3.1Analysis of Strategic Stability in Chain-Leading Enterprises

The first-order derivative of  and the defined  are respectively:

		

		












According to the stability theorem of differential equations,the probability that the chain-leading enterprise chooses the active investment strategy is in a stable state must satisfy:and 。Since, is an increasing function of y. Therefore, when,we have ，At this point,, and the chain-leading enterprise cannot determine a stable strategy;When,,then,so is an evolutionarily stable strategy (ESS) for the chain-leading enterprise; Conversely,is the ESS. The phase diagram of the strategy evolution of the chain-leading enterprise is shown in Figure 2.
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Supplementary Fig. 1 Phase Diagram of Strategy Evolution of the Chain-Leading Enterprise





Supplementary figure 1 shows that the volume of probabilityfor the chain-leading enterprise to stably choose the passive investment strategy is , and the probability of choosing the active investment strategy is, with volume , It is calculated as:

		
Corollary 1: The probability that the chain-leading enterprise chooses the active investment strategy is positively correlated with the long-term benefits of the chain-leading enterprise’s active investment, government rewards and penalties, and the risk loss that the chain-leading enterprise may suffer from passive investment, and is negatively correlated with the high resilience cost Ce​ of the chain-leading enterprise’s active investment.







Proof: Based on the expression of the probability of the chain-leading enterprise choosing active investment, we calculate the first-order partial derivatives of each factor and obtain:,,,,. Therefore, an increase in Re，Le，Fg，Sor a decrease in Ce will increase the probability that the chain-leading enterprise chooses the active investment strategy. 
Corollary 1 shows that the key to increasing the probability of the chain-leading enterprise choosing active investment lies in raising the long-term benefits of active investment, strengthening government rewards and penalties, increasing the risk loss of passive investment, and reducing the high resilience investment cost of the chain-leading enterprise. By expanding the long-term benefits of active investment, increasing government subsidies and penalties, and raising the default loss and risk cost of passive investment, the probability that the chain-leading enterprise chooses the active investment strategy can be significantly improved. Conversely, reducing the high resilience‑building cost of the chain‑leading enterprise can also effectively incentivise it to proactively invest in industrial chain resilience and promote its stable evolution towards active investment.
Corollary 2: In the evolution process, the probability that the chain-leading enterprise chooses active investment increases with the probability of strict supervision by government regulatory authorities and the probability of cooperation by other enterprises in the chain.








Proof: From the stability analysis of the chain-leading enterprise's investment strategy, we know that when,,then . At this point,,so is the evolutionary equilibrium strategy. Conversely, when the opposite conditions hold,is the evolutionary equilibrium strategy. Therefore, as y increases and z decreases, the stable strategy of the chain-leading enterprise increases from (passive investment) to( active investment).
Corollary 2 indicates that the probability of the chain-leading enterprise choosing active investment increases significantly with the probability of strict supervision by government regulatory authorities and with the probability of non‑cooperation by on‑chain enterprises. The stricter the government regulation, the more effectively it can constrain the behaviour of the chain‑leading enterprise and enhance its compliance motivation and sense of responsibility regarding resilience investment. The higher the probability of cooperation by on‑chain enterprises, the better the overall resilience foundation of the industrial chain, the higher the marginal returns of active investment by the chain‑leading enterprise, and the lower the risks, making it more willing to invest proactively to consolidate its industrial chain advantages. Therefore, strengthening government regulation and promoting cooperation among on‑chain enterprises both help drive the chain‑leading enterprise towards the stable evolutionary direction of active investment and proactive upgrading.

