1.Definition of model variables and parameters
	Parameters
	Definition

	Parameters relating to the chain-leading enterprise（x）

	Ce
	The high-resilience costs incurred by the chain-leading enterprises

	Re
	The long-term benefits of active investment by the chain-leading enterprise

	Fg
	Government penalties faced by chain-leading enterprises when they make insufficient contributions

	Le
	Potential risks and losses that chain-leading enterprises may face as a result of insufficient investment

	Parameters related to supporting enterprises in the industrial chain（y）

	Cu
	The cost of collaboration among enterprises on the chain

	Ru
	The fundamental benefits derived from collaboration among enterprises on the chain and the enhanced resilience resulting from the chain leader’s active investment 

	Vu
	The social benefits derived from collaboration between enterprises on the blockchain

	k
	Information transmission coefficient (the efficiency of collaborative feedback from upstream enterprises in contributing to technological improvements at the lead enterprise)

	Lu
	Losses from potential disruptions amid insufficient coordination of other chain enterprises

	Government-related parameters（z）

	Cg
	The costs incurred by the government in implementing strict regulation

	Rg
	The benefits to industrial chain resilience gained by the government when all three parties are proactive

	Fg
	The revenue generated by the government from imposing penalties on chain-leading enterprises that fail to fulfil their obligations when implementing strict regulatory measures

	S
	When the government imposes strict regulatory measures, the cost of financial subsidies provided to chain-leading enterprises that actively participate

	Rm
	Government incentives offered to other enterprises in the chain that cooperate fully with stringent regulatory measures

	Lg
	Efficiency losses incurred by the government under conditions of weak regulation due to the lack of commitment on the part of the chain-leading enterprises
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3.Copy the dynamic equations



The expected benefits of active investment or passive investment in the industrial chain, as well as the average expected benefits（、、）, are respectively:
		

		
The replicator dynamic equation for the strategy choice of the chain-leading enterprise is:

		



The expected benefits of cooperation or non-cooperation for other enterprises in the chain, as well as the average expected benefit（、、）, are respectively:

		

The replicator dynamic equation for the strategy choice of other enterprises in the chain is:	

		



The expected benefits of active support or passive support by the government department, as well as the average expected benefit（、、）, ,are respectively:

		
The replicator dynamic equation for the strategy choice of the government department is:

		
4. Code for the simulation analysis section

Fg

Impact of the Government's Penaltyon Passive Investment by the Chain-leading Enterprise

%% 符号计算部分（保留但不执行）
% 该部分仅用于展示模型来源，不参与数值计算
% syms x y z cg ce cu k s ru vu re lu rg le fg lg rm;
% E11=z*y*(-ce+re*(1+k)+s)+z*(1-y)*(-ce+re+s)+(1-z)*y*(-ce+re*(1+k))+(1-z)*(1-y)*(re-ce);
% E12=z*y*(-le-fg)+z*(1-y)*(-le-fg)+(1-z)*y*(-le)+(1-z)*(1-y)*(-le);
% E1=simplify(x*E11+(1-x)*E12);
% fx=simplify(x*(E11-E1));
% 
% E21=x*z*(-cu+ru+rm)+x*(1-z)*(-cu+ru)+(1-x)*z*(-cu+rm)+(1-x)*(1-z)*(-cu);
% E22=x*z*(-lu)+x*(1-z)*(-lu)+(1-x)*z*(-lu)+(1-x)*(1-z)*(-lu);
% E2=simplify(y*E21+(1-y)*E22);
% fy=simplifyA(y*(E21-E2));
% 
% E31=x*y*(-cg-s+rg+vu)+x*(1-y)*(-cg-s)+(1-x)*y*(-cg+fg+vu)+(1-x)*(1-y)*(-cg+fg);
% E32=x*y*vu+x*(1-y)*0+(1-x)*y*(-lg+vu)+(1-x)*(1-y)*(-lg);
% E3=simplify(z*E31+(1-z)*E32);
% fz=simplify(z*(E31-E3));

%% 数值仿真部分
clc; clear; close all;

% 定义 ODE 函数（变量含义：x-企业，y-用户，z-政府）
% 注意：匿名函数返回一个列向量，需用方括号括起
ode_func = @(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu) [
    % dx/dt = -x*(x-1)*(le - ce + re + fg*z + s*z + k*re*y)  企业
    -state(1)*(state(1)-1)*(Le - Ce + Re + Fg*state(3) + S*state(3) + k*Re*state(2));
    % dy/dt = -y*(y-1)*(lu - cu + ru*x + rm*z)              用户
    -state(2)*(state(2)-1)*(Lu - Cu + Ru*state(1) + rm*state(3));
    % dz/dt = z*(z-1)*(cg - fg - lg + fg*x + lg*x + s*x - rg*x*y)  政府
    state(3)*(state(3)-1)*(Cg - Fg - Lg + Fg*state(1) + Lg*state(1) + S*state(1) - Rg*state(1)*state(2))
];

figure(2);

% 公共参数（除 Fg 外均固定，Cu = 3 根据用户最后代码）
Rg = 8; Fg = 3; Lg = 3; Cg = 4; Ce = 5; Cu = 2;  
k = 0.5; S = 2; Re = 6; Le = 2; Ru = 4; Lu = 3; rm = 4; vu = 2;

