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High-tech enterprises, as the key subjects that can stimulate innovation vitality and promote innovation-driven development
strategies in China, require government guidance for their innovative activities. However, the existing research has not answered
the issue of how the government behavior activates the innovation ability of high-tech enterprises and what is the internal
mechanism. As such, this paper takes government participation in high-tech enterprises as its research object, constructs an
evolutionary game model of government participation in enterprise innovation, analyzes the internal mechanism of im-
provements to high-tech enterprises’ innovation ability under government tax and fee policy incentives and regulatory measures,
and uses MATLAB numerical simulation to verify the results.%e research shows that (1) increasing the general corporate income
tax rate and reducing the high-tech corporate income tax rate can promote the transformation of general enterprises into high-
tech enterprises and encourage enterprises to engage in scientific and technological innovation activities. However, when the high-
tech corporate income tax rate is lower than 0.1, the marginal effect will be reduced. (2) Increasing the deduction coefficient and
amortization coefficient can make high-tech enterprises more motivated to participate in innovation activities and thus render
enterprise innovation more lucrative. (3) Increasing administrative penalties from regulatory authorities can promote the
development of innovative activities in high-tech enterprises, but their intensity must be controlled within a reasonable range.%e
presented results have reference value for the adjustment of tax and fee policies among high-tech enterprises.

1. Introduction

In the context of the new normal of economic develop-
ment, to further transform the structure of economic
development and find new forms of kinetic energy, China
has implemented an innovation-driven development
strategy to encourage innovation and entrepreneurship in
its population. Such innovation activities are mainly
pursued by enterprises. In particular, high-tech enterprises
are the key players involved in stimulating China’s in-
novation vitality and promoting innovation-driven de-
velopment strategies. At the same time, innovation
activities need to be guided by the government in the midst
of highly complex modern technology and uncertain
trends of economic development. With government co-
operation, enterprises and government play the most

critical role in China’s implementation of innovation-
driven development strategies. Exploring the internal
mechanisms of the government’s influence on the inno-
vation capabilities of enterprises is essential for the gov-
ernment to improve its guidance and the innovation
capabilities of high-tech enterprises.

As an important means for the government to en-
courage enterprises to engage in scientific and techno-
logical innovation activities, tax and fee policies can
provide support and guarantees for the innovation of high-
tech enterprises. At present, China is vigorously cultivating
high-tech enterprises, and through the recognition of high-
tech enterprise qualifications, it has given them consid-
erable preferential treatment under taxation and research
and development policies. %is has involved enhanced
monitoring of management in high-tech enterprises in
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various regions and putting forward rectification opinions
and correcting them within a time limit for identified
agencies presenting problems. When such problems are
serious, the companies are notified and reprimanded.
Within this process, high-tech enterprises act as subjects of
innovation activities, while the government acts as a subject
of incentives and supervision. Before launching an inno-
vative activity, a high-tech enterprise will not only consider
the input and output of the activity but also whether the
government will adopt preferential tax policies and ad-
ministrative supervision measures and the relevant be-
havioral decisions of the government. At the same time, the
government will consider means to adjust tax and fee
policies and regulatory measures to maximize the inno-
vation capabilities of enterprises and maximize the benefits
to society. Both parties continue to adjust their behavior
strategies through information acquisition and experiential
learning until they reach an equilibrium state. %is process
essentially involves a game of interest between high-tech
enterprises and the government.

Consequently, the motivations of this paper are sum-
marized as follows: how to clearly describe the behavior of
government and enterprise? how to examine the game
behavior process between them? and what kind of behavior
is most conducive to enterprise innovation and maximi-
zation of social benefits? To respond to these, this paper
introduces the evolutionary game theory to model the
behavior of mutual influence between government and
high-tech enterprises and analyze the evolution process
and equilibrium point of the game behavior between them.
%e main contributions of the paper are as follows:

(1) To construct the evolutionary game model of ana-
lyzing the behavior of mutual influence between
government and high-tech enterprises on innovation
activity.

(2) To examine the game process of their behavior by the
dynamic equation copying, thus understanding the
change path of interaction behavior between en-
terprises and government.

(3) To solve the equilibrium point of the evolutionary
game model based on the Pareto principle, so as to
determine the best behavior strategy that is beneficial
to both enterprises and government.

