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Abstract. With science and technology such as ChatGPT integrating into society, the 
standardization of technology governance becomes the key to consolidating government power, 
promoting enterprise development, and enhancing people’s livelihood and well-being. Based on a 
tripartite game model of government, enterprises, and consumers, this paper analyzes their 
interaction mechanism and evolutionary stability strategy through the dynamic evolutionary game. 
The results show that there is a stable strategy up against the high risk, that is, enterprises will “use” 
ChatGPT, consumers will “participate in” ChatGPT, and the government will “advocate” ChatGPT. 
When the risk is low, two stable strategies exist, in which enterprises still “use” ChatGPT, while the 
government and consumers have different choices under different strategies. The research results 
can be used for reference to standardize ChatGPT and promote technical governance. 
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1. Introduction 

At the end of 2022, ChatGPT, a chat generative pre-trained transformer, was born. It can 
continuously learn and understand human language through interactive dialogue with people, which 
is an important driving force for scientific and technological innovation, industrial upgrading, and 
productivity improvement. With the development of science and technology as well as its integration 
with society, social governance is increasingly dependent on emerging science and technology, and 
society needs to understand, choose, and regulate their application in social governance [1]. Therefore, 
how to carry out the technology governance of ChatGPT has not only been critical to maintaining 
market health and stability, but also consolidating government power and enhancing social well-being. 
Internationally, the United States and other developed countries and regions regard digital technology 
and artificial intelligence (AI) as key areas of national strategy. For example, the United States has 
issued a relevant strategy such as Digital Strategy (2020-2024), committed to promoting its digital 
security and economic prosperity by implementing efficient, effective, and responsible international 
digital cooperation with allies and partners. In China, the central government mentioned in the 
Development Plan of New Generation Artificial Intelligence that relevant departments should adhere 
to combining R&D and application with independence and openness, and optimize the layout of AI 
research. Besides, new AI formats should be actively cultivated and major scientific research projects 
should be carried out, so as to support the research on basic theories and key AI technologies. 
Compared with the previous AI technology, the new generation of ChatGPT has obvious advantages, 
providing an opportunity for the development of politics, economy, society, and other fields. However, 
due to its new emergence and immaturity, it faces some risks and challenges. Thus, it is vital to study 
whether the government should advocate ChatGPT, whether enterprises should use ChatGPT, and 
whether consumers need to participate in ChatGPT or not. Establishing a tripartite evolutionary game 
model for technology governance of ChatGPT from the perspective of government, enterprises, and 
consumers, this research studies their dynamic evolution laws and reveals their evolution from the 
aspect of micro-strategic behavior, so as to provide a reference for the government, enterprises, and 
consumers to make reasonable decisions. 
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2. Literature Review 

The emergence of ChatGPT shows its great potential, which has attracted scholars from many 
disciplines such as law, mathematics, computer science and technology, etc. Its influence on politics, 
economy, society, and life is analyzed from different perspectives. 

On the one hand, ChatGPT has powerful ability and possibility in many aspects, which is of great 
significance for further building a comprehensive management agency of AI technology led by the 
government, coordinated by enterprises, and participated by the public [2]. As for the government, in 
addition to effectively controlling the digital government scale and helping the decision-making of 
digital governance, the ChatGPT model also improves its efficiency, reduces its costs, promotes its 
refinement, and strengthens digital governance supervision [3]. As for enterprises, ChatGPT can 
enhance production efficiency, promote market value, and realize the positive chain effect in the 
digital economy [4]. As for the public, ChatGPT integrates human knowledge far more than all search 
engines, greatly improving the ability and efficiency to obtain information [3]. 

On the other hand, ChatGPT has some potential risks and challenges. As for the government, the 
introduction of ChatGPT will challenge its credibility and long-standing organizational structure 
including business processes and personnel arrangements [5]. As for enterprises, ChatGPT might 
bring dangers to some traditional industrial enterprises, such as traditional media, customer service, 
education, etc., reshaping the talent demand of the industry [4]. As for the public, while enjoying 
efficient access to information, they also face cognitive decline [7], reconstruction of value systems, 
excessive collection and integration of personal information, and privacy leakage. 

According to the literature review, most scholars discuss ChatGPT from a qualitative perspective. 
Gordijn et al. discussed its advantages and disadvantages through examples from the aspect of 
whether editors of academic journals need to put forward new policies to deal with the challenges 
brought by ChatGPT to academic publishing [8]. In addition, Shen and other scholars explored its 
application duality from specific fields, aiming to apply ChatGPT in medical imaging, clinical 
decision-making, etc. To sum up, based on the above research gaps, this paper constructs a tripartite 
evolutionary game model among government, enterprises, and consumers in the technology 
governance of ChatGPT from a quantitative perspective, so as to provide references for their future 
strategic choice and development. 

