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Abstract

:

The resilient strategy of logistics service supply chains with government participation is not only an effective measure for manufacturers and integrators to lower the risks but also an important component of the modern risk management capability of government. From the perspective of risk society, this paper presupposes the existence of emergencies, embeds the “resilient ability” into the logistics service supply chain, establishes a tripartite evolutionary game model among the government, manufacturers, and integrators, and systematically analyzes the strategy selection process under the participation of the government. On this basis, through numerical experiments, this paper examines the supervision sensitivity with different policies on a micro level, investigates the impact incurred by the change in governmental reward and punishment degree, and further complements the research on the complexity of the strategy selection process in reality. The results show that in the short run, regardless of the reward and punishment measure the government chooses, the manufacturers and integrators will choose not to adopt and implement the resilient supply chain strategy, while, in the long run, increasing manufacturers’ initial supervision and implementing relevant reward and punishment measures can guide integrators to choose the strategy. Increasing government integrators’ reward degree and reducing costs can thus promote the enthusiasm of integrators in resilient logistics service supply chains.
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1. Introduction


Handling the challenge of increasingly fierce market competition, supply chain enterprises in Japan, Europe, and the United States take the lead in shifting their production mode to just-in-time production and lean management, adopting centralized production and distribution, and focusing more on acquiring and maintaining their core competitiveness. They transfer the noncore logistics business to professional and efficient outsourcers, to effectively reduce costs and improve efficiency [1,2]. With the improvement of the integrity and complexity of modern logistics outsourcing, various logistics organizations cooperate to form a complete logistics system with a multi-level supply and demand relationship from the perspective of demand, which constitutes the Logistics Service Supply Chain (LSSC) [3]. With the intensification of market competition, the transformation of business models, and the prominence of customers’ personalized needs, emergencies will inevitably interfere with the implementation of logistics plans. The prevailing zero-inventory management strategy challenges the effectual supply of logistics services in a short period, resulting in the loss of customers and market share. From the perspective of embeddedness, emergencies not only impact the product supply chain, but also generate serious impacts on the whole logistics service supply chains and the participants by triggering the deconstruction of enterprise alliances. For example, the outbreak of COVID-19 in 2020 has been a major public health emergency, which has affected various logistics providers, including transportation, storage, freight forwarders, and the integrators served by them, as well as downstream customers, causing serious dysfunction in the logistics service supply chain network. In 2021, The Ever-Given ship event in the Suez Canal led to the cutting off of the most important shipping lane between Europe and Asia, and this sudden logistical crisis was another “attack” to the global supply chain, causing months of disruption of manufacturing. As a result, it was difficult for upstream providers to provide accurate logistics services, incurring serious losses to the product supply chain. Therefore, it is quite necessary to study how to deal with the logistics service supply chain risks under emergencies.



Resilience is a multidimensional and multidisciplinary concept that has its roots in psychology and ecosystems [4] and has been applied to the field of supply chain management. Resilience is generally considered the dynamic capability of an organization to resist risk when dealing with the risk of disruption. In contrast, supply chain resilience is a combination of the robustness and recoverability of a supply chain and includes two core components: First, in the event of a major disaster or disruption, the supply chain system can completely avoid the risk or survive with minimal losses, minimizing the extent of disruption. The second is the capability to react quickly and find an effective recovery path to a stable state when the supply chain is disrupted. The resilient supply chains’ embeddedness requires better preparation, more flexible response, and faster recovery than competitors [5,6]. This fully reflects the superiority of the resilience mechanism, so supply chain resilience provides a new research idea for dealing with the uncertainty of emergency risk [7]. Taleizadeh et al. [8] utilized a Stackelberg game approach for designing resilient supply chains and investigated the impact of using resilience strategies on supply chains competition. Sabouhi et al. [9] presented a hybrid model that aims to determine sourcing and network design decisions, as well as resilience strategies for designing a sustainable supply chain that is resilient to random disruptions. At present, academia mainly focuses on the resilience mechanism of the product supply chain but does not directly involve studying the resilience of logistics service supply chains. Therefore, in the process of logistics service supply chain operation, the existence of emergencies is inevitable, and the resilient system of the product supply chain and logistics service supply chain to deal with emergencies under the participation of government should be established, which is undoubtedly of great value to improve customer satisfaction.



Manufacturers and integrators are both subjects of the limited rational game with government participation, and the three participants have their game strategies with information asymmetries. This paper mainly explores answers to the following three questions:



(1) From the perspective of embeddedness, is there a strategy of stabilization in the evolutionary game among the three participants of government, manufacturer, and integrator?



(2) What is the relationship between the equilibrium convergence of government, manufacturer, and integrator, as well as the initial strategy selection of the respective groups in the evolution process? How does the initial choice affect policy stability?



(3) Can the sustainable development of the resilient supply chain be realized by adjusting the subsidy and penalty degree of government to the integrators?



The main contributions of this paper are as follows: (1) This paper constructs a tripartite asymmetric model of government, manufacturer, and integrator, and uses evolutionary game theory to analyze the resilient decision-making of participants, to achieve optimal returns under bounded rationality. (2) At present, studies on resilient supply chains have mainly focused on product supply chains, while the logistics service supply chain is based on capacity coordination, which is quite different from the product supply chain. The resilience mechanism directly affects the emergency response strategy of the product supply chain and logistics service supply chain cooperation alliance. (3) This paper draws insightful conclusions that the final equilibrium strategy of the three parties can be changed by adjusting the initial parameters. Among them, the reward and punishment from the government and manufacturer resilience strategy are the decisive factors for implementing the resilient logistics service supply chain, which provides the basis for relevant governmental policies.



The remainder of this paper is organized as follows. We summarize the related literature in Section 2. Section 3 provides the assumptions for this study and parameters. Section 4 analyzes the strategic stability of each game agent. Section 5 conducts the simulation and sensitivity analysis. The conclusions, management insights, and future research directions are presented in Section 6.