% 第一组参数：Fg=1
Fg = 1;
[t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
               [0 50], [0.2 0.2 0.2]);
plot3(y(:,1), y(:,2), y(:,3), 'g-', 'linewidth', 1);
hold on;

% 第二组参数：Fg=3
Fg = 3;
[t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
               [0 50], [0.2 0.2 0.2]);
plot3(y(:,1), y(:,2), y(:,3), 'r--', 'linewidth', 1);

% 第三组参数：Fg=5
Fg = 5;
[t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
               [0 50], [0.2 0.2 0.2]);
plot3(y(:,1), y(:,2), y(:,3), 'm+', 'linewidth', 1);

% 坐标轴设置（变量含义：x-企业，y-用户，z-政府）
set(gca, 'XTick', 0:0.2:1, 'YTick', 0:0.2:1, 'ZTick', 0:0.2:1);
axis([0 1 0 1 0 1]);
xlabel('$x$ (企业积极概率)', 'interpreter', 'latex');
ylabel('$y$ (用户配合概率)', 'interpreter', 'latex');
zlabel('$z$ (政府强监管概率)', 'interpreter', 'latex', 'Rotation', 360, 'position', [-0.1 1 1.1]);
grid on;
set(gcf, 'color', 'w');
view(3);

% 图例及标题
legend({'F_g = 1', 'F_g = 3', 'F_g = 5'}, 'location', 'northwest');
title('惩罚力度 $F_g$ 对演化路径的影响', 'FontWeight', 'bold', 'position', [0 0 -0.2]);

% 标注 ESS（位于 (1,1,1)）
text(0.4, 0.2, 0.3, '$ESS$', 'interpreter', 'latex');
annotation('arrow', [0.55 0.35], [0.35 0.32]);
annotation('arrow', [0.58 0.58], [0.38 0.45]);

%% 小图：企业（x）与政府（z）的投影（隐藏刻度数字）
axes('position', [0.13 0.32 0.2 0.2]); % 小图位置

% 小图中的第一组参数
Fg = 1;
[t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
               [0 50], [0.2 0.2 0.2]);
plot3(y(:,1), zeros(size(y(:,1))), y(:,3), 'g-', 'linewidth', 1);
hold on;

% 小图中的第二组参数
Fg = 3;
[t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
               [0 50], [0.2 0.2 0.2]);
plot3(y(:,1), zeros(size(y(:,1))), y(:,3), 'r--', 'linewidth', 1);

% 小图中的第三组参数
Fg = 5;
[t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
               [0 50], [0.2 0.2 0.2]);
plot3(y(:,1), zeros(size(y(:,1))), y(:,3), 'm+', 'linewidth', 1);

% 坐标轴设置：隐藏数字标签，仅保留刻度和网格
set(gca, 'XTick', 0:0.2:1, 'YTick', [], 'ZTick', 0:0.2:1);
set(gca, 'XTickLabel', [], 'ZTickLabel', []);   % 隐藏数字
axis([0 1 0 1 0 1]);
grid on;
set(gcf, 'color', 'w');

% 投影视角
view([0 0]); % x-z 平面投影
xlabel('企业 $x$', 'interpreter', 'latex', 'Position', [0.8 1 0.3]);
zlabel('政府 $z$', 'interpreter', 'latex', 'Position', [0.1 1 0.8], 'Rotation', 360);

S

Impact of the Government's Subsidy on Active Investment by the Chain-leading Enterprise

%% 符号计算部分（保留但不执行）
% 该部分仅用于展示模型来源，不参与数值计算
% syms x y z cg ce cu k s ru vu re lu rg le fg lg rm;
% E11=z*y*(-ce+re*(1+k)+s)+z*(1-y)*(-ce+re+s)+(1-z)*y*(-ce+re*(1+k))+(1-z)*(1-y)*(re-ce);
% E12=z*y*(-le-fg)+z*(1-y)*(-le-fg)+(1-z)*y*(-le)+(1-z)*(1-y)*(-le);
% E1=simplify(x*E11+(1-x)*E12);
% fx=simplify(x*(E11-E1));
% 
% E21=x*z*(-cu+ru+rm)+x*(1-z)*(-cu+ru)+(1-x)*z*(-cu+rm)+(1-x)*(1-z)*(-cu);
% E22=x*z*(-lu)+x*(1-z)*(-lu)+(1-x)*z*(-lu)+(1-x)*(1-z)*(-lu);
% E2=simplify(y*E21+(1-y)*E22);
% fy=simplify(y*(E21-E2));
% 
% E31=x*y*(-cg-s+rg+vu)+x*(1-y)*(-cg-s)+(1-x)*y*(-cg+fg+vu)+(1-x)*(1-y)*(-cg+fg);
% E32=x*y*vu+x*(1-y)*0+(1-x)*y*(-lg+vu)+(1-x)*(1-y)*(-lg);
% E3=simplify(z*E31+(1-z)*E32);
% fz=simplify(z*(E31-E3));

%% 数值仿真部分：分析补贴 S 的影响
clc; clear; close all;