3. Model Variables and Basic Hypotheses 

3.1 Model Variables 

This paper assumes that the total income of enterprises participating in the technology governance 
of ChatGPT can be divided into three parts, including the basic income ଵܲ  obtained by using 
conventional technology (excluding ChatGPT), the income ܳଵ obtained by using ChatGPT, and the 
additional income L from consumers. The participation cost of enterprises is ଵܶ and enterprises will 
be fined I if they use this technology without governmental advocacy. The total income from 
consumers participating in ChatGPT governance can be divided into two parts, including the basic 
income ଶܲ  obtained by using conventional technology (excluding ChatGPT) and the income 
ܳଶ	obtained by participating in ChatGPT. The cost of consumers’ participation is ଶܶ . The total 
income of government participation in the technology governance of ChatGPT includes the basic 
income ଷܲ  obtained by using conventional technology (excluding ChatGPT), the income 
ܳଷobtained by participating in ChatGPT, and the additional income ܤ௣ from consumers’ support and 
trust to the government and income ܤ௖ from enterprises’ support and trust to the government. The 
government’s participation cost is ଷܶ, but when consumers and enterprises don’t participate or use 
ChatGPT, the government will pay extra subsidize S to enterprises. Finally, a and d represent the risk 
coefficient and credibility coefficient respectively, with all variables used in the model can be seen 
in Table 1. 
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Table 1. Model Variables and Definition 
Variable Definition Variable Definition 

ଵܲ 
Basic income obtained by enterprises using conventional 

technologies ଵܶ Cost of using ChatGPT in enterprises

ଶܲ 
Basic income obtained by consumers using conventional 

technologies ଶܶ 
Cost of consumer participation in 

ChatGPT 

ଷܲ 
Basic income obtained by the government using 

conventional technology ଷܶ 
Cost of government advocating 

ChatGPT 
ܳଵ Normal income obtained by enterprises using ChatGPT ܤ௣  Consumers’ trust in the government

ܳଶ Normal income of consumers participating in ChatGPT ܤ௖  
Trust of enterprises in the 

government 

ܳଷ 
Normal income of governmental  advocates of using 

ChatGPT 
a Risk coefficient  (0 < a < 1) 

L The income obtained by enterprises from consumers d Credibility coefficient (0 < d < 1)

I 
Government punishment for enterprises (without 

government advocacy)
S Government subsidies to enterprises

3.2 Basic Hypotheses 

Hypothesis 1: Digital technology governance mainly involves three subjects, that is, government, 
enterprises, and consumers. The emergence of ChatGPT has brought it great potential. However, 
unreasonable, incorrect, and irregular use will lead to many problems. Thus, this paper takes the three 
as the research objects to explore whether the government needs to advocate, whether enterprises 
should use, and whether consumers should participate in the use of ChatGPT. 

Hypothesis 2: The following is about the decision strategy of each stakeholder. Specifically 
speaking, the enterprise has two strategies including {using ChatGPT or not}; consumers have two 
possible strategies including {participating in ChatGPT or not}; and the government also has two 
possible strategies including {advocating ChatGPT or not}. 

Hypothesis 3: Assuming that all participants rationally master information with incomplete 
symmetry. In the evolutionary game model, all three parties are in the initial stage, where we do not 
consider other subjects that may affect the technology governance of Chat GPT. 

4. Model Construction and Solution 

4.1 Government Advocates the Use of ChatGPT  

(1) Expected Income of Enterprises 
Enterprises will get basic income ଵܲ when using conventional technologies (excluding ChatGPT). 
The circumstance where enterprises use ChatGPT with consumers’ participation is as followed. 

An enterprise using ChatGPT will get the normal income aܳଵ for its efficiency, personnel, etc., and 
the income L from consumers’ purchase. Besides, costs ଵܶexist, so the expected income of the 
enterprise at this time is ଵܲ ൅ ܽܳଵ ൅ ܮ െ ଵܶ. 

The circumstance where enterprises use ChatGPT without consumers’ participation is as followed. 
An enterprise using ChatGPT will get the normal income aܳଵ  for its efficiency, personnel, etc. 
Without consumers’ participation, enterprises will lose money, so the government will provide 
subsidies Sሺܵ െ ܮ ൏ 0ሻ. If enterprises use ChatGPT, there must be certain costs ଵܶ. At this time, the 
expected income of the enterprise is ଵܲ ൅ ܽܳଵ ൅ ܵ െ ଵܶ. 

When enterprises do not use ChatGPT with or without consumers’ participation, there will be no 
cost input and income. At this time, the expected income of the enterprise is ଵܲ. 

(2) Expected Income of Consumers 
Consumers will get basic income ଶܲ when they participate in other conventional technologies 

(excluding ChatGPT). 
The circumstance where consumers participate in ChatGPT with enterprises’ use is as followed. 