%e rest of this article is organized as follows: Section 2
conducts the literature review, including the research on
the evolutionary game and the impact of the government’s
tax policy on the innovation of high-tech enterprises.
Section 3 presents the relevant theoretical research basis,
puts forward basic theoretical hypotheses, and constructs
an evolutionary game model of government participation
in enterprise innovation. Section 4 focuses on the analysis
of influencing factors. MATLAB software is used to
simulate and explore the evolution of the studied system
with numerical changes in the main parameters. Section 5
uses evolutionary game theory and MATLAB numerical
simulation to analyze the internal mechanisms and
marginal effects of high-tech enterprises’ innovation

capabilities under government tax and fee policy incen-
tives and regulatory measures. Section 6 summarizes the
conclusion.

2. Literature Review

2.1. Research on Evolutionary Game. Maynard Smith and
Price explained the limited conflict between animals with
game theory and evolutionary game theory in order to open
up a new field. Assarzadegan et al. [1] explored for the first
time a supply chain consisting of one National Brand (NB)
manufacturer and a population of retailers under two sce-
narios. In the first, each retailer sells NB and chooses either
to introduce an Economy Private Label or not. In the second
scenario, each retailer chooses either to introduce a Pre-
mium Private Label or not. To solve the problem, an evo-
lutionary game is introduced and the retailers’ behavior is
analyzed. Using two numerical examples, parametric anal-
ysis and managerial insights are also provided. Shi et al. [2]
explored the behaviors of the diffusion system regarding
low-carbon technologies, this study builds an agent-based
model to simulate enterprises’ reactions to multiple policy
interventions aimed at spurring low-carbon technology
diffusion. %e model reveals a dilemma of policy inter-
ventions: intuitively, carbon taxes, asymmetric penalties,
and subsidies can improve the diffusion. Tian et al. [3]
proposed to consider dynamical and diversity attacking
strategies in the simulation of reputation management
scheme evaluation. %ey applied evolutionary game theory
to model the evolution process of malicious users’ attacking
strategies and discussed the methodology of the evaluation
simulations. Chen and Hu [4] believed that the evolutionary
game theory is applied to examine the behavioral strategies
of the manufacturers in response to various combinations of
carbon taxes and subsidies considering that the manufac-
tured products have no distinctly low-carbon characteristics.
Kang et al. [5] explored the stable strategies analysis based on
the utility of Z-number in the evolutionary games which is
proposed, which can simulate the procedure of human’s
competition and cooperation more authentically and more
flexibly. Zhang et al. [6] reviewed and analyzed the evolu-
tionary trajectories of the government, contractors, and
investors by establishing evolutionary game models under
quality assurance and revenue-sharing contracts that stip-
ulate punishments and rewards. Yu and Rehman Khan [7]
explored COVID-19 and the income gap between rural areas
and urban areas; they designed a financing system for
GAPSC with agricultural product suppliers as financiers and
urban residents as investors. Simultaneously, they built an
evolutionary game model based on the relationship between
agricultural product suppliers and urban residents in the
financing system. Xu et al. [8] explored a three-population
model of suppliers, manufacturers, and governments based
on evolutionary game theory and analyzed the evolutionary
stable strategies of their unilateral and joint behaviors.
Further, system dynamics is applied to empirical analysis for
exploring the dynamic interaction of the populations’
strategy, and the key factors affecting ESS are also discussed
in detail. Kang et al. [9] followed evolutionary low-carbon
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supply chain enterprise behavior and the strategic issues
associated with government low-carbon policies and the
emerging low-carbon market. %e two levels supply chain
consisting of a retailer and a manufacturer is established. A
Stackelberg game approach is employed to solve four retailer
and manufacturer low-carbon strategy combinations, after
which these strategies are further analyzed using an evo-
lutionary theoretical game approach, from which an evo-
lutionary stability strategy is determined.

2.2.(e Impact of Government’s Tax Policy on the Innovation
of High-Tech Enterprises. Most studies show that tax and fee
policies will promote innovation by high-tech enterprises.
Sun et al. [10] adopted the economic perspective of taxation
policy to promote technological innovation and developed a
taxation policy that could address the uncertain results of
high-tech enterprises’ innovation activities and the exter-
nalities of benefits to a certain extent. Qi et al. [11] believed
that reduced preferential intensity can encourage enterprises
to invest in R&D. Kläser et al. [12] also verified that the R&D
super deduction policy has a significant tax incentive effect
on enterprises. Chen and Li [13] explored the potential
adverse effects of limiting tax incentives on corporate R&D
expenditures and found the negative impact of reducing
R&D incentives to exceed the cost of reducing R&D
investment.