2. Literature Review


2.1. Coordination of Logistics Service Supply Chain


A good logistics cooperation and service system are important factors for the coordination of the logistics service supply chain. Some scholars have studied logistics service transaction strategies based on the theory of options contracts. Liu et al. [10] studied the impacts of loss-averse preference on the service capacity procurement decisions with demand updating in a logistics service supply chain, which consists of one logistics service integrator and one functional logistics service provider. Zhang et al. [11] analyzed the risk evolution and the main actors’ reactions in the LSSC, including categorizing the urgent scenarios, analyzing their impacts on the diffusion intensity of pricing, profit, and demand, and verifying the models’ validity with the numerical analysis. Lou et al. [12] studied the choice of logistics service outsourcing in the retailer-led supply chain and found that when retailers share part of the fixed cost, a win–win situation will be achieved. Logistics service cost and transaction quantity are also concerned by service supply and demand enterprises, as with the price and quantity coordination of the product supply chain. Wang et al. [13] established a nonlinear mixed-integer multi-objective optimization model for service provider selection and order allocation in the mode of mass customization logistics service. Choi [14] explored a logistics service supply chain with which the logistics-service provider has to decide the reserved quantity of capacity to satisfy future demand in the upcoming season, which depends on whether market disruption occurs or not. Herold [15] provided new insights into the reactions and lessons learned, concerning the COVID-19 pandemic in terms of how logistics service providers managed to maintain supply chains’ resilience and what focused areas have been changed to keep operations functional and maintain financial stability. At present, the risk of the logistics service supply chain adopts the game theory, simulation model, and other methods to build a mathematical model of capacity to demonstrate the internal cooperation mechanism, which does not involve the resilient capability of the logistics service supply chain to deal with the risk of emergencies. This provides a research opportunity for this study.




2.2. Theory of Supply Chain Resilience


With the increasingly intensive global competition, enterprises are more vulnerable to the risk of unexpected events due to the fluctuation of the business environment, the change in management mode, and the complication of the supply chain network [16,17]. In recent years, research on the risk of the supply has become a prevalent topic. Empirical research and quantitative models are used as tools to analyze supply chain vulnerability and supply chain risk performance. Ruel et al. [18] observed an increase in the complexity and vulnerability of their supply chains as a result of global networks and a turbulent environment. Sharma et al. [19] investigated and prioritized the factors that are responsible for supply chain vulnerability. Parast and Subramanian [20] examined the relationship of supply chain disruption risk drivers and firm performance. Largely, the embedded resilient supply chain mechanism posits better preparation, faster response, and faster recovery [21], providing a new research direction for dealing with the uncertainty of emergency risk, and gradually becomes an important topic of supply chain management research.




2.3. Optimization of Supply Chain Resilience


Scholars first carried out in-depth studies on the resilience strategy of supply chain construction. Um and Han [22] theoretically hypothesized and empirically explored the relationships amongst global supply chain risks, supply chain resilience, and mitigating strategies. Nikookar and Yanadori [23] showed that supply chain managers’ social capital, human capital, and cognition are critical to the development of three organizational supply chain resilience antecedents: visibility, responsiveness, and flexibility, which subsequently enhance the firm’s supply chain resilience. Scholars have also conducted insightful studies on the game coordination of resilient cost and benefit. Shoja et al. [24] proposed a mixed-integer linear programming (MILP) model to analyze the efficiency of different delivery modes affecting the resilience of the entire supply chain. Delic et al. [25] studied the impact of supply chain resilience on supply chain performance in the context of the European automotive industry. Taleizadeh et al. [8] utilized a Stackelberg game approach for designing resilient supply chains under price competition and facilities disruption. Diehlmann et al. [26] created the game-theoretic model of Public-Private Emergency Collaborations that provides more detailed information into the motivation and incentives of the partners involved in emergency collaborations. In addition, some scholars have introduced simulations to study the effectiveness of the supply chain resilience management strategy under different supply and demand conditions [27].



According to the literature review, although abundant achievements have been made in the study of supply chain resilience, they mainly focused on the resilience mechanism of the product supply chain, and have not involved the logistics service supply chain resilience. As the logistics service supply chain is based on capacity coordination, which is quite different from the product supply chain, it significantly affects the formation and strengthening of the cooperative alliance. Therefore, this paper intends to introduce the “resilient capability” into the logistics service supply chain, discuss the evolution of the logistics service supply chain resilient system under the participation of the government, and build a long-term mechanism for responding to emergencies of the logistics service supply chain.





3. Model Establishment and Solution


3.1. Model Assumptions


The assumptions for the model describing the tripartite evolutionary game based on government participation, manufacturer support, and integrator operation are as follows Table 1:




3.2. Parameter Settings


According to the model premises and the key factors concerned by the government, manufacturers, and integrators in selecting their strategies, the model parameters are set. The meanings of each symbol are as follows:



 D  is the production scale of the manufacturer using the resilient supply chain (currency unit: CYN);



 α  is the proportion of the governments implementing the supervisory strategy for the resilient supply chain system;



 β  is the proportion of resilient supply chains in the manufacturer set;



 γ  is the proportion of implementing resilient logistics service supply chains in the integrator set;



   φ 1    is the penalty rate of the government for the manufacturer not adopting resilient supply chains;



 s  is the penalty cost of the government for the integrator not implementing the resilient logistics service supply chains (currency unit: CNY);



   c 1    is the cost of the government supervising whether the manufacturer adopts flexible supply chains (current unit: CNY);



   c 2    is the cost of the government supervising whether the integrator implements resilient logistics service supply chains (currency unit: CNY);



   c 3    is the cost of the manufacturer monitoring whether the integrator implements resilient logistics service supply chains (currency unit: CNY);



   c 4    is the cost of implementing the resilient logistics service supply chains for the integrator (currency unit: CNY);



   c 5    is the opportunity cost of the supply chains where the integrator does not implement resilient logistics services (currency unit: CNY);



   g 1    is the social benefit when the integrator implements the resilient logistics service supply chains in the case of resilient supply chains (currency unit: CNY);



   g 2    is the social benefit when the integrator implements the resilient logistics service supply chains in the case of nonresilient supply chains (currency unit: CNY);



   g 3    is the social benefit when the integrator does not implement the resilient logistics service supply chains in the case of resilient supply chains (currency unit: CNY);



   g 4    is the government social benefit when the integrator does not implement the resilient logistics service supply chains in the case of nonresilient supply chains (currency unit: CNY);



   μ 1    is the subsidy rate of the government for the manufacturer adopting resilient supply chains;



   μ 2    is the subsidy rate of the government for the integrator implementing the resilient logistics service supply chains;



   m 1    is the income of the manufacturer when adopting the resilient supply chains strategy (currency unit: CNY);



   m 2    is the income of the manufacturer who does not adopt the resilient supply chains strategy (currency unit: CNY);



   l 1    is the income obtained by the integrator when implementing the resilient logistics service supply chains in the resilient supply chains (currency unit: CNY);



   l 2    is the income obtained by the integrator when implementing the resilient logistics service supply chains in the case of nonresilient supply chains (currency unit: CNY);



   l 3    is the income obtained when the integrator does not implement the resilient logistics service supply chains in the case of resilient supply chains (currency unit: CNY);



   l 4    is the income obtained when the integrator does not implement the resilient logistics service supply chains in the case of nonresilient supply chains (currency unit: CNY).