Consumers will get the normal income aܳଶ	brought by using it with a certain cost ଶܶ. At this time, 
the expected income of consumers is ଶܲ ൅ ܽܳଶ െ ଶܶ. 
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The circumstance where consumers participate in ChatGPT without enterprises’ use is as followed. 
Without enterprises using it, consumers cannot participate in ChatGPT. The expected income of 
consumers is ଶܲ. 

When consumers do not participate in ChatGPT with or without enterprises’ use, there will be no 
cost input and income. At this time, the expected income of consumers is ଶܲ.  

(3) Expected Income of the Government 
When the government advocates other conventional technologies (excluding ChatGPT), it will get 

basic income ଷܲ. When ChatGPT is introduced, the normal income obtained by advocating it is aQ3 
with the basic investment cost T3. 

The circumstance where consumers participate in ChatGPT with enterprises’ use is as followed. 
The government will additionally get income ܤ௣ from the support and trust of consumers and income 
 ௖ is limited comparedܤ ௣ andܤ ,from the support and trust of enterprises respectively. Besides	௖ܤ
with other income. At this time, the expected income of the government is ଷܲ ൅ ܽܳଷ ൅ ௣ܤ ൅ ௖ܤ െ

ଷܶ. 
The circumstance where consumers participate in ChatGPT without enterprises’ use is as followed. 

The government will additionally get income ܤ௣ from the support and trust of consumers and income 
 ௖ from the support and trust of enterprises. ݀ is the credibility coefficient, which means althoughܤ݀
enterprises do not use ChatGPT, the government still gets relatively limited income from the support 
and trust of enterprises because of governmental advocacy. At this time, the expected income of the 
government is ଷܲ ൅ ܽܳଷ ൅ ௣ܤ ൅ ௖ܤ݀ െ ଷܶ. 

The circumstance where consumers do not participate in ChatGPT with enterprises’ use is as 
followed. The government will additionally get income ܤ௖ from the support and trust of enterprises 
and income ݀ܤ௣		from		the support and trust of consumers. ݀ܤ௣means that when consumers do not 
participate in it, the government still gets limited income from the support and trust of consumers 
because of governmental advocacy. In addition, consumers are not involved, the government needs 
to provide subsidies S to enterprises. At this time, the expected income of the government is ଷܲ ൅
ܽܳଷ ൅ ௣ܤ݀ ൅ ௖ܤ െ ଷܶ െ ܵ. 

The circumstance where consumers do not participate in ChatGPT without enterprises’ use is as 
followed. Because the government advocates ChatGPT, it still gets extra income ݀ܤ௣  from the 
support and trust of consumers and income ݀ܤ௖ from the support and trust of enterprises. At this 
time, the expected income of the government is ଷܲ ൅ ܽܳଷ ൅ ௣ܤ݀ ൅ ௖ܤ݀ െ ଷܶ. 

4.2 Government Does Not Advocate the Use of ChatGPT  

(1) Expected Income of Enterprises 
Enterprises will get basic income ଵܲ when using conventional technologies (excluding ChatGPT). 
The circumstance where enterprises use ChatGPT with consumers’ participation is as followed. 

Enterprises using it will get the normal income ሺ1 െ ܽሻܳଵ	for their efficiency, personnel, etc., and 
income L from consumers’ purchases, although there will be costs ଵܶ. Without the advocacy of the 
government, enterprises will be fined I, far greater than their income. At this time, the expected 
income of the enterprise is ଵܲ ൅ ሺ1 െ ܽሻܳଵ ൅ ܮ െ ܫ െ ଵܶ. 

The circumstance where enterprises use ChatGPT without consumers’ participation is as followed. 
Enterprises using it will get the normal income 	ሺ1 െ ܽሻܳଵ  for their efficiency, personnel, etc., 
although there will be costs ଵܶ. Without the advocacy of the government, enterprises will be fined I. 
At this time, the expected income of the enterprise is ଵܲ ൅ ሺ1 െ ܽሻܳଵ െ ܫ െ ଵܶ. 

The circumstance where enterprises do not use ChatGPT with or without consumers’ participation 
is as followed. There will be no cost input and income and the expected income of the enterprise is 
ଵܲ. 

(2) Expected Income of Consumers 
Consumers will get basic income ଶܲ when they participate in other conventional technologies 

(excluding ChatGPT). 
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The circumstance where consumers participate in ChatGPT with enterprises’ use is as followed. 
Consumers will get the normal income ሺ1 െ ܽሻܳଶ with certain costs	 ଶܶ, and the expected income of 
consumers is ଶܲ ൅ ሺ1 െ ܽሻܳଶ െ ଶܶ. 

The circumstance where consumers participate in ChatGPT without enterprises’ use is as followed. 
Without technology provided by enterprises, consumers will neither pay the cost nor benefit. At this 
time, the expected income of consumers is ଶܲ. 

The circumstance where consumers do not participate in ChatGPT with or without enterprises’ use 
is as followed. Consumers will neither pay costs nor gain benefits and their expected income is ଶܲ. 