3.2 Analysis of Strategic Stability of Other Enterprises in the Industrial Chain



The first derivative ofand the defined  are respectively:
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[bookmark: _Hlk235560838][bookmark: _Hlk235560921][bookmark: _Hlk235560941][bookmark: _Hlk235560963][bookmark: _Hlk235560982][bookmark: _Hlk235561021]According to the stability theorem of differential equations, the probability for other enterprises in the industrial chain to adopt a cooperative strategy can maintain a stable state only when the following conditions are met: and.since,  is an increasing function of . Therefore, when ,we have.At this point,, and other enterprises in the industrial chain cannot converge to a stable strategy.When,.Then,sois an evolutionarily stable strategy (ESS) for other enterprises in the industrial chain. Conversely, when z>z∗,is the ESS. The phase diagram of the strategy evolution of other enterprises in the chain is shown in Figure 3.
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Supplementary Fig. 2 Phase Diagram for the Evolutionary Strategies of Other Enterprises in the Industrial Chain




Supplementary figure 2 shows that the volume of probabilityfor other enterprises in the chain choosing the cooperative strategy is, and the volume of probability for stably choosing the non‑cooperation strategy is . They are calculated as:

		
Corollary 3 The probability that on‑chain enterprises choose cooperation is positively correlated with the benefits brought by the chain‑leading enterprise’s active investment, the disruption loss that on‑chain enterprises may suffer from non‑cooperation, and the government’s reward, and is negatively correlated with the cost of cooperation for on‑chain enterprises.





Proof: Based on the expression of the probability for other enterprises in the chain choosing non‑cooperation, calculate the first-order partial derivatives of each factor, obtaining:,,,. Therefore, an increase in Lu,Ru,Rm or a decrease in Cu can all make the probability of other enterprises in the chain choosing cooperation increase. 
Corollary 3 shows that the probability of on‑chain enterprises choosing cooperation is positively correlated with the benefits generated by the chain‑leading enterprise’s active investment, the disruption loss that on‑chain enterprises may incur from non‑cooperation, and the government’s reward, and is negatively correlated with the resilience‑building cost of cooperation for on‑chain enterprises. Specifically, increasing the benefits that on‑chain enterprises gain from the chain‑leading enterprise’s active investment, increasing government rewards, and raising the disruption loss from non‑cooperation can effectively raise the probability that on‑chain enterprises choose cooperation. Conversely, if the cooperation cost for on‑chain enterprises is too high, it will greatly weaken their motivation to cooperate and hinder the promotion of industrial chain resilience building. This also implies that, in the process of building industrial chain resilience, measures such as optimising benefit distribution, increasing policy subsidies, strengthening penalty constraints, and reducing participation costs can guide on‑chain enterprises to actively choose the cooperation strategy, fully exert their participatory role in resilience building, and promote the formation of a multi‑party collaborative resilience building system.
Corollary 4 In the evolution process of on‑chain enterprises’ cooperation, the probability of cooperation increases with the probability of strict supervision by government regulatory authorities and the probability of active investment by the chain‑leading enterprise.







Proof: From the stability analysis of the on‑chain enterprises’ cooperation strategy, we know that when 时,,then,,andis an evolutionarily stable strategy (ESS) for on‑chain enterprises. Conversely, when the opposite conditions hold, is the evolutionary equilibrium strategy. Therefore, as z and x increase, the stable strategy of other enterprises in the chain increases from(passive cooperation) to(active cooperation).
Corollary 4 shows that increasing the probability of strict supervision by government regulatory authorities and the probability of active investment by the chain-leading enterprise both help other enterprises in the chain choose active cooperation as an evolutionarily stable strategy. Government regulatory authorities can not only form rigid constraints by increasing their own probability of strict supervision, thereby guiding other enterprises in the chain to actively participate in industrial chain resilience building, but can also give full play to the driving role of the chain-leading enterprise in engaging other enterprises in the chain by incentivizing the chain-leading enterprise to increase resilience investment and strengthening the main responsibility of enterprises. In this way, a tripartite collaborative governance system for industrial chain resilience building involving the government, the chain-leading enterprise, and other enterprises in the chain can be established, promoting other enterprises in the chain to evolve toward an active cooperation strategy and consolidating the grassroots foundation for industrial chain resilience building.