% 定义 ODE 函数（变量含义：x-企业，y-用户，z-政府）
ode_func = @(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu) [
    % dx/dt = -x*(x-1)*(le - ce + re + fg*z + s*z + k*re*y)
    -state(1)*(state(1)-1)*(Le - Ce + Re + Fg*state(3) + S*state(3) + k*Re*state(2));
    % dy/dt = -y*(y-1)*(lu - cu + ru*x + rm*z)
    -state(2)*(state(2)-1)*(Lu - Cu + Ru*state(1) + rm*state(3));
    % dz/dt = z*(z-1)*(cg - fg - lg + fg*x + lg*x + s*x - rg*x*y)
    state(3)*(state(3)-1)*(Cg - Fg - Lg + Fg*state(1) + Lg*state(1) + S*state(1) - Rg*state(1)*state(2))
];

figure(2);

% 固定参数（除 S 外）
Rg = 8; Fg = 3; Lg = 3; Cg = 4; Ce = 5; Cu = 2; S=2;
k = 0.5; Re = 6; Le = 2; Ru = 4; Lu = 3; rm = 4; vu = 2;

% 待分析的补贴值
S_vals = [1, 2, 3];
colors  = {'g-', 'r--', 'm+'};
legends = {'S = 1', 'S = 2', 'S = 3'};

% 主图：三维演化曲线
for i = 1:length(S_vals)
    S = S_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,1), y(:,2), y(:,3), colors{i}, 'LineWidth', 1.5);
    hold on;
end

% 坐标轴设置
set(gca, 'XTick', 0:0.2:1, 'YTick', 0:0.2:1, 'ZTick', 0:0.2:1);
axis([0 1 0 1 0 1]);
xlabel('$x$ (企业积极概率)', 'interpreter', 'latex');
ylabel('$y$ (用户配合概率)', 'interpreter', 'latex');
zlabel('$z$ (政府强监管概率)', 'interpreter', 'latex', 'Rotation', 360, 'position', [-0.1 1 1.1]);
grid on; set(gcf, 'color', 'w'); view(3);
legend(legends, 'location', 'northwest');
title('补贴力度 $S$ 对演化路径的影响', 'FontWeight', 'bold', 'position', [0 0 -0.2]);

% 标注 ESS
text(0.4, 0.2, 0.3, '$ESS$', 'interpreter', 'latex');
annotation('arrow', [0.55 0.35], [0.35 0.32]);
annotation('arrow', [0.58 0.58], [0.38 0.45]);

%% 小图：企业（x）与政府（z）的投影（隐藏刻度数字）
axes('position', [0.13 0.32 0.2 0.2]); % 小图位置
hold on;
for i = 1:length(S_vals)
    S = S_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,1), zeros(size(y(:,1))), y(:,3), colors{i}, 'LineWidth', 1);
end

% 坐标轴设置：隐藏数字标签
set(gca, 'XTick', 0:0.2:1, 'YTick', [], 'ZTick', 0:0.2:1);
set(gca, 'XTickLabel', [], 'ZTickLabel', []);
axis([0 1 0 1 0 1]);
grid on; view([0 0]);
xlabel('企业 $x$', 'interpreter', 'latex', 'Position', [0.8 1 0.3]);
zlabel('政府 $z$', 'interpreter', 'latex', 'Position', [0.1 1 0.8], 'Rotation', 360);

Ce

Impact of the High Resilience Cost of Active Investment by the Chain-leading Enterprise
%% 符号计算部分（保留但不执行）
% 该部分仅用于展示模型来源，不参与数值计算
% syms x y z cg ce cu k s ru vu re lu rg le fg lg rm;
% ...

%% 数值仿真部分：分析企业积极成本 Ce 的影响
clc; clear; close all;

% 定义 ODE 函数（变量含义：x-企业，y-用户，z-政府）
ode_func = @(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu) [
    -state(1)*(state(1)-1)*(Le - Ce + Re + Fg*state(3) + S*state(3) + k*Re*state(2));
    -state(2)*(state(2)-1)*(Lu - Cu + Ru*state(1) + rm*state(3));
    state(3)*(state(3)-1)*(Cg - Fg - Lg + Fg*state(1) + Lg*state(1) + S*state(1) - Rg*state(1)*state(2))
];

figure(2);

% 固定参数（除 Ce 外）
Rg = 8; Fg = 3; Lg = 3; Cg = 4; Ce = 5; Cu = 2;  
k = 0.5; S = 2; Re = 6; Le = 2; Ru = 4; Lu = 3; rm = 4; vu = 2;

% 待分析的企业积极成本值
Ce_vals = [2, 5, 8]
colors  = {'g-', 'r--', 'm+'};
legends = {'Ce = 2', 'Ce = 5', 'Ce = 8'};

% 主图：三维演化曲线
for i = 1:length(Ce_vals)
    Ce = Ce_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,1), y(:,2), y(:,3), colors{i}, 'LineWidth', 1.5);
    hold on;
end