(3) Expected Income of the Government 
The government will get basic income ଷܲ  when advocating other conventional technologies 

(excluding ChatGPT). 
The circumstance where consumers participate in ChatGPT with enterprises’ use is as followed. 

The government will receive fine I from enterprises without additional income ܤ௣ from the support 
and trust of consumers and income ܤ௖  from the support and trust of enterprises. Thus, the 
government’s expected income is ଷܲ ൅ ܫ െ ௣ܤ െ  .௖ܤ

The circumstance where consumers participate in ChatGPT without enterprises’ use is as followed. 
The government will not get income ܤ௣  from the support and trust of consumers and the 
government’s expected income is ଷܲ െ  .௣ܤ

The circumstance where consumers do not participate in ChatGPT with enterprises’ use is as 
followed. The government will not additionally get income Bc from the support and trust of 
enterprises, but will get fine I from enterprises. Thus, the expected income of the government is ଷܲ ൅
ܫ െ  .௖ܤ

The circumstance where consumers do not participate in ChatGPT without enterprises’ use is as 
followed. Since the government does not advocate ChatGPT, it has no other income and its expected 
income is ଷܲ. 

Based on the above assumptions and different government decisions, the payment matrix for the 
tripartite evolutionary game among government, enterprise, and consumer is obtained, as shown in 
Table 2. 
 

Table 2. Payment Matrix for Tripartite Evolutionary Game among Government, Enterprise, and 
Consumer  

 
Consumer 

Participation in 
(Buying) y

Without Participation 
(Supervision) 1-y

Government Advocacy 
z 

Enterprise’s Use 
x 

ଷܲ ൅ ܽܳଷ ൅ ௣ܤ ൅ ௖ܤ െ ଷܶ ଷܲ ൅ ܽܳଷ ൅ ௣ܤ݀ ൅ ௖ܤ െ ଷܶ െ ܵ

ଵܲ ൅ ܽܳଵ ൅ ܮ െ ଵܶ ଵܲ ൅ ܽܳଵ ൅ ܵ െ ଵܶ

ଶܲ ൅ ܽܳଶ െ ଶܶ ଶܲ 

Without Enterprise’s 
Use 
1-x 

ଷܲ ൅ ܽܳଷ ൅ ௣ܤ ൅ ௖ܤ݀ െ ଷܶ ଷܲ ൅ ܽܳଷ ൅ ௣ܤ݀ ൅ ௖ܤ݀ െ ଷܶ 

ଵܲ ଵܲ 

ଶܲ ଶܲ 

Without Government  
Advocacy 

1-z 

Enterprise Use 
x 

ଷܲ ൅ ܫ െ ௣ܤ െ ௖ ଷܲܤ ൅ ܫ െ  ௖ܤ

ଵܲ ൅ ሺ1 െ ܽሻܳଵ ൅ ܮ െ ܫ െ ଵܶ ଵܲ ൅ ሺ1 െ ܽሻܳଵ െ ܫ െ ଵܶ

ଶܲ ൅ ሺ1 െ ܽሻܳଶ െ ଶܶ ଶܲ 

Without Enterprise’s 
Use 
1-x 

ଷܲ െ  ௣ ଷܲܤ

ଵܲ ଵܲ 

ଶܲ ଶܲ 

4.3 Model Solution 

4.3.1 Replicator Dynamic Equations 

The expected return function of “using” and “not using” ChatGPT is Ex and E1-x respectively, with 
 .ത as the average returnܧ

The expected income of the enterprise “using” ChatGPT is Ex.  
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௫ܧ ൌ ሺݕݖ ଵܲ ൅ ܽܳଵ ൅ ܮ െ ଵܶሻ ൅ ሺ1ݖ െ ሻሺݕ ଵܲ ൅ ܽܳଵ ൅ ܵ െ ଵܶሻ ൅ ሺ1ݕ െ ሻሾݖ ଵܲ ൅ ሺ1 െ ܽሻܳଵ ൅ ܮ െ

ଵܶ െ ሿܫ ൅ ሺ1 െ ሻሺ1ݖ െ ሻሾݕ ଵܲ ൅ ሺ1 െ ܽሻܳଵ െ ଵܶ െ  ሿ                    (1)ܫ

The expected income for enterprises “not using” ChatGPT is E1-x. 
ଵି௫ܧ     ൌ ݕݖ ଵܲ ൅ ሺ1ݖ െ ሻݕ ଵܲ ൅ ሺ1ݕ െ ሻݖ ଵܲ ൅ ሺ1 െ ሻሺ1ݖ െ ሻݕ ଵܲ                 (2) 

The average income of enterprises is ܧത. 
തܧ     ൌ ௫ܧݔ ൅ ሺ1 െ  ଵି௫                                  (3)ܧሻݔ

Therefore, the replicator dynamic equation of an enterprise is as follows. 
    

