high level of service and the faster the willingness increases of non-core
companies to participate in sharing.

4.6. Impact of the Additional Income when All Non-Core Companies Participate in the Sharing

On the basis that the additional income when all non-core manufacturing companies
participate in sharing is (R; = 50, Ry = 40), we increase or decrease the additional income at
this time and observe the strategic evolution path of each manufacturing company. The
system evolution results are shown in Figure 8.
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Figure 8. Numerical simulation diagram of the additional income when all non-core manufacturing
companies participate in the sharing: (a) 3D stereogram; (b) 2D floor plan.

By analyzing Figure 8, it is clear that the increased additional income that results from
all non-core manufacturing companies sharing will encourage both their willingness to
share and the willingness of core manufacturing company to offer high level of services.
In addition, the more additional income when non-core companies participate in sharing,
the faster the willingness increase of non-core companies to participate in sharing and the
willingness increase of core company to provide high level of services.

4.7. Impact of the Additional Income Distribution Ratio

Adjust the additional income distribution ratio based on the initial value (¢ = 0.34,
ap = 0.25, a3 = 0.41). According to the real situation, the overall income of core company
should not be less than zero when non-core companies participate in shared manufacturing,
and core company offers high levels of service. See Figure 9 for the outcomes of the system
evolution as it relates to each manufacturing company’s strategic evolution path.

According to the analysis of Figure 9, the willingness of non-core companies to share is
proportional to the proportion of additional income distribution when the proportion of ad-
ditional income distribution for core companies stays the same. Within a reasonable range,
non-core companies with higher income distribution ratio can more effectively encourage
other companies to share. The non-core companies with a decrease in the proportion of
income distribution can more strongly influence other companies to not participate in shar-
ing when the proportion of income distribution exceeds a reasonable range. The proportion
of additional income distribution among non-core companies rises as the proportion of ad-
ditional income distribution among core companies declines, and non-core companies are
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more willing to share as a result. Although core company’s willingness to offer high service
levels initially declines as the additional income distribution ratio decreases, eventually
core company is still willing to provide service at high service levels due to the increased
willingness of non-core companies to participate in shared manufacturing. The smaller the
proportion of additional income distribution of core manufacturing company, the faster the
willingness increase of non-core companies to participate in sharing, and the willingness
increase of core company to consolidate high resources.
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Figure 9. Numerical simulation diagram of the additional income distribution ratio: (a) 3D stere-
ogram; (b) 2D floor plan.

4.8. Impact of the Excess Income by Core Manufacturing Company Providing High Service Level

The excess income obtained by the core manufacturing company providing a high
service level either increases or decreases based on the assumption that V = 5 (V represents
the excess income obtained by the core company providing a high service level). We track
the leadership that each manufacturing company is taking in terms of strategy. Figure 10
displays the system’s evolution’s outcomes.
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Figure 10. Numerical simulation diagram of the excess income by core manufacturing company
providing high service levels: (a) 3D stereogram; (b) 2D floor plan.
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Through the analysis of Figure 10, when the excess income obtained by core manu-
facturing company in providing high service levels increases, the willingness of the core
company to provide high service levels will also increase, and the willingness of non-core
manufacturing companies to participate in sharing will also increase. The more excess re-
turns obtained by core manufacturing company to provide high service levels, the faster the
willingness increase of the core company to provide high service levels and the willingness
increase of non-core companies to participate in sharing.

5. Conclusions

This work has developed an evolutionary game model of shared manufacturing
under the leadership of core manufacturing company in order to thoroughly investigate
the influencing elements of shared manufacturing companies. Following a comparative
analysis of the impact of various factors on evolutionary outcomes, the conclusions and
managerial implications are as follows:

First, the system’s evolutionary approach is influenced by the companies’ initial
willingness to share. Core manufacturing company is increasingly willing to deliver high
service standards, and non-core companies are increasingly eager to participate in shared
manufacturing as the initial readiness of companies to share increases. Therefore, core
company should actively seek out high-quality manufacturing companies to join in shared
manufacturing in order to increase their own profits, while manufacturing companies can
also encourage other high-quality core manufacturing company to do the same.

Second, the cost-to-income ratio has an impact on how the system evolves. When the
additional expenses that must be incurred are higher, or the additional income harvest is
lower, core manufacturing company is reluctant to offer high-quality services and non-core
companies are reluctant to take part in shared manufacturing. In order to decrease costs
and increase returns, core company makes every effort to invite non-core companies with
complementary resources to participate in shared manufacturing; conversely, non-core
companies should make every effort to find core companies with complementary resources
to participate in shared manufacturing in order to minimize costs.

Third, whereas default losses have a positive effect, speculative income has a detrimen-
tal effect on non-core manufacturing companies’ decisions to join in shared manufacturing.
If the speculative income increases, non-core companies are less eager to join in shared man-
ufacturing although they must incur bigger default losses. In order to achieve sustainable
development of shared manufacturing, companies should protect their core information as
much as possible. Alternatively, core companies could collect a deposit that is far greater
than speculative income at the beginning of the contract’s signing to compel non-core
companies to participate in shared manufacturing.

Fourth, how much additional income distribution ratio is distributed also influences
whether or not companies decide to take part in shared manufacturing. Non-core man-
ufacturing companies will be hesitant to participate in shared manufacturing when the
additional income distribution ratio is low, even though, at this point, core manufacturing
company is more willing to provide a high level of services due to a higher share of the
income distribution, and ultimately non-core companies will not participate in shared man-
ufacturing. Non-core companies are more eager to share if they earn a higher proportion of
additional income, and at this point, core manufacturing company is encouraged to deliver
a high level of services although core company receives a low proportion of additional
revenue distribution. It is clear that core company can suitably lower their own addi-
tional income distribution ratio while still protecting their own interests in order to entice
top-notch non-core companies to join in shared manufacturing. Non-core manufacturing
company might work to distribute as much extra income as they can.

Fifth, the excess income obtained by core manufacturing company from providing
high service levels also has a positive impact on companies’ participation in shared manu-
facturing. The increase in the excess income obtained by core company from providing high
service levels will promote the willingness of core company to provide high service levels.
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As the willingness of core company to provide high service levels increases, the willingness
of non-core companies to participate in shared manufacturing will also increase. The faster
the excess income obtained by core company to provide high service levels increases, and
the faster the willingness of companies to participate in shared manufacturing converges
to 1. It is clear that the more excess income can be realized, the more inclined the core
company is to offer high-quality services. Therefore, non-core manufacturing companies
should hunt for core company that can generate more excess income while searching for
core manufacturing company to participate in shared manufacturing.

There is still some potential for improvement in the research of this paper because
this article only takes into account the influencing elements between core manufacturing
company and non-core manufacturing companies while engaging in shared manufacturing.
On the one hand, a variety of variables, such as shared manufacturing product quality,
product evaluation, and market feedback, influence the game’s decision-making. On the
other hand, when taking part in shared production, it is also vital to take into account the
evolutionary game strategy of various company groups.
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