In terms of government subsidies and tax credits, Chen
et al. [14] found that government financial subsidies and tax
incentives significantly improve the R&D efficiency of high-
tech industries. Álvarez et al. [15] analyzed the effectiveness
of public subsidies and tax credits used to promote long-
term R&D investment and found that public subsidies are
more effective for companies in which R&D investment is
sustained and project quality is critical and that tax credits
are suitable for promoting overall long-term R&D invest-
ment. In addition to its positive promotional effect, many
scholars also believe that tax and fee policies either have no
significant impact on the innovation of high-tech enterprises
or will have a negative impact. Song et al. [16] analyzed the
impact of government financial incentive policies on the
innovation performance of small and medium-sized high-
tech enterprises and found that government subsidies have a
significant incentivizing effect on enterprise innovation
while tax incentives not only cannot improve enterprise
innovation performance but sometimes will also have a
negative impact on such performance. Chen and Gupta [17]
explored the relationship between taxation policies and R&D
investment and found that when companies do not have
beneficial innovation opportunities, tax incentives alone
may not be able to effectively increase R&D expenditures.
Tian et al. [18] found that while tax relief for high-tech
enterprises is positively correlated with R & D efficiency,
reduced R&D activities show a stable negative correlation
with R&D efficiency. Jia and Ma [19] evaluated the impact of
tax incentives on corporate R&D expenditures and found
that tax incentives significantly stimulate private enterprise
R&D but have almost no effect on state-owned enterprises’
R&D expenditures.

In terms of research methods, most of the current re-
search on the relationship between tax policy and corporate
innovation uses qualitative analysis [10, 20] and quantitative
empirical analysis methods. Among these methods, quan-
titative empirical analysis methods used mainly include the
propensity score matching method [21, 22], the question-
naire survey method [23, 24], and panel data regression
analysis [11, 17, 25, 26].

A review of the literature shows that existing research
has laid a theoretical foundation for tax policy and corporate
innovation research. Related research mainly focuses on the
impact of tax preferential policies and government subsidies
on corporate R&D efficiency and R&D investment and on
the effectiveness of tax credit policies and their impacts on
the technological innovation activities of enterprises, but
results have not yet provided a unified conclusion. Existing
research only concludes that the tax and fee policies have a
positive or negative impact on the innovation capacities of
high-tech enterprises and has not provided an in-depth
discussion of its internal impact mechanism and marginal
effects. Empirical research mainly uses historical data to
verify existing assumptions. It is not possible to use such an
approach to explore the impact of long-term development
[27]. Moreover, while many scholars have recognized that
evolutionary games are an important tool for analyzing the
relationship between government and enterprises
[2, 4, 6, 28, 29], they have not yet used evolutionary game
theory to analyze the impact of tax and fee policies on the
innovation capabilities of high-tech enterprises.

In conclusion, the gaps in the literature fulfilled by this
research are provided in the Authors’ Contributions section
(Table 1).

%erefore, to compensate for such gaps in the existing
literature, this article makes the following contributions. (1)
Evolutionary game theory is used to analyze the group
behavior of participants from the perspective of bounded
rationality to clearly describe the decision-making processes
and learning behaviors of the government and high-tech
enterprises and thus reveal the dynamic evolution processes
of the two actors. (2) From the dynamic evolution process of
the game between the government and enterprises, an
evolutionary game model of the innovation behaviors of
high-tech enterprises with the participation of the govern-
ment is constructed, and internal mechanisms of the gov-
ernment designed to promote the innovation abilities of
high-tech enterprises through tax policies and regulatory
measures are examined. We analyze and strive to promote
the improvement of high-tech enterprises’ innovation ca-
pabilities and to provide valuable guidance for the adjust-
ment of tax and fee policies among high-tech enterprises.

3. Construction of the Evolutionary
Game Model

3.1. (eoretical Basis. At present, the Chinese government
greatly incentivizes enterprises, especially those with high-
tech qualifications, to engage in innovation activities using
corporate income tax and R&D policies. Compared to tra-
ditional enterprises, high-tech enterprises pay more attention
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to technological innovation and engage continuously in high-
tech innovation through the intensive investment of R&D
funds and talent. Although high-tech enterprises enjoy the
competitive advantages brought about by continuous inno-
vation, the application of new technologies and the opening of
new markets are often highly risky and therefore require
government support and guidance [22].

%e universality, high transparency, and predictability of
preferential tax policies can help companies make R&D
decisions. Relevant research shows that after being recog-
nized as high-tech enterprises, a series of