% 坐标轴设置
set(gca, 'XTick', 0:0.2:1, 'YTick', 0:0.2:1, 'ZTick', 0:0.2:1);
axis([0 1 0 1 0 1]);
xlabel('$x$ (企业积极概率)', 'interpreter', 'latex');
ylabel('$y$ (用户配合概率)', 'interpreter', 'latex');
zlabel('$z$ (政府强监管概率)', 'interpreter', 'latex', 'Rotation', 360, 'position', [-0.1 1 1.1]);
grid on; set(gcf, 'color', 'w'); view(3);
legend(legends, 'location', 'northwest');
title('企业积极成本 $Ce$ 对演化路径的影响', 'FontWeight', 'bold', 'position', [0 0 -0.2]);

% 标注 ESS
text(0.4, 0.2, 0.3, '$ESS$', 'interpreter', 'latex');
annotation('arrow', [0.55 0.35], [0.35 0.32]);
annotation('arrow', [0.58 0.58], [0.38 0.45]);

%% 小图：企业（x）与政府（z）的投影（隐藏刻度数字）
axes('position', [0.13 0.32 0.2 0.2]); % 小图位置
hold on;
for i = 1:length(Ce_vals)
    Ce = Ce_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,1), zeros(size(y(:,1))), y(:,3), colors{i}, 'LineWidth', 1);
end

% 坐标轴设置：隐藏数字标签
set(gca, 'XTick', 0:0.2:1, 'YTick', [], 'ZTick', 0:0.2:1);
set(gca, 'XTickLabel', [], 'ZTickLabel', []);
axis([0 1 0 1 0 1]);
grid on; view([0 0]);
xlabel('企业 $x$', 'interpreter', 'latex', 'Position', [0.8 1 0.3]);
zlabel('政府 $z$', 'interpreter', 'latex', 'Position', [0.1 1 0.8], 'Rotation', 360);

Cu

Impact of the Cooperation Costof Other Enterprises in the Chain
%% 符号计算部分（保留但不执行）
% 该部分仅用于展示模型来源，不参与数值计算
% syms x y z cg ce cu k s ru vu re lu rg le fg lg rm;
% ...

%% 数值仿真部分：分析用户配合成本 Cu 的影响
clc; clear; close all;

% 定义 ODE 函数（变量含义：x-企业，y-用户，z-政府）
ode_func = @(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu) [
    -state(1)*(state(1)-1)*(Le - Ce + Re + Fg*state(3) + S*state(3) + k*Re*state(2));
    -state(2)*(state(2)-1)*(Lu - Cu + Ru*state(1) + rm*state(3));
    state(3)*(state(3)-1)*(Cg - Fg - Lg + Fg*state(1) + Lg*state(1) + S*state(1) - Rg*state(1)*state(2))
];

figure(2);

% 固定参数（除 Cu 外）
Rg = 8; Fg = 3; Lg = 3; Cg = 4; Ce = 5; Cu = 2;  
k = 0.5; S = 2; Re = 6; Le = 2; Ru = 4; Lu = 3; rm = 4; vu = 2;

% 待分析的用户配合成本
Cu_vals = [2, 3, 4];
colors  = {'g-', 'r--', 'm+'};
legends = {'Cu = 2', 'Cu = 3', 'Cu = 4'};

% 主图：三维演化曲线
for i = 1:length(Cu_vals)
    Cu = Cu_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,1), y(:,2), y(:,3), colors{i}, 'LineWidth', 1.5);
    hold on;
end

% 坐标轴设置
set(gca, 'XTick', 0:0.2:1, 'YTick', 0:0.2:1, 'ZTick', 0:0.2:1);
axis([0 1 0 1 0 1]);
xlabel('$x$ (企业积极概率)', 'interpreter', 'latex');
ylabel('$y$ (用户配合概率)', 'interpreter', 'latex');
zlabel('$z$ (政府强监管概率)', 'interpreter', 'latex', 'Rotation', 360, 'position', [-0.1 1 1.1]);
grid on; set(gcf, 'color', 'w'); view(3);
legend(legends, 'location', 'northwest');
title('用户配合成本 $Cu$ 对演化路径的影响', 'FontWeight', 'bold', 'position', [0 0 -0.2]);

% 标注 ESS
text(0.4, 0.2, 0.3, '$ESS$', 'interpreter', 'latex');
annotation('arrow', [0.55 0.35], [0.35 0.32]);
annotation('arrow', [0.58 0.58], [0.38 0.45]);

%% 小图：用户（y）与政府（z）的投影（隐藏刻度数字）
axes('position', [0.13 0.32 0.2 0.2]); % 小图位置
hold on;
for i = 1:length(Cu_vals)
    Cu = Cu_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,2), zeros(size(y(:,2))), y(:,3), colors{i}, 'LineWidth', 1);
end

% 坐标轴设置：隐藏数字标签
set(gca, 'XTick', 0:0.2:1, 'YTick', [], 'ZTick', 0:0.2:1);
set(gca, 'XTickLabel', [], 'ZTickLabel', []);
axis([0 1 0 1 0 1]);
grid on; view([0 0]);
xlabel('用户 $y$', 'interpreter', 'latex', 'Position', [0.8 1 0.3]);
zlabel('政府 $z$', 'interpreter', 'latex', 'Position', [0.1 1 0.8], 'Rotation', 360);

Rm

Impact of the Government’s Reward Amountfor Active Cooperation of Other Enterprises in the Chain

%% 符号计算部分（保留但不执行）
% 该部分仅用于展示模型来源，不参与数值计算
% syms x y z cg ce cu k s ru vu re lu rg le fg lg rm;
% ...