ௗ௫

ௗ௧
ൌ ሺ1ݔ െ ܵݕݖሻሾെݔ ൅ ሺ2ܽܳଵݖ െ ܳଵ ൅ ܵ ൅ ሻܫ ൅ ܮݕ ൅ ሺ1 െ ܽሻܳଵ െ ଵܶ െ  ሿ          (4)ܫ

The expected return function of consumers “participating” and “not participating” in ChatGPT is 
Cy and C1-y respectively, with ̅ܥ as the average return. 

The expected return of consumers “participating in” ChatGPT is Cy. 
௬ܥ ൌ ሺݖݔ ଶܲ ൅ ܽܳଶ െ ଶܶሻ ൅ ሺ1ݖ െ ሻݔ ଶܲ ൅ ሺ1ݔ െ ሻሾݖ ଶܲ ൅ ሺ1 െ ܽሻܳଶ െ ଶܶሿ ൅ ሺ1 െ ሻሺ1ݖ െ ሻݕ ଶܲ  (5) 

The expected return of consumers “not participating in” ChatGPT is C1-y. 
ଵି௬ܥ     ൌ ݖݔ ଶܲ ൅ ሺ1ݖ െ ሻݔ ଶܲ ൅ ሺ1ݔ െ ሻݖ ଶܲ ൅ ሺ1 െ ሻሺ1ݖ െ ሻݕ ଶܲ              (6) 

The average income ̅ܥ of consumers is as follows. 
ܥ̅     ൌ ௬ܥݕ ൅ ሺ1 െ  ଵି௬                                   (7)ܥሻݕ

Therefore, the replicator dynamic equation of consumers is as follows. 

    
ௗ௬

ௗ௧
ൌ ሺ1ݕ െ ሺ2ܽܳଶݖݔሻሾݕ െ ܳଶሻ ൅ ሺܳଶݔ െ ܽܳଶ െ ଶܶሻሿ                      (8) 

The expected return function of the government “advocating” and “not advocating” ChatGPT is 
Oz and O1-z, respectively, with തܱ as the average return. 

The expected income of the government “advocating” ChatGPT is OZ. 

௭ܱ ൌ ൫ݕݔ ଷܲ ൅ ܽܳଷ ൅ ௣ܤ ൅ ௖ܤ െ ଷܶ൯ ൅ ሺ1ݕ െ ሻሺݔ ଷܲ ൅ ܽܳଷ ൅ ௣ܤ ൅ ௖ܤ݀ െ ଷܶሻ ൅ ሺ1ݔ െ ሻሺݕ ଷܲ ൅

ܽܳଷ ൅ ௣ܤ݀ ൅ ௖ܤ െ ଷܶ െ ܵሻ ൅ ሺ1 െ ሻሺ1ݔ െ ሻሺݕ ଷܲ ൅ ܽܳଷ ൅ ௣ܤ݀ ൅ ௖ܤ݀ െ ଷܶሻ        (9) 

The expected income of the government “not advocating” is O1-Z. 
ଵܱି௭ ൌ ൫ݕݔ ଷܲ ൅ ܫ െ ௣ܤ െ ௖൯ܤ ൅ ሺ1ݕ െ ሻሺݔ ଷܲ െ ௣ሻܤ ൅ ሺ1ݔ െ ሻሺݕ ଷܲ ൅ ܫ െ ௖ሻܤ ൅ ሺ1 െ ሻሺ1ݔ െ ሻݕ ଷܲ    (10) 

The average government income is തܱ. 
    തܱ ൌ ݖ ௭ܱ ൅ ሺ1 െ ሻݖ ଵܱି௭                                   (11) 

Therefore, the government’s replicator dynamic equation is as follows. 
ௗ௭

ௗ௧
ൌ ሺ1ݖ െ ௖ܤ௖െ݀ܤሺ2ݔሻሾݖ െ ܵ െ ሻܫ ൅ ܵݕݔ ൅ ௣ܤ൫2ݕ െ ௣൯ܤ݀ ൅ ܽܳଷ െ ଷܶ ൅ ௖ܤ݀ ൅  ௣ሿ (12)ܤ݀