The effective implementation of resilient supply chains under emergencies is the result of a dynamic game among the government, manufacturer, and integrator. According to the model premises, the strategic choices of the government (supervision or not), the manufacturer (adoption or not), and the integrators (implementation or not) are combined [28], as shown in Table 2. Taking (   x 1   ,    y 1   ,    z 1   ) as an example, when the government chooses the supervision strategy, the manufacturer chooses to adopt the resilient supply chains, and the integrator chooses to implement the resilient logistics service supply chains. The government income will be the social benefits when the integrator implements the resilient logistics service supply chains under the condition of resilient supply chains (   g 1   ), minus the government’s supervision costs (   c 1    and    c 2   ) for the manufacturer and integrator, and minus the government’s subsidies (   μ 1  D   and    μ 2   c 4   ) for the manufacturer and integrator, namely,    g 1  −  c 1  −  c 2  −  μ 1  D −  μ 2   c 4   . The manufacturer’s income will be its revenue when the integrator implements the resilient logistics service supply chains under the condition of resilient supply chains (   m 1   ), minus the manufacturer’s supervision cost (   c 3   ) for the integrator to implement the resilient logistics service supply chains, plus the government’s subsidy (   μ 1  D  ) to the manufacturer, namely,    m 1  −  c 3  +  μ 1  D  . The income of the integrator will be its revenue when implementing the resilient logistics service supply chains under the condition of resilient supply chains (   l 1   ), minus the cost of the integrator implementing the resilient logistics service supply chains (   c 4   ), plus the government subsidy to the integrator (   μ 2   c 4   ), namely,    l 1  −  c 4  +  μ 1   c 4   . Similarly, the game benefit of the government, manufacturer, and integrator can be derived, and the results are shown in Table 3.





4. Strategic Stability Analysis


The evolutionary game theory discusses the equilibrium of limited rational participants through replication dynamic analysis, which is helpful to draw a comprehensive conclusion and can avoid the defects of the complete rationality premise in traditional game theory [29,30].



4.1. Stability Analysis of Government Strategy


(1) Government equilibrium strategy



Assuming that the expected return of government supervision is    E  G 1    , the expected return of government nonsupervision is    E  G 2    , and the average expected return of government is    E G   , we can obtain:


     E  G 1   = β γ (  g 1  −  c 1  −  c 2  −  μ 1  D −  μ 2   c 4  ) + ( 1 − β ) γ (  g 2  −  c 1  −  c 2  +  φ 1  D −  μ 2   c 4  ) +     β ( 1 − γ ) (  g 3  −  c 1  −  c 2  −  μ 1  D + s ) + ( 1 − β ) ( 1 − γ ) (  g 4  −  c 1  −  c 2  +  φ 1  D + s )    



(1)






   E  G 2   = β γ  g 1  + ( 1 − β ) γ  g 2  + β ( 1 − γ )  g 3  + ( 1 − β ) ( 1 − γ )  g 4   



(2)






      E G  = α  E  G 1   + ( 1 − α )  E  G 2   = α [ β γ (  g 1  −  c 1  −  c 2  −  μ 1  D −  μ 2   c 4  ) + ( 1 − β ) γ (  g 2  −  c 1  −  c 2  +  φ 1  D −  μ 2   c 4  ) +     β ( 1 − γ ) (  g 3  −  c 1  −  c 2  −  μ 1  D + s ) + ( 1 − β ) ( 1 − γ ) (  g 4  −  c 1  −  c 2  +  φ 1  D + s ) ] + ( 1 − α ) [ β γ  g 1  + ( 1 − β ) γ  g 2      + β ( 1 − γ )  g 3  + ( 1 − β ) ( 1 − γ )  g 4  ]     



(3)







The dynamic equation and first derivative of government strategy replication are as follows:


    F ( α ) =   d α   d t   = α (  E  G 1   −  E G  )     = α ( 1 − α ) [ ( 1 − β )  φ 1  D + ( 1 − γ ) s − β  μ 1  D − γ  μ 2   c 4  −  c 1  −  c 2  ]    



(4)







When   [ ( 1 − β )  φ 1  D + ( 1 − γ ) s − β  μ 1  D − γ  μ 2   c 4  −  c 1  −  c 2  ] = 0  , then all evolutionary choices of the government are stabilizing strategies. Thus, the threshold    γ ′  =   [ ( 1 − β )  φ 1  D + s − β  μ 1  D −  c 1  −  c 2  ]  /  (  μ 2   c 4  + s )    .



When   [ ( 1 − β )  φ 1  D + ( 1 − γ ) s − β  μ 1  D − γ  μ 2   c 4  −  c 1  −  c 2  ] ≠ 0   and the threshold    γ ′  ≠   [ ( 1 − β )  φ 1  D + s − β  μ 1  D −  c 1  −  c 2  ]  /  (  μ 2   c 4  + s )    , then   α = 0  ,   α = 1   are the two stabilization points through the government strategy’s evolution. Finding the first derivative of   F ( α )  , we can obtain:


    d F ( α )   d α   = ( 1 − 2 α ) [ ( 1 − β )  φ 1  D + ( 1 − γ ) s − β  μ 1  D − γ  μ 2   c 4  −  c 1  −  c 2  ]  



(5)







When stabilizing conditions of evolutionary game     d F ( α )  /  d α   < 0  , the analysis of the different values   [ ( 1 − β )  φ 1  D + ( 1 − γ ) s − β  μ 1  D − γ  μ 2   c 4  −  c 1  −  c 2  ]   is as follows:



(1) If   [  φ 1  D + s −  c 1  −  c 2  ] < 0  , as   0 ≤ α ≤ 1  ,   0 ≤ β ≤ 1  ,   0 ≤ γ ≤ 1  , and   [ ( 1 − β )  φ 1  D + ( 1 − γ ) s − β  μ 1  D − γ  μ 2   c 4  −  c 1  −  c 2  ] < 0  . When   α = 1  ,     d F ( α )  /  d α   > 0  ; when   α = 0  ,     d F ( α )  /  d α   < 0  . Thus,   α = 0   is the stabilizing strategy for the evolutionary game.