%% 数值仿真部分：分析奖励 rm 的影响
clc; clear; close all;

% 定义 ODE 函数（变量含义：x-企业，y-用户，z-政府）
ode_func = @(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu) [
    -state(1)*(state(1)-1)*(Le - Ce + Re + Fg*state(3) + S*state(3) + k*Re*state(2));
    -state(2)*(state(2)-1)*(Lu - Cu + Ru*state(1) + rm*state(3));
    state(3)*(state(3)-1)*(Cg - Fg - Lg + Fg*state(1) + Lg*state(1) + S*state(1) - Rg*state(1)*state(2))
];

figure(2);

% 固定参数（除 rm 外）
Rg = 8; Fg = 3; Lg = 3; Cg = 4; Ce = 5; Cu = 2; S=2;
k = 0.5; Re = 6; Le = 2; Ru = 4; Lu = 3; rm = 4; vu = 2;

% 待分析的奖励值
rm_vals = [1,4,7];
colors  = {'g-', 'r--', 'm+'};
legends = {'rm = 1', 'rm = 4', 'rm = 7'};

% 主图：三维演化曲线
for i = 1:length(rm_vals)
    rm = rm_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,1), y(:,2), y(:,3), colors{i}, 'LineWidth', 1.5);
    hold on;
end

% 坐标轴设置
set(gca, 'XTick', 0:0.2:1, 'YTick', 0:0.2:1, 'ZTick', 0:0.2:1);
axis([0 1 0 1 0 1]);
xlabel('$x$ (企业积极概率)', 'interpreter', 'latex');
ylabel('$y$ (用户配合概率)', 'interpreter', 'latex');
zlabel('$z$ (政府强监管概率)', 'interpreter', 'latex', 'Rotation', 360, 'position', [-0.1 1 1.1]);
grid on; set(gcf, 'color', 'w'); view(3);
legend(legends, 'location', 'northwest');
title('奖励 $rm$ 对演化路径的影响', 'FontWeight', 'bold', 'position', [0 0 -0.2]);

% 标注 ESS
text(0.4, 0.2, 0.3, '$ESS$', 'interpreter', 'latex');
annotation('arrow', [0.55 0.35], [0.35 0.32]);
annotation('arrow', [0.58 0.58], [0.38 0.45]);

%% 小图：用户（y）与政府（z）的投影
axes('position', [0.13 0.32 0.2 0.2]); % 小图位置
hold on;
for i = 1:length(rm_vals)
    rm = rm_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,2), zeros(size(y(:,2))), y(:,3), colors{i}, 'LineWidth', 1);
end
set(gca, 'XTick', 0:0.2:1, 'YTick', [], 'ZTick', 0:0.2:1);
set(gca, 'XTickLabel', [], 'ZTickLabel', []);
axis([0 1 0 1 0 1]);
grid on; view([0 0]);
xlabel('用户 $y$', 'interpreter', 'latex', 'Position', [0.8 1 0.3]);
zlabel('政府 $z$', 'interpreter', 'latex', 'Position', [0.1 1 0.8], 'Rotation', 360);


Rg

Impact of the Long-term Industrial Chain Resilience Improvement BenefitObtained by the Government
%% 数值仿真部分：分析韧性收益 Rg 的影响
clc; clear; close all;

% 定义 ODE 函数（变量含义：x-企业，y-用户，z-政府）
ode_func = @(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu) [
    -state(1)*(state(1)-1)*(Le - Ce + Re + Fg*state(3) + S*state(3) + k*Re*state(2));
    -state(2)*(state(2)-1)*(Lu - Cu + Ru*state(1) + rm*state(3));
    state(3)*(state(3)-1)*(Cg - Fg - Lg + Fg*state(1) + Lg*state(1) + S*state(1) - Rg*state(1)*state(2))
];

figure(2);

% 固定参数（除 Rg 外）
Rg = 8; Fg = 3; Lg = 3; Cg = 4; Ce = 5; Cu = 2;  
k = 0.5; S = 2; Re = 6; Le = 2; Ru = 4; Lu = 3; rm = 4; vu = 2;

% 待分析的韧性收益值
Rg_vals = [8, 10,12];
colors  = {'g-', 'r--', 'm+'};
legends = {'R_g = 8', 'R_g = 10', 'R_g = 12'};

% 主图：三维演化曲线
for i = 1:length(Rg_vals)
    Rg = Rg_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,1), y(:,2), y(:,3), colors{i}, 'LineWidth', 1.5);
    hold on;
end

% 坐标轴设置
set(gca, 'XTick', 0:0.2:1, 'YTick', 0:0.2:1, 'ZTick', 0:0.2:1);
axis([0 1 0 1 0 1]);
xlabel('$x$ (企业积极概率)', 'interpreter', 'latex');
ylabel('$y$ (用户配合概率)', 'interpreter', 'latex');
zlabel('$z$ (政府强监管概率)', 'interpreter', 'latex', 'Rotation', 360, 'position', [-0.1 1 1.1]);
grid on; set(gcf, 'color', 'w'); view(3);
legend(legends, 'location', 'northwest');
title('韧性收益 $R_g$ 对演化路径的影响', 'FontWeight', 'bold', 'position', [0 0 -0.2]);