4.3.2 Equilibrium Solution 

The game among enterprises, consumers, and government is evolving, that is, their probability of 
any strategy is time-dependent. According to the stability principle of differential equations, when all 
dynamic equations are zero, it means that the whole dynamic system will tend to be stable. Obviously, 
there are eight special equilibrium points in this paper, including ܧଵሺ0,0,0ሻ, ,ଶሺ0,0,1ሻܧ
,ଷሺ0,1,0ሻܧ ସሺ0,1,1ሻܧ ହሺ1,1,1ሻܧ , ,଺ሺ1,0,0ሻܧ , ,଻ሺ1,0,1ሻܧ  ሺ1,1,0ሻ଼ܧ . In other words, stakeholders 
adopt pure strategies at each equilibrium point. The above eight equilibrium points constitute the 
boundary of the solution domain of the evolutionary game ሼሺx, y, xሻ|x ൌ 0,1; y ൌ 0,1; z ൌ 0,1ሽ . 
When the replicator dynamic equations of the three parties are zero simultaneously, there are 
equilibrium points of mixed strategies ܧଽሺݔ∗, ,∗ݕ ,∗ݔ .ሻ∗ݖ ,∗ݕ are as shown below. If 0	∗ݖ ൏ ∗ݔ ൏
1, 0 ൏ ∗ݕ ൏ 1, 0 ൏ ∗ݖ ൏ 1,then the equilibrium solution of the mixed strategy lies in the solution 
domain of the evolutionary game, otherwise, there is no equilibrium solution. 
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∗ݔ ൌ
௣ܤ൫2ܥ െ ௣൯ܤ݀ ൅ ሺܦ ଷܶ െ ܽܳଷ െ ௣ܤ݀ െ ௖ሻܤ݀

ܵܥ ൅ ௖ܤሺ2ܦ െ ௖ܤ݀ െ ܫ െ ܵሻ
 

∗ݕ ൌ
஻ሾ భ்ା௅ିሺଵି௔ሻொభሿି஺ሺଶ௔ொభିொభାௌାூሻ

஻௅ି஺ௌ
=
஼

஽
 

∗ݖ ൌ ଶܶ െ ሺ1 െ ܽሻܳଶ
ሺ2ܽ െ 1ሻܳଶ

ൌ
ܣ
ܤ

 

4.3.3 Evolutionary Stability Strategy 

Whether the equilibrium point obtained by replicating the dynamic equation is an evolutionary 
stability strategy needs further verification. Only when the equilibrium point satisfies both strict Nash 
equilibrium and pure strategy of Nash equilibrium, they are in the state of evolutionary stability. ܧଽ 
is a mixed strategy and cannot be an evolutionary stability strategy. Thus, by analyzing the 
eigenvalues of the Jacobian matrix of the system, the stability of the system at ܧଵ~଼ܧ is judged. The 
calculation formula of the Jacobian matrix is as follows. 
 

ܬ ൌ
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ۈ
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ଵܨߙ
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ଷܨߙ
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ଵܨߙ
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ଶܨߙ
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ଷܨߙ
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ی

ۋ
ۋ
ۋ
ۊ

ൌ ൭
ଵଵܨ
ଶଵܨ
ଷଵܨ

			
ଵଶܨ
ଶଶܨ
ଷଶܨ

			
ଵଷܨ
ଶଷܨ
ଷଷܨ
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Where ܨଵଵ ൌ ሺ1 െ ܵݕݖሻሾെݔ2 ൅ ሺ2ܽܳଵݖ െ ܳଵ ൅ ܵ ൅ ሻܫ ൅ ܮݕ ൅ ሺ1 െ ܽሻܳଵ െ ܫ െ ଵܶሿ , ଵଶܨ ൌ
ሺ1ݔ െ ܵݖሻሺെݔ ൅ ,ሻܮ ଵଷܨ ൌ ሺ1ݔ െ ܵݕሻሾെݔ ൅ ሺ2ܽܳଵ െ ܳଵ ൅ ܵ ൅ ሻሿܫ , ଶଵܨ ൌ ሺ1ݕ െ ሺ2ܽܳଶݖሻሾݕ െ
ܳଶሻ ൅ ሺܳଶ െ ܽܳଶ െ ଶܶሻሿ, ଶଶܨ ൌ ሺ1 െ ሺ2ܽܳଶݖݔሻሾݕ2 െ ܳଶሻ ൅ ሺܳଶݔ െ ܽܳଶ െ ଶܶሻሿ, ଶଷܨ ൌ ሺ1ݕݔ െ
ሻሺ2ܽܳଶݕ െ ܳଶሻ, ଷଵܨ ൌ ሺ1ݖ െ ௖ܤሻሺ2ݖ െ ௖ܤ݀ െ ܫ െ ܵ ൅ ,ሻܵݕ ଷଶܨ ൌ ሺ1ݖ െ ௣ܤሻ൫2ݖ െ ௣ܤ݀ ൅
,൯ܵݔ ଷଷܨ ൌ ሺ1 െ ௖ܤሺ2ݔሻሾݖ2 െ ௖ܤ݀ െ ܫ െ ܵሻ ൅ ݏݕݔ ൅ ௣ܤ൫2ݕ െ ௣൯ܤ݀ ൅ ܽܳଷ െ ଷܶ ൅ ௣ܤ݀ ൅  .௖ሿܤ݀