3.3Analysis of Strategic Stability in Government Departments



The first derivative ofand the definedare respectively:

		

		












According to the stability theorem of differential equations, the probability that the government department chooses strong regulation is in a stable state must satisfy:and . Since,is a decreasing function of y. Therefore, when, we have. At this point,, and the government department cannot determine a stable strategy. When ,. Then ,sois an evolutionarily stable strategy for the government department. Conversely,为ESS. The phase diagram of the strategy evolution of the government department is shown in Figure 4.
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Supplementary Fig. 3 Phase Diagram of Strategy Evolution of the Government Department



Supplementary figure 3 shows that the volume of probabilityfor the government department to choose the strict regulation strategy is , and the volume of probability for stably choosing the weak regulation strategy is , They are calculated as:


		
Corollary 5  The probability that the government chooses a strict regulation strategy is positively correlated with the efficiency loss borne by the government due to the negative input of chain-leading enterprises under weak regulation, the government’s penalty revenue from the negative input of chain-leading enterprises, and the government’s benefit from industrial chain resilience enhancement; it is negatively correlated with the government’s cost of strict regulation and the government’s subsidy to chain-leading enterprises.






Proof : Taking the expression for the probability ​ that the government chooses the strict regulation strategy, and calculating the first‑order partial derivatives of each factor, we obtain: ,，，，.Therefore, an increase in Lg,Fg,Rg or a decrease in Cg and S can raise the probability that the government chooses the strict regulation strategy. 
Corollary 5 shows that the probability of the government department choosing the strict regulation strategy is positively correlated with the efficiency loss caused by the chain‑leading enterprise’s passive investment under weak regulation, the penalty revenue from the passively investing chain‑leading enterprise, and the social benefits brought by the improvement of industrial chain resilience, and is negatively correlated with the government’s cost of implementing strict regulation and the intensity of subsidies to enterprises. This means that increasing the efficiency loss, penalty revenue, and resilience improvement benefits, or reducing the regulatory cost and subsidy expenditure, can effectively raise the probability of the government adopting strict regulation. To this end, the government can clarify regulatory responsibilities, improve regulatory efficiency to reduce regulatory costs, set reasonable penalty standards and subsidy scales, and fully release the comprehensive benefits of industrial chain resilience improvement, thereby encouraging the government department to continuously adopt a strict regulation strategy and provide a solid institutional guarantee for industrial chain resilience building.
Corollary 6  In the evolution process of strict regulation by the government department, the probability of strict regulation increases with the probability of active cooperation by on‑chain enterprises and the probability of active investment by the chain‑leading enterprise.








Proof: From the stability analysis of the government’s regulation strategy, we know that when ,,then,At this point,,so is an evolutionarily stable strategy for the government. Conversely, when the opposite conditions hold, is the evolutionary equilibrium strategy. Therefore, as y and x increase, the government’s stable strategy increases from(weak regulation) to (strict regulation).
Corollary 6 shows that increasing the probability of active cooperation by other enterprises in the chain and the probability of active investment by the chain-leading enterprise both help the government department choose strict regulation as an evolutionarily stable strategy. The evolution of the government regulatory department’s regulatory strategy does not occur in isolation but forms a synergistic linkage effect with the cooperative behavior of other enterprises in the chain and the investment behavior of the chain-leading enterprise. Specifically, the higher the degree of active cooperation by other enterprises in the chain and the stronger the willingness of the chain-leading enterprise to invest actively, the higher the probability that the government department will adopt a strict regulation strategy. This also implies that in the construction of industrial chain resilience, not only can we indirectly drive the government to tighten regulatory intensity, guide other enterprises in the industrial chain to engage in active cooperation and encourage chain-leading enterprises to scale up investment in industrial chain resilience, but we can also rely on the joint efforts of the three parties to form a virtuous cycle of "intra-chain cooperation, investment by chain-leading enterprises, and government regulation", thereby further improving the regulatory system for industrial chain resilience and establishing sound institutional safeguards for the high-quality development of the industrial chain.
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