% 标注 ESS
text(0.4, 0.2, 0.3, '$ESS$', 'interpreter', 'latex');
annotation('arrow', [0.55 0.35], [0.35 0.32]);
annotation('arrow', [0.58 0.58], [0.38 0.45]);

%% 小图：企业（x）与政府（z）的投影（隐藏刻度数字）
axes('position', [0.13 0.32 0.2 0.2]); % 小图位置
hold on;
for i = 1:length(Rg_vals)
    Rg = Rg_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,1), zeros(size(y(:,1))), y(:,3), colors{i}, 'LineWidth', 1);
end

% 坐标轴设置：隐藏数字标签
set(gca, 'XTick', 0:0.2:1, 'YTick', [], 'ZTick', 0:0.2:1);
set(gca, 'XTickLabel', [], 'ZTickLabel', []);
axis([0 1 0 1 0 1]);
grid on; view([0 0]);
xlabel('企业 $x$', 'interpreter', 'latex', 'Position', [0.8 1 0.3]);
zlabel('政府 $z$', 'interpreter', 'latex', 'Position', [0.1 1 0.8], 'Rotation', 360);


k

Impact of the Information Transmission Coefficientof Other Enterprises in the Chain

%% 符号计算部分（保留但不执行）
% 该部分仅用于展示模型来源，不参与数值计算
% syms x y z cg ce cu k s ru vu re lu rg le fg lg rm;
% E11=z*y*(-ce+re*(1+k)+s)+z*(1-y)*(-ce+re+s)+(1-z)*y*(-ce+re*(1+k))+(1-z)*(1-y)*(re-ce);
% E12=z*y*(-le-fg)+z*(1-y)*(-le-fg)+(1-z)*y*(-le)+(1-z)*(1-y)*(-le);
% E1=simplify(x*E11+(1-x)*E12);
% fx=simplify(x*(E11-E1));
% 
% E21=x*z*(-cu+ru+rm)+x*(1-z)*(-cu+ru)+(1-x)*z*(-cu+rm)+(1-x)*(1-z)*(-cu);
% E22=x*z*(-lu)+x*(1-z)*(-lu)+(1-x)*z*(-lu)+(1-x)*(1-z)*(-lu);
% E2=simplify(y*E21+(1-y)*E22);
% fy=simplify(y*(E21-E2));
% 
% E31=x*y*(-cg-s+rg+vu)+x*(1-y)*(-cg-s)+(1-x)*y*(-cg+fg+vu)+(1-x)*(1-y)*(-cg+fg);
% E32=x*y*vu+x*(1-y)*0+(1-x)*y*(-lg+vu)+(1-x)*(1-y)*(-lg);
% E3=simplify(z*E31+(1-z)*E32);
% fz=simplify(z*(E31-E3));

%% 数值仿真部分：分析信息传递系数 k 的影响
clc; clear; close all;

% 定义 ODE 函数（变量含义：x-企业，y-用户，z-政府）
ode_func = @(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu) [
    % dx/dt = -x*(x-1)*(le - ce + re + fg*z + s*z + k*re*y)
    -state(1)*(state(1)-1)*(Le - Ce + Re + Fg*state(3) + S*state(3) + k*Re*state(2));
    % dy/dt = -y*(y-1)*(lu - cu + ru*x + rm*z)
    -state(2)*(state(2)-1)*(Lu - Cu + Ru*state(1) + rm*state(3));
    % dz/dt = z*(z-1)*(cg - fg - lg + fg*x + lg*x + s*x - rg*x*y)
    state(3)*(state(3)-1)*(Cg - Fg - Lg + Fg*state(1) + Lg*state(1) + S*state(1) - Rg*state(1)*state(2))
];

figure(2);

% 固定参数（除 k 外）
Rg = 8; Fg = 3; Lg = 3; Cg = 4; Ce = 5; Cu = 2; S=2;
k = 0.5; Re = 6; Le = 2; Ru = 4; Lu = 3; rm = 4; vu = 2;

% 待分析的信息传递系数
k_vals = [0.2, 0.5, 0.8];
colors  = {'g-', 'r--', 'm+'};
legends = {'k = 0.2', 'k = 0.5', 'k = 0.8'};

% 主图：三维演化曲线
for i = 1:length(k_vals)
    k = k_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,1), y(:,2), y(:,3), colors{i}, 'LineWidth', 1.5);
    hold on;
end

% 坐标轴设置
set(gca, 'XTick', 0:0.2:1, 'YTick', 0:0.2:1, 'ZTick', 0:0.2:1);
axis([0 1 0 1 0 1]);
xlabel('$x$ (企业积极概率)', 'interpreter', 'latex');
ylabel('$y$ (用户配合概率)', 'interpreter', 'latex');
zlabel('$z$ (政府强监管概率)', 'interpreter', 'latex', 'Rotation', 360, 'position', [-0.1 1 1.1]);
grid on; set(gcf, 'color', 'w'); view(3);
legend(legends, 'location', 'northwest');
title('信息传递系数 $k$ 对演化路径的影响', 'FontWeight', 'bold', 'position', [0 0 -0.2]);