According to 0 ൏ ∗ݖ ൏ 1, simplification can be obtained as follows. When 0 ൏ ܽ ൏ 1/2, ܽܳଶ െ
ଶܶ ൏ 0, ሺ1 െ ܽሻܳଶ െ ଶܶ ൐ 0 . When 1/2 ൏ ܽ ൏ 1 , ܽܳଶ െ ଶܶ ൐ 0, ሺ1 െ ܽሻܳଶ െ ଶܶ ൏ 0 . By the 

same token, this paper assumes 0 ൏ ܽ ൏ 1/2 , and there is ܽܳଵ െ ଵܶ ൏ 0, ሺ1 െ ܽሻܳଵ െ ଵܶ ൐
0, ܽܳଷ െ ଷܶ ൏ 0, ሺ1 െ ܽሻܳଷ െ ଷܶ ൐ 0 . When 1/2 ൏ ܽ ൏ 1 , ܽܳଵ െ ଵܶ ൐ 0, ሺ1 െ ܽሻܳଵ െ ଵܶ ൏ 0,
ܽܳଷ െ ଷܶ ൐ 0, ሺ1 െ ܽሻܳଷ െ ଷܶ ൏ 0. 
 

As for the equilibrium point ܧଵሺ0,0,0ሻ, the Jacobian matrix ܬଵ is as follows, ܬݐ݁ܦ ൌ 0, which is 
obviously not a stable point. 
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As for the equilibrium point ܧଶሺ0,0,1ሻ, the Jacobian matrix ܬଶ is as follows, ܬݐ݁ܦ ൌ 0, which is 

obviously not a stable point. 

ଶܬ ൌ ൭
aܳଵ ൅ S െ ଵܶ
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As for the equilibrium point ܧଷሺ0,1,0ሻ, the Jacobian matrix ܬଷ is as follows, ܬݐ݁ܦ ൌ 0, which is 

obviously not a stable point. 

ଷܬ ൌ ൭
L ൅ ሺ1 െ aሻܳଵ െ I െ ଵܶ

0
0

			
0
0
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0
0
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As for the equilibrium point ܧସሺ0,1,1ሻ, the Jacobian matrix ܬସ is as follows, ܬݐ݁ܦ ൌ 0, which is 
obviously not a stable point. 

ସܬ ൌ ൭
L ൅ aܳଵ െ I െ ଵܶ

0
0

			
0
0
0
			

0
0

െሺ2ܤ௣ ൅ aܳଷ െ ଷܶ ൅ dܤ௖ሻ
൱ 

 
As for the equilibrium point ܧହሺ1,1,1ሻ , the Jacobian matrix ܬହ  is as follows. In ܬହ ܬݐ݁ܦ, ൌ

െሺܽܳଵ ൅ ܮ െ ܫ െ ଵܶሻሺaܳଶ െ ଶܶሻ൫	2ܤ௣ െ I ൅ aܳଷ െ ଷܶ ൅ ,௖൯ܤ2 ܬݎܶ ൌ ܫ2 െ ܽܳଵ െ ܮ ൅ ܶ1 െ
ܽܳଶ ൅ ଶܶ െ ௣ܤ2 െ aܳଷ ൅ ଷܶ െ .௖ܤ2 When 0 ൏ ܽ ൏ 1/2 , ܬݐ݁ܦ ൐ 0, ܬݎܶ ൐ 0 ; when 1/2 ൏ ܽ ൏
ݐ݁ܦ	,1 ൏ 0, ܬݎܶ ൐ 0. Therefore, when 1/2 ൏ ܽ ൏ 1, there is a stable point. 

ହܬ ൌ ൭
െሺL ൅ aܳଵ െ I െ ଵܶሻ

0
0

	െ ሺ
0
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െሺ2ܤ௣ െ I ൅ aܳଷ െ ଷܶ ൅ ௖ሻܤ2
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As for the equilibrium point ܧ଺ሺ1,0,0ሻ, the Jacobian matrix ܬ଺  is as follows. In ܬ଺, ܬݐ݁ܦ ൌ

െሾሺ1 െ aሻܳଵ െ I െ ଵܶሿሺܳଶ െ aܳଶ െ ଶܶሻሺ	aܳଷ െ I െ S െ ଷܶ ൅ ௖ܤ2 ൅ dܤ௣ሻ, ܬݎܶ ൌ െሾሺ1 െ aሻܳଵ െ

ଵܶሿ ൅	ܳଶ െ aܳଶ െ ଶܶ ൅ 	aܳଷ െ S െ ଷܶ ൅ ௖ܤ2 ൅ dܤ௣ . When 0 ൏ ܽ ൏ 1/2 ܬݐ݁ܦ , ൏ 0, ܬݎܶ ൏ 0 ; 
when 1/2 ൏ ܽ ൏ 1, ܳଷ െ ଷܶ ൐ 0, ܬݐ݁ܦ ൐ 0, ܬݎܶ ൐ 0. Therefore, there is no stable point in this 
case. 
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As for the equilibrium point ܧ଻ሺ1,0,1ሻ, the Jacobian matrix ܬ଻  is as follows. In ܬ଻ ܬݐ݁ܦ , ൌ