(2) If   [  φ 1  D + s −  c 1  −  c 2  ] > 0   and   γ <   [ ( 1 − β )  φ 1  D + s − β  μ 1  D −  c 1  −  c 2  ]  /  (  μ 2   c 4  + s )    , when   α = 0  ,     d F ( α )  /  d α   > 0  ; when   α = 1  ,     d F ( α )  /  d α   < 0  . Thus,   α = 1   is the stabilizing strategy for the evolutionary game.



(3) If   [  φ 1  D + s −  c 1  −  c 2  ] > 0   and   γ >   [ ( 1 − β )  φ 1  D + s − β  μ 1  D −  c 1  −  c 2  ]  /  (  μ 2   c 4  + s )    , when   α = 0  ,     d F ( α )  /  d α   < 0  ; when   α = 1  ,     d F ( α )  /  d α   > 0  . Thus,   α = 0   is the stabilizing strategy for the evolutionary game.



To sum up, the phase diagram of governmental strategy selection is shown in Figure 1.



As can be seen from Figure 1, when the initial strategy choice of the government is within    V  α 1    , then   [  φ 1  D + s −  c 1  −  c 2  ] < 0   and    φ 1  D + s <  c 1  +  c 2   , the governmental benefits from punishing the manufacturers and integrators are less than the latter two’s supervision costs, and thus   α = 0   is the stabilizing strategy. Therefore, when the governmental punishment income is less than the supervision cost, the government will choose the nonsupervision strategy. When the initial strategy choice of the government is within    V  α 2    ,   [  φ 1  D + s −  c 1  −  c 2  ] > 0   and    φ 1  D + s >  c 1  +  c 2   , the governmental benefits from punishing the manufacturers and integrators are more than their supervision costs, and thus   α = 1   is the stabilizing strategy. Therefore, when the governmental punishment income is more than the supervision cost, the government will choose the supervision strategy. According to the threshold    γ ′  =   [ ( 1 − β )  φ 1  D + s − β  μ 1  D −  c 1  −  c 2  ]  /  (  μ 2   c 4  + s )    , if the government subsidy parameter    μ 1       μ 2    increases, the threshold   γ ′   will decrease. The downward movement of the cross-section leads to a space increase of    V  α 1    , that is, the greater the government’s subsidy coefficient to the manufacturers and integrators, the more the government’s “nonsupervision” strategy expands the scope of space. On the contrary, if the governmental supervision costs    c 1       c 2    rise, the threshold   γ ′   cross-section moves downward and the space    V  α 2     decreases; namely, the higher the governmental supervision cost, the more spaces of the governmental “nonsupervision” strategy there will be, forming a cost pressure on the government to choose the “nonsupervision” strategy.



The above scenario is more in line with the reality of the development of the industrial chain and supply chain in some countries without external risks, simply focusing on economic benefits while ignoring security. The main reason for this situation is that the academia of management advocates for lean manufacturing and efficiency, simply relying on economic growth and the improvement of supply chain efficiency to indicate the development status of local government and enterprises [31,32]. As a result, relevant government departments may ignore social benefits to expand their achievements. They do not increase funds to support enterprises to implement the flexible operation but also do not punish enterprises for ignoring such social benefits. As a result, participating enterprises have neither external concerns about being punished for the loss of social benefits nor internal motivation to implement the resilient supply chains strategy.




4.2. Stability Analysis of Manufacturer’s Strategy


(1) Manufacturer equilibrium strategy



Assuming that the expected return of the manufacturer adopting the strategy is    E  M 1    , the expected return without adopting the strategy is    E  M 2    , and the average expected return of the government is    E M   , we can obtain:


     E  M 1   = α γ (  m 1  −  c 3  +  μ 1  D ) + α ( 1 − γ ) (  m 1  −  c 3  +  μ 1  D ) +     ( 1 − α ) γ (  m 1  −  c 3  ) + ( 1 − α ) ( 1 − γ ) (  m 1  −  c 3  )    



(6)






     E  M 2   = α γ ( 2  m 2  −  m 1  −  φ 1  D ) + α ( 1 − γ ) ( 2  m 2  −  m 1  −  φ 1  D ) +     ( 1 − α ) γ ( 2  m 2  −  m 1  ) + ( 1 − α ) ( 1 − γ ) ( 2  m 2  −  m 1  )    



(7)






     E M  = β  E  M 1   + ( 1 − β )  E  M 2       = β [ α γ (  m 1  −  c 3  +  μ 1  D ) + α ( 1 − γ ) (  m 1  −  c 3  +  μ 1  D ) + ( 1 − α ) γ (  m 1  −  c 3  ) + ( 1 − α ) ( 1 − γ )     (  m 1  −  c 3  ) ] + ( 1 − β ) [ α γ ( 2  m 2  −  m 1  −  φ 1  D ) + α ( 1 − γ ) ( 2  m 2  −  m 1  −  φ 1  D ) + ( 1 − α ) γ ( 2  m 2  −  m 1  )     + ( 1 − α ) ( 1 − γ ) ( 2  m 2  −  m 1  ) ]    



(8)







The dynamic equation and first derivative of the manufacturer strategy replication are as follows:


    F ( β ) =   d β   d t   = β (  E  M 1   −  E M  )     = β ( 1 − β ) [ α (  μ 1  D +  φ 1  D ) + 2  m 1  − 2  m 2  −  c 3  ]    



(9)







When   [ α (  μ 1  D +  φ 1  D ) + 2  m 1  − 2  m 2  −  c 3  ] = 0  , then all evolutionary choices of the manufacturer are stabilizing strategies. Thus, the threshold    α ′  =   [ 2  m 2  − 2  m 1  +  c 3  ]  /  (  μ 1  D +  φ 1  D )    . When   [ α (  μ 1  D +  φ 1  D ) + 2  m 1  − 2  m 2  −  c 3  ] ≠ 0   and the threshold    α ′  ≠   [ 2  m 2  − 2  m 1  +  c 3  ]  /  (  μ 1  D +  φ 1  D )    , then   β = 0  ,   β = 1   are the two stabilization points through the governmental strategy’s evolution. Finding the first derivative of   F ( β )  :


   F ′  ( β ) =   d F ( β )   d β   = ( 1 − 2 β ) [ α (  μ 1  D +  φ 1  D ) + 2  m 1  − 2  m 2  −  c 3  ]  



(10)







When stabilizing conditions of the evolutionary game    F ′  ( β ) < 0  , the analysis of the different values   [ 2  m 2  +  c 3  − 2  m 1  ]   is as follows:



(1) If   [ 2  m 2  +  c 3  − 2  m 1  ] > (  μ 1  D +  φ 1  D )  , as   0 ≤ α ≤ 1  ,   0 ≤ β ≤ 1  ,   0 ≤ γ ≤ 1  , and    α ′  > α  . When   β = 1  ,     d F ( β )  /  d β   > 0  ; when   β = 0  ,     d F ( β )  /  d β   < 0  . Thus,   β = 0   is the stabilizing strategy for the evolutionary game.



(2) If   [ 2  m 2  +  c 3  − 2  m 1  ] < (  μ 1  D +  φ 1  D )   and   α >  α ′   , when   β = 1  ,     d F ( β )  /  d β   < 0  ; when   β = 0  ,     d F ( β )  /  d β   > 0  . Thus,   β = 1   is the stabilizing strategy for the evolutionary game. If   [ 2  m 2  +  c 3  − 2  m 1  ] < (  μ 1  D +  φ 1  D )   and   α <  α ′   , when   β = 1  ,     d F ( β )  /  d β   > 0  ; when   β = 0  ,     d F ( β )  /  d β   < 0  . Thus,   β = 0   is the stabilizing strategy for the evolutionary game.



To sum up, the phase diagram of the manufacturer’s strategy selection is shown in Figure 2.



As can be seen from Figure 2, when the initial strategy choice of the manufacturers is within    V  β 1    , then   [ 2  m 2  +  c 3  − 2  m 1  ] > (  μ 1  D +  φ 1  D )   and    α ′  > 1  , and thus   β = 0   is the stabilizing strategy for the evolutionary game, namely, the manufacturers do not choose the resilient supply chain strategy. Therefore, when the profit of adopting the resilient supply chain strategy is less than that of no adoption, the manufacturers will choose not to adopt the resilient supply chain strategy. However, when the initial strategy choice of the manufacturers is within    V  β 2    , then   [ 2  m 2  +  c 3  − 2  m 1  ] < (  μ 1  D +  φ 1  D )   and    α ′  < 1  , and thus   β = 1   is the stabilizing strategy for the evolutionary game, namely, the government’s benefits from punishing the manufacturers and integrators are more than the cost of monitoring them, and thus,   α = 1   is the stabilizing strategy, which means that the manufacturers will adopt the resilient supply chains strategy. Therefore, if the manufacturers adopt the resilient supply chain strategy, the profit will be higher than that without it. As a threshold    α ′  =   [ 2  m 2  +  c 3  − 2  m 1  ]  /  (  μ 1  D +  φ 1  D )    , if the government subsidy parameter    μ 1    and penalty coefficient    φ 1    increase, the threshold   α ′   will decrease. The cross-section moves leftward, leading to a space decrease    V  β 1    , which indicates that the greater the government subsidy and penalty to the manufacturers, the higher the manufacturer’s willingness to choose the resilient scheme. If the manufacturer’s supervision cost of implementing the resilient logistics services to integrators increases (   c 3   ), the threshold   α ′   will increase. The cross-section moves rightward, leading to a space increase    V  β 1    , which indicates that the greater the manufacturer’s supervision cost, the lower the manufacturer’s willingness to choose the resilient schemes. To sum up, which strategy manufacturers adopt relies on whether it can help maximize the revenue, which in turn implies why it is not effective to implement the resilient supply chain merely based on economic benefit.




4.3. Stability Analysis of Integrator’s Strategy


(1) Integrator equilibrium strategy



Assuming that the integrator’s expected return from implementing the strategy is    E  I 1    , the expected return from not implementing the strategy is    E  I 2    , and the integrator’s average expected return is    E I   , we can obtain:


     E  I 1   = α β (  l 1  −  c 4  +  μ 1   c 4  ) + α ( 1 − β ) (  l 2  −  c 4  +  μ 1   c 4  )     + ( 1 − α ) β (  l 1  −  c 4  ) + ( 1 − α ) ( 1 − β ) (  l 2  −  c 4  )    



(11)






     E  I 2   = α β (  l 3  −  c 5  − s ) + α ( 1 − β ) (  l 4  −  c 5  − s )     + ( 1 − α ) β (  l 3  −  c 5  ) + ( 1 − α ) ( 1 − β ) (  l 4  −  c 5  )    



(12)






     E I  = γ  E  I 1   + ( 1 − γ )  E  I 2       = γ [ α β (  l 1  −  c 4  +  μ 1   c 4  ) + α ( 1 − β ) (  l 2  −  c 4  +  μ 1   c 4  ) + ( 1 − α ) β (  l 1  −  c 4  ) + ( 1 − α ) ( 1 − β ) (  l 2  −  c 4  ) ] +     ( 1 − γ ) [ α β (  l 3  −  c 5  − s ) + α ( 1 − β ) (  l 4  −  c 5  − s ) + ( 1 − α ) β (  l 3  −  c 5  ) + ( 1 − α ) ( 1 − β ) (  l 4  −  c 5  ) ]    



(13)







The dynamic equation and first derivative of integrator strategy replication are as follows:


    F ( γ ) =   d γ   d t   = γ (  E  I 1   −  E I  )     = γ ( 1 − γ ) [  c 5  −  c 4  + β (  l 1  −  l 3  ) + ( 1 − β ) (  l 2  −  l 4  ) + α (  μ 2   c 4  + s ) ]    



(14)







When   [  c 5  −  c 4  + β (  l 1  −  l 3  ) + ( 1 − β ) (  l 2  −  l 4  ) + α (  μ 2   c 4  + s ) ] = 0  , then the evolutionary choices of integrators are stabilizing strategies. Thus, the threshold    β ′  =   [  c 4  −  c 5  +  l 4  −  l 2  − α (  μ 2   c 4  + s ) ]  /  (  l 1  +  l 4  −  l 2  −  l 3  )    . When   [  c 5  −  c 4  + β (  l 1  −  l 3  ) + ( 1 − β ) (  l 2  −  l 4  ) + α (  μ 2   c 4  + s ) ] ≠ 0   and the threshold    β ′  ≠   [  c 4  −  c 5  +  l 4  −  l 2  − α (  μ 2   c 4  + s ) ]  /  (  l 1  +  l 4  −  l 2  −  l 3  )    , then   γ = 0  ,   γ = 1   are the two stabilization points through the integrator strategy’s evolution. Finding the first derivative of   F ( γ )  , we can obtain:


   F ′  ( γ ) =   d F ( γ )   d γ   = ( 1 − 2 γ ) [  c 5  −  c 4  + β (  l 1  −  l 3  ) + ( 1 − β ) (  l 2  −  l 4  ) + α (  μ 2   c 4  + s ) ]  



(15)







When stabilizing conditions of the evolutionary game    F ′  ( γ ) < 0  , the analysis of different values   [  c 5  −  c 4  + β (  l 1  −  l 3  ) + ( 1 − β ) (  l 2  −  l 4  ) + α (  μ 2   c 4  + s ) ]   is as follows:



(1) If    μ 2   c 4  + s <  c 4  −  c 5  +  l 3  −  l 1   , as   0 ≤ α ≤ 1  ,   0 ≤ β ≤ 1  ,   0 ≤ γ ≤ 1  ,    l 2  <  l 4   , and   [  c 5  −  c 4  + β (  l 1  −  l 3  ) + ( 1 − β ) (  l 2  −  l 4  ) + α (  μ 2   c 4  + s ) ] < 0  . When   γ = 1  ,     d F ( γ )  /  d γ   > 0  ; when   γ = 0  ,     d F ( γ )  /  d γ   < 0  . Thus,   γ = 0   is the stabilizing strategy for the evolutionary game.



(2) If    μ 2   c 4  + s >  c 4  −  c 5  +  l 3  −  l 1    and   β >  β ′   , when   γ = 1  ,     d F ( γ )  /  d γ   < 0  ; when     γ = 0  ,    d F ( γ )  /  d γ   > 0  . Thus,   γ = 1   is the stabilizing strategy. If    μ 2   c 4  + s >  c 4  −  c 5  +  l 3  −  l 1    and   β <  β ′   , when   γ = 1  ,     d F ( γ )  /  d γ   > 0  ; when   γ = 0  ,     d F ( γ )  /  d γ   < 0  . Thus,   β = 0   is the stabilizing strategy.



To sum up, the phase diagram of the integrator’s strategy selection is shown in Figure 3.



As can be seen from Figure 3, when the initial strategy choice of the integrators is within    V  γ 1    , then    μ 2   c 4  + s <  c 4  −  c 5  +  l 3  −  l 1   , and thus   γ = 0   is the stabilizing strategy, namely, integrators do not implement the resilient logistics service supply chain. Under the situation of the governmental participation and manufacturer’s adoption of the resilient supply chain, if the integrators’ income from implementing the strategy is less than that from no implementation, the integrator will eventually choose not to implement the resilient logistics service. However, when the initial strategic choice of the integrators is within    V  γ 2    , then    μ 2   c 4  + s >  c 4  −  c 5  +  l 3  −  l 1   ,   [  c 5  −  c 4  + β (  l 1  −  l 3  ) + ( 1 − β ) (  l 2  −  l 4  ) + α (  μ 2   c 4  + s ) ] > 0  , and thus   γ = 1   is the stabilizing strategy, namely, the integrator implements the resilient logistics service supply chain. In the context of the governmental participation and manufacturer’s adoption of the resilient supply chain, if the integrators’ income from implementing the strategy is greater than that from no implementation, the integrator will eventually choose to implement the resilient logistics service. As the threshold is   [  c 5  −  c 4  + β (  l 1  −  l 3  ) + ( 1 − β ) (  l 2  −  l 4  ) + α (  μ 2   c 4  + s ) ]  , if    μ 1    increases, the threshold   γ ′   will decrease. The decreasing space    V  γ 1     in Figure 3 shows that when the government subsidy to the integrator is higher, more integrators tend to choose the resilient logistics service supply chain. If   s   increases, the threshold   γ ′   will decrease. The increasing space    V  γ 2     shows that the more the government punishes the integrators, the more the integrators tend to choose the resilient logistics service supply chain. Similarly, the smaller    c 4    and    c 5    are, namely, the lower the cost of implementing resilient logistics, the more the integrators tend to implement resilient logistics services.




4.4. Stability Analysis of Strategy Combination of the Participants


In addition to the analyses above, the strategic combination of the three players is analyzed integrally. According to the dynamic trend of the three participants, the space can be divided into eight equilibrium states, and each equilibrium state is sensitive to small disturbances. The tripartite game has no strict Nash equilibrium solution (pure equilibrium strategy solution), as shown in Table 4.



When the initial state is at the intersection of    V  α 2    ,    V  β 2    , and    V  γ 2    , the strategy of the participants will be in equilibrium (1, 1, 1); when the government only carries out the ‘supervision’ strategy, the manufacturer will adopt the resilient supply chain, and the integrator will implement the resilient logistics service supply chain. The above conclusions are consistent with the current real situation of industrial chain and supply chain logistics in developing countries. As building such resilient supply chains in these countries and regions in the case of emergencies is largely at an initial stage, the government needs to take necessary interventions [33]. In the short term, when the initial state is at the intersection of    V  α 2    ,    V  β 1    , and    V  γ 1    , the participants converge to (1,0,0). Although the government implements the ‘supervision’ strategy, and the manufacturers and integrators have not seen the operating income of the resilient supply chain and resilient logistics in the short term, even if the government takes the ‘supervision’ strategy in the initial state, the manufacturers and integrators still choose not to adopt or implement the strategy. Therefore, for effective intervention in the short term, the government can take effective reward and punishment measures to encourage the manufacturers and integrators to actively build a resilient supply chain system. In the long run, when the initial state is at the intersection of    V  α 1    ,    V  β 2    , and    V  γ 2    , the participants converge to the equilibrium state of (1,0,0). Due to the emergencies’ continuous effect on the supply chains, to ensure long-term benefits, even without the participation of the government, manufacturers and integrators will eventually take the initiative to adopt the adoption strategy, which is also the inevitable trend of supply chain development in a risky societal environment.