% 标注 ESS
text(0.4, 0.2, 0.3, '$ESS$', 'interpreter', 'latex');
annotation('arrow', [0.55 0.35], [0.35 0.32]);
annotation('arrow', [0.58 0.58], [0.38 0.45]);

%% 小图：企业（x）与政府（z）的投影（隐藏刻度数字）
axes('position', [0.13 0.32 0.2 0.2]); % 小图位置
hold on;
for i = 1:length(k_vals)
    k = k_vals(i);
    [t, y] = ode45(@(t, state) ode_func(t, state, Rg, Fg, Lg, Cg, Ce, Cu, k, S, Re, Le, Ru, Lu, rm, vu), ...
                   [0 50], [0.2 0.2 0.2]);
    plot3(y(:,1), zeros(size(y(:,1))), y(:,3), colors{i}, 'LineWidth', 1);
end

% 坐标轴设置：隐藏数字标签
set(gca, 'XTick', 0:0.2:1, 'YTick', [], 'ZTick', 0:0.2:1);
set(gca, 'XTickLabel', [], 'ZTickLabel', []);
axis([0 1 0 1 0 1]);
grid on; view([0 0]);
xlabel('企业 $x$', 'interpreter', 'latex', 'Position', [0.8 1 0.3]);
zlabel('政府 $z$', 'interpreter', 'latex', 'Position', [0.1 1 0.8], 'Rotation', 360);

Results of 50 iterations of Array 1
%% 数组1 - 满足条件二 (Lu-cu+ru>0)
clc; clear; 
figure(11);

% 参数设置（满足条件一和条件二）
% 条件一：cu-lu-rm-ru = 3-2-4-4 = -7 < 0，cg-rg+s = 4-8+2 = -2 < 0
% 条件二：Lu-cu+ru = 2-3+4 = 3 > 0
Rg = 8; Fg = 3; Lg = 3; Cg = 4; Ce = 5; Cu = 2; S=2;
k = 0.5; Re = 6; Le = 2; Ru = 4; Lu = 3; rm = 4; vu = 2;

% 创建微分方程函数（使用简化后的复制动态方程）
ode_func = @(t, state) [
    % dx/dt = -x*(x-1)*(le - ce + re + fg*z + s*z + k*re*y)
    -state(1)*(state(1)-1)*(Le - Ce + Re + Fg*state(3) + S*state(3) + k*Re*state(2));
    % dy/dt = -y*(y-1)*(lu - cu + ru*x + rm*z)
    -state(2)*(state(2)-1)*(Lu - Cu + Ru*state(1) + rm*state(3));
    % dz/dt = z*(z-1)*(cg - fg - lg + fg*x + lg*x + s*x - rg*x*y)
    state(3)*(state(3)-1)*(Cg - Fg - Lg + Fg*state(1) + Lg*state(1) + S*state(1) - Rg*state(1)*state(2))
];

% 绘制不同初始点的演化轨迹（步长0.2，共125条）
for i = 0.1:0.2:1
    for j = 0.1:0.2:1
        for kk = 0.1:0.2:1
            [t, y] = ode45(ode_func, [0 50], [i j kk]);
            plot3(y(:,1), y(:,2), y(:,3), 'linewidth', 1);
            hold on
        end
    end
end

% 图形设置
set(gca, 'XTick', [0:0.2:1], 'YTick', [0:0.2:1], 'ZTick', [0:0.2:1]);
axis([0 1 0 1 0 1]);
view([45 10]);
grid on;
xlabel('$x$ (企业积极概率)', 'interpreter', 'latex');
ylabel('$y$ (用户配合概率)', 'interpreter', 'latex');
zlabel('$z$ (政府强监管概率)', 'interpreter', 'latex', 'Rotation', 360, 'position', [0 0 1.05]);
title('图 11 数组1：满足条件二 (Lu-cu+ru>0)', 'FontWeight', 'bold', 'position', [1 0 -0.13]);


Results of 50 iterations of Array 2
%% 数组2 - 不满足条件二 (Lu-cu+ru<0)
clc; clear; 
figure(12);

% 参数设置（仅增大 Cu，使条件二不成立）
% 条件一：cu-lu-rm-ru = 7-2-4-4 = -3 < 0，cg-rg+s = 4-8+2 = -2 < 0
% 条件二：Lu-cu+ru = 2-7+4 = -1 < 0
Rg = 8; Fg = 3; Lg = 3; Cg = 4; Ce = 5; Cu = 5;   % Cu 从3增大到5
k = 0.5; S = 2; Re = 6; Le = 2; Ru = 1; Lu = 3; rm = 4; vu = 2;

% 创建微分方程函数（与数组1相同，仅参数不同）
ode_func = @(t, state) [
    -state(1)*(state(1)-1)*(Le - Ce + Re + Fg*state(3) + S*state(3) + k*Re*state(2));
    -state(2)*(state(2)-1)*(Lu - Cu + Ru*state(1) + rm*state(3));
    state(3)*(state(3)-1)*(Cg - Fg - Lg + Fg*state(1) + Lg*state(1) + S*state(1) - Rg*state(1)*state(2))
];