ሺaܳଵ ൅ S െ ଵܶሻሺaܳଶ െ ଶܶሻ൫	aܳଷ െ I െ S െ ଷܶ ൅ ௖ܤ2 ൅ dܤ௣൯, ܬݎܶ ൌ 	െaܳଵ ൅ ଵܶ ൅ aܳଶ െ ଶܶ െ
ሺaܳଷ െ I െ ଷܶ ൅ ௖ܤ2 ൅ dܤ௣ሻ . When 0 ൏ ܽ ൏ 1/2 ܬݐ݁ܦ ,  ൏ 0, ܬݎܶ ൐ 0  . When 1/2 ൏ ܽ ൏
ܬݐ݁ܦ	,1 ൐ 0, ܬݎܶ ൐ 0. Therefore, when 0 ൏ ܽ ൏ 1/2, there is a stable point. 
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As for the equilibrium point ଼ܧሺ1,1,0ሻ , the Jacobian matrix ଼ܬ  is as follows. In ଼ܬ ܬݐ݁ܦ, ൌ

ሾL ൅ ሺ1 െ aሻܳଵ െ I െ ଵܶሿሺܳଶ െ aܳଶ െ ଶܶሻ൫	2ܤ௣ െ I ൅ aܳଷ െ ଷܶ ൅ ,௖൯ܤ2 ܬݎܶ ൌ െሾL ൅ ሺ1 െ
aሻܳଵ െ ଵܶሿ െ ሺܳଶ െ aܳଶ െ ଶܶሻ ൅ ௣ܤ2	 ൅ aܳଷ െ ଷܶ ൅ ௖ܤ2 . When 0 ൏ ܽ ൏ ܬݐ݁ܦ , 1/2 ൐ 0, ܬݎܶ ൏
0 . When ܽ ൐ ܬݐ݁ܦ	,1/2 ൏ 0, ܬݎܶ ൏ 0. Therefore, when 0 ൏ ܽ ൏ 1/2, there is a stable point. 
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Based on the above calculation and analysis, when 1/2 ൏ ܽ ൏  .ହሺ1,1,1ሻ is a stable pointܧ ,1

Namely, enterprises “use” ChatGPT, consumers “participate in” ChatGPT, and the government 
“advocates” ChatGPT. When 0 ൏ ܽ ൏ 1/2 ሺ1,1,0ሻ଼ܧ		and	଻ሺ1,0,1ሻܧ ,  are both the equilibrium 
point, that is, (a.) enterprises “use” ChatGPT, consumers “do not participate in” ChatGPT, and the 
government “advocates” ChatGPT; (b.) enterprises “use” ChatGPT, consumers “participate in” 
ChatGPT, and the government “does not advocate” ChatGPT. 

5. Conclusion 

Taking ChatGPT as an example, this paper constructs a dynamic evolutionary game model among 
government, enterprises, and consumers. From the perspective of the entire technology governance, 
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this paper obtains several evolutionary stability strategies through the solution of the model. The 
specific conclusions are as follows. 

From the aspect of risk coefficient analysis, when the risk coefficient is 1/2 ൏ ܽ ൏ 1, that is, the 
risk is high, ሺ1,1,1ሻ is an evolutionary stability strategy, which means enterprises “use” ChatGPT, 
consumers “participate in” ChatGPT, and governments “advocate” ChatGPT. When the risk 
coefficient is 0 ൏ ܽ ൏ 1/2, the risk is low, ሺ1,0,1ሻ	and	ሺ1,1,0ሻare evolutionary stability strategies, 
which means (a.) enterprises “use” ChatGPT, consumers “do not participate in” ChatGPT, and 
governments “advocate” ChatGPT; (b.) enterprises “use” ChatGPT, consumers “participate in” 
ChatGPT, and governments “do not advocate” ChatGPT. When the risk is high, the economic and 
social benefits brought by ChatGPT are huge enough, so the government will advocate its use and 
development, enterprises will devote themselves to maximizing such benefits, and consumers will 
participate in making profits from it. When the risk is low, as for the strategy ሺ1,0,1ሻ, the government 
realizes that if ChatGPT is reasonably applied, it will greatly benefit society and enterprises with 
limited and controllable risks. Thus, the government will advocate its use. In order to pursue the 
maximum benefit with governmental support, enterprises will use ChatGPT. However, as for 
consumers, consumers may not to participate in it because of insufficient governmental 
popularization, preferential strength, or high consumption costs. As for the strategy ሺ1,1,0ሻ, both 
enterprises and consumers can avoid greater risks and the losses caused by risks are controllable, thus 
the government will not invest to supervise and advocate ChatGPT, allowing the market self-
regulation and participation of enterprises and consumers. 
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