5. Example Analysis


In this paper, numeric experiments are used to analyze the impact of the initial proportion of each subject selection strategy in the logistics service supply chain and the change in government reward and punishment parameters with the evolution. This section is carried out via the software MATLAB 2017a. To verify the feasibility and effectiveness of the model and avoid the bias of specific examples influencing the model’s reliability, the basic parameters are set randomly within the constraints of the parameter relationship in Section 3.2. The details are as follows:   D = 100  ,    c 1  = 2  ,    c 2  = 2  ,    c 3  = 5  ,    c 4  = 7  ,    c 5  = 9  ,    μ 1  = 0.2  ,    μ 2  = 0.1  ,    φ 1  = 0.3  ,   s = 30  ,    m 1  = 40  ,    m 2  = 50  ,    l 1  = 30  ,    l 2  = 35  ,    l 3  = 47  ,    l 4  = 42  , and   λ = 0.2  . According to these parameters, the overall experimental environment for resilient coordination decision-making of logistics service supply chains with government participation is established, and the sensitivity is adopted to further analyze the impact on resilient decision-making if the government changes the subsidy and penalty degree.



5.1. Influence of Initial Proportion of Selection Strategy on Evolution Results


(1) Participant strategy selection with a fixed initial value



As mentioned above,   α ′  ,   β ′  , and   γ ′   respectively represent the initial proportion of governmental supervision strategy, the manufacturer’s resilient supply chains strategy, and the integrator’s resilient logistics service supply chain strategy. The fixed initial values are    α ′  = 0.1  ,    β ′  = 0.1  , and    γ ′  = 0.1  , respectively. As shown in Figure 4, with the mutual influence through the evolution between the government, manufacturers, and integrators, the equilibrium convergence of each subject is not only related to the initial proportion of their selection but also affected by the initial proportion of the manufacturers’ and integrators’ strategy selection. Meanwhile, the probability of the three parties participating in the evolution is similar to a certain periodic fluctuation, and the equilibrium state cannot be achieved all the time. It shows that there is no stable point in the tripartite evolutionary game.



(2) Influence of initial proportion change on participant selection



With the initial values that    α ′  = 0.1  ,    β ′  = 0.2  , and    γ ′  = 0.2  , Figure 2 shows that in different initial states, only considering the change in initial state, the government, manufacturers, and integrators choose the equilibrium strategy without considering the later interaction of the three parties. Consistent with the previous comprehensive conclusion, there are eight different equilibrium results for participants in different initial game states [34]. Figure 5 shows that when the initial government supervision is low, the manufacturers and integrators have relatively little external pressure. Even if the government supervision is significantly increased later, they will still choose not to adopt or implement the strategy. On the contrary, when the government initially adopts high-level supervision, that is, the initial proportion of supervision is adjusted from 0.1 to 0.6, the manufacturers and integrators are under high-level pressure (Figure 6). Manufacturers thus tend to implement the resilient supply chains strategy, while integrators prefer to implement the resilient logistics service supply chains strategy. Even if the government regulation is aborted later, the manufacturers and integrators will intentionally implement resilient supply chains.




5.2. Impact of Governmental Participation on the Evolution


This part kept other parameters unchanged to investigate the evolutionary impact of the government on the change in integrator subsidy and penalty. The initial proportion of the government group supervision strategy is    α ′  = 0.4  , the initial proportion of the manufacturers adopting the resilient supply chains is    β ′  = 0.2  , and the initial proportion of integrators implementing the resilient logistics service supply chains is    γ ′  = 0.6  . Figure 7 shows the implementation of the original government subsidy coefficient    φ 1  = 0.3   and punishment amount   s = 30  . Under this circumstance, the integrator does not tend to implement the resilient logistics service strategy, the manufacturer does not tend to adopt the resilient supply chains strategy, and the government chooses the supervision strategy; the strategy combination is (1, 0, 0). After adjusting the government subsidy coefficient    φ 1  = 0.6   and penalty amount   s = 40   (Figure 8), the integrator finally tends to implement the resilient logistics service supply chains, and the manufacturer tends to adopt the resilient supply chains. The government still chooses the supervision strategy, that is, the strategic combination is (1, 1, 1). This shows that when the government increases the integrators’ subsidy coefficient and punishment degree, the integrator chooses to implement the resilient logistics service supply chain to lower costs and increase revenue. It can be seen that the final equilibrium strategy of participants can be changed by adjusting the parameter value to realize the sustainable development of the resilient supply chains [35,36], which provides the basis for relevant governmental policies.





6. Conclusions and Implications


6.1. Conclusions


Resilient logistics service supply chains are an effective measure for manufacturers and integrators to deal with the challenges in an increasingly adverse and risky business environment, and governmental supervision and guidance is a vital premise for its steady implementation [37,38]. Aiming at the problem of realizing the resilient decision-making of logistics service supply chains in the environment with crises, this paper develops a tripartite asymmetric model of government, manufacturers, and integrators, and deploys evolutionary game theory to analyze the resilient decision-making of participants for the optimal income under limited rationality. The results show that in the short term, regardless of what reward and punishment measure the government chooses, manufacturers and integrators will choose not to adopt and implement the resilient logistics service supply chains, while in the long term, manufacturers and integrators will proactively choose to adopt and implement without government supervision. Moreover, the government reward and punishment, as well as the manufacturer’s resilient supply chains strategy, are the decisive factors for the integrators to implement resilient logistics in the long run.




6.2. Managerial Implications


In an era with considerable uncertainties, building resilient logistics service supply chains needs policy, technology, and management support, which will have to involve the government, manufacturers, integrators, and other stakeholders [39,40]. Compared to the supply chain enterprises’ direct implementation of mandatory measures or conventional measures such as subsidies, this paper involves governmental policies and the main players’ behavior, and analyzes the evolutionary game mechanism of how the government, manufacturers, and integrators adopt the resilient supply chains, generating managerial implications as follows:



(1) It can be seen from the stability analysis of government strategy in Section 4.1 that under the situation of various risks, government departments cannot simply focus on economic benefits and ignore potential risks. Building a resilient logistics service supply chain requires the government to explore the cooperative relationship with manufacturers, integrators, and other enterprises, as well as seek the horizontal balance of the participants. The government should also urge the manufacturers to adopt the resilient supply chain and the integrators to implement the resilient logistics service supply chain. Meanwhile, government departments are also required to implement diversified assessment standards for the companies involved [41], incorporate the indicators of social security into the evaluation system, increase the proportion of benefits for the social security, reduce the proportion of economic growth assessment, and promote the improvement of governance capacity.



(2) According to the manufacturer stability analysis in Section 4.2, it is not reasonable that the manufacturer decides to maximize revenue while maintaining the resilient supply chains with less economic performance [42]. According to the analysis in Section 5.1, we can guide manufacturers to choose a resilient supply chain strategy by improving the governmental initial supervision, adopting resilient supply chain subsidies and relevant punishment, compensating manufacturers’ redundant production, and reducing manufacturers’ supervision costs.



(3) Similarly, the integrator evolution strategy in Section 4.2 also determines its final strategy based on revenue. Through the analysis of Section 5.2, the government can improve the integrators’ enthusiasm for resilient logistics service supply chains by improving the subsidy rate of implementing resilient logistics service supply chains, strengthening nonimplementation punishment, and reducing implementation costs.




6.3. Research Limitations and Future Directions


Compared with previous studies that only considered the game between two parties, although this study develops an evolutionary model of the resilient logistics service supply chain to deal with crises among three parties, the impacts of crises often involve more in reality, such as supply, operation, and demand, especially in the presence of the commitment of different governments. Thus, it is necessary to interpret the complexity and dynamics of strategies from the perspective of the overall system and consider the complexity of crises. In further studies, system dynamics can be used to disentangle the comprehensive impacts of resilient logistics and supply chains. Vensim PLE v5.4B software can be used to simulate for exploring the crisis and its impact on the performance of a resilient system, facilitating the development of risk management measures.
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Figure 1. Phase diagram of governmental strategy selection. 
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Figure 2. Phase diagram of the manufacturer’s strategy selection. 
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Figure 3. Phase diagram of integrator’s strategy selection. 
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Figure 4. Equilibrium results of the tripartite evolutionary game with a fixed initial value. 
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Figure 5. Equilibrium results of tripartite evolutionary game with the governmental initial proportion    α ′  = 0.1  . 
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Figure 6. Equilibrium results of tripartite evolutionary game with the governmental initial proportion    α ′  = 0.6  . 
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Figure 7. Impact of tripartite evolutionary results before the change in governmental reward and punishment strategy. 
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Figure 8. Impact of tripartite evolutionary results after the change in governmental reward and punishment strategy. 
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Table 1. Evolutionary game model assumptions.






Table 1. Evolutionary game model assumptions.





	Dimension
	Assumption





	Participant
	The government, who inspects and supervises the resilient logistics service supply chains supported by manufacturers and integrators and formulates corresponding policies; the manufacturers, who adopt resilient supply chains to support the integrators; and the integrators, under the joint supervision of the government and manufacturers, who are the implementers of resilient logistics service supply chains.



	Purpose
	The purpose of the three parties is to maximize their respective interests. As the promoter of the coping strategy for an emergent crisis, optimal social benefits are the major goal of the government, while profit maximization is the main goal pursued by the manufacturers and integrators.



	Rationality
	Given the limited rationality of participants in reality, a traditional game is abandoned and an evolutionary game is chosen as the research tool.



	Strategy
	The government has two strategies: supervision and no supervision; the manufacturers also have two strategic choices for the resilient supply chains, namely adoption and no adoption; the integrators have two strategies as well: implementation and no implementation for the resilient operation of logistics service supply chains.
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Table 2. Portfolio return matrix of government, manufacturer, and integrator.
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The Integrator

	
    The   Government   Supervises   ( α )    

	
    The   Government   Does   Not   Supervise   ( 1 − α )    




	
   Adopted   by   the   Manufacturer   ( β )   

	
    Not   Adopted   by   the   Manufacturer   ( 1 − β )    

	
   Adopted   by   the   Manufacturer   ( β )   

	
    Not   Adopted   by   the   Manufacturer   ( 1 − β )    






	
   Implemented   ( γ )   

	
  (  x 1     ,    y 1     ,    z 1   )

	
  (  x 2     ,    y 2     ,    z 2   )

	
  (  x 3     ,    y 3     ,    z 3   )

	
  (  x 4     ,    y 4     ,    z 4   )




	
   Not   implemented   ( 1 − γ )   

	
  (  x 1 ′     ,    y 1 ′     ,    z 1 ′   )

	
  (  x 2 ′     ,    y 2 ′     ,    z 2 ′   )

	
  (  x 3 ′     ,    y 3 ′     ,    z 3 ′   )

	
   (  x 4 ′       ,    y 4 ′       ,    z 4 ′  )   
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Table 3. Strategic alternative for portfolio return of government, manufacturer, and integrator.
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	Strategic Alternative
	   Government   ( x )   
	   Manufacturer   ( y )   
	   Integrator   ( z )   





	(   x 1   ,    y 1   ,    z 1   )
	    g 1  −  c 1  −  c 2  −  μ 1  D −  μ 2   c 4    
	    m 1  −  c 3  +  μ 1  D   
	    l 1  −  c 4  +  μ 2   c 4    



	(   x 2   ,    y 2   ,    z 2   )
	    g 2  −  c 1  −  c 2  +  φ 1  D −  μ 2   c 4    
	   2  m 2  −  m 1  −  φ 1  D   
	    l 2  −  c 4  +  μ 2   c 4    



	(   x 3   ,    y 3   ,    z 3   )
	    g 1    
	    m 1  −  c 3    
	    l 1  −  c 4    



	(   x 4   ,    y 4   ,    z 4   )
	    g 2    
	   2  m 2  −  m 1    
	    l 2  −  c 4    



	(   x 1 ′   ,    y 1 ′   ,    z 1 ′   )
	    g 3  −  c 1  −  c 2  −  μ 1  D + s   
	    m 1  −  c 3  +  μ 1  D   
	    l 3  −  c 5  − s   



	(   x 2 ′   ,    y 2 ′   ,    z 2 ′   )
	    g 4  −  c 1  −  c 2  +  φ 1  D + s   
	   2  m 2  −  m 3  −  φ 1  D   
	    l 4  −  c 5  − s   



	(   x 3 ′   ,    y 3 ′   ,    z 3 ′   )
	    g 3    
	    m 1  −  c 3    
	    l 3  −  c 5    



	(   x 4 ′   ,    y 4 ′   ,    z 4 ′   )
	    g 4    
	   2  m 2  −  m 1    
	    l 4  −  c 5    
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Table 4. Game strategic alternatives of government, manufacturer, and integrator.
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Equilibrium Space

	
     V   β 1       

	
     V   β 2       




	
     V   γ 1       

	
     V   γ 2       

	
     V   γ 1       

	
     V   γ 2       






	
    V  α 1     

	
(0, 0, 1)

	
(0, 0, 1)

	
(0, 1, 0)

	
(0, 1, 1)




	
    V  α 2     

	
(1, 0, 0)

	
(1, 0, 1)

	
(1, 1, 0)

	
(1, 1, 1)
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