% 绘制不同初始点的演化轨迹（步长0.2，共125条）
for i = 0.1:0.2:1
    for j = 0.1:0.2:1
        for kk = 0.1:0.2:1
            [t, y] = ode45(ode_func, [0 50], [i j kk]);
            plot3(y(:,1), y(:,2), y(:,3), 'linewidth', 1);
            hold on
        end
    end
end

% 图形设置
set(gca, 'XTick', [0:0.2:1], 'YTick', [0:0.2:1], 'ZTick', [0:0.2:1]);
axis([0 1 0 1 0 1]);
view([45 10]);
grid on;
xlabel('$x$ (企业积极概率)', 'interpreter', 'latex');
ylabel('$y$ (用户配合概率)', 'interpreter', 'latex');
zlabel('$z$ (政府强监管概率)', 'interpreter', 'latex', 'Rotation', 360, 'position', [0 0 1.05]);
title('图 12 数组2：不满足条件二 (Lu-cu+ru<0)', 'FontWeight', 'bold', 'position', [1 0 -0.13]);












5. Basis for Assigning Values in the Simulation Section
the chain-leading enterprise
	Parameter
	Value
	Calibration Basis

	

	5
	
Calibration basis: Anchored by the 11.3 billion RMB R&D investment disclosed in Li Auto's 2025 annual report, and incorporating the investment in industrial chain upgrading driven by its open technology standards, the cost base is set to 5 after normalization. This value satisfies the game-theoretic constraint (the subsidy cannot fully cover the cost).

	

	6
	
Calibration basis: Based on the market share and brand premium gained by Li Auto through its leading range-extender and intelligent driving technologies, and drawing on its projected revenue growth for 2025, the value is set to 6 after normalization. This satisfies(positive net benefit), which incentivizes the focal firm to adopt an active strategy.

	

	3
	
Calibration basis: Based on the punitive measures for non-compliant firms under Changzhou's new energy industrial policies (e.g., subsidy disqualification, production curtailment for rectification), the value is converted to 3 after normalization. This assignment satisfies the constraint,	​ensuring that the penalty is sufficiently deterrent to discourage passive behavior.

	

	2
	Calibration basis: Firms exiting the innovation ecosystem face technological lag and market shrinkage risks. Referencing the estimated loss from industrial chain disruption cases, the value is normalized to 2. This serves as the additional potential loss incurred by passive investment.








other enterprises in the chain
	Parameter
	Value
	Calibration Basis

	

	2
	Calibration basis: Based on the technological upgrading and capacity adaptation costs incurred by Sanhua Holding and Inovance Technology to meet Li Auto's requirements for high-voltage fast charging and intelligent chassis, and referencing the capital expenditure ratios in their annual reports, the value is normalized to 2. This relatively low value reflects the cost‑sharing effect driven by the leading firm's pulling force.

	

	4
	Calibration basis: Based on the basic benefits that supporting firms gain from technology spillovers and order security provided by the leading firm, and referencing the performance of Inovance Technology whose market share in motor controllers consistently ranks among the top, the value is normalized to 4.

	

	2
	Calibration basis: Based on the social benefits brought by collaborative efforts, including overall industrial chain resilience enhancement, employment stability, and technology spillovers, the value is set to a relative value of 2.

	

	0.5
	Calibration basis: Reflects the contribution efficiency of coordinating feedback from supporting firms to the technological improvement of the leading firm. An intermediate value of 0.5 is adopted, consistent with the realistic scenario of bidirectional information transmission with certain losses under the "leading firm sets tasks, supporting firms respond" model.

	

	3
	Calibration basis: Based on the risks of order loss and technological backwardness faced by supporting firms that exit Li Auto's ecosystem, and referencing the supplier switching cost ratios from industry research, the value is normalized to 3.







government department
	Parameter
	Value
	Calibration Basis

	

	4
	Calibration basis: Based on the administrative and regulatory costs of Changzhou's "land acquisition with immediate construction start" approval optimization, the 5 billion RMB new energy industry parent fund management, and the integrated cluster development special funds, normalized to 4 according to the fiscal expenditure ratio.

	

	8
	Calibration basis: When all three parties are active, the innovative ecosystem and cluster effects formed by Changzhou's new energy industrial chain in areas such as high-voltage fast charging and intelligent chassis, combined with the comprehensive economic and social benefits, are normalized to 8 (the highest benefit item, reflecting the maximum dividend of resilience enhancement).

	

	3
	Calibration basis: Linked to the penalty item for the focal firm, the penalty revenue collected by the government from the passive focal firm under strong regulation, normalized to 3.

	

	2
	
Calibration basis: Based on the average benefit intensity for enterprises derived from Changzhou's "land acquisition with immediate construction start" policy and equipment subsidies, converted to a relative value of 2. This assignment satisfies the constraint ​ (the subsidy does not exceed the cost).

	

	4
	
Calibration basis: Based on the rewards and support provided to supporting firms through Changzhou's integrated cluster development special funds, converted to 4 according to the policy intensity, consistent with the supporting firms' basic utility​.

	

	3
	Calibration basis: Based on the risks of tax reduction, employment decline, and industrial chain relocation caused by the focal firm's passive investment under weak regulation, and referencing empirical values from industrial security assessments, the value is normalized to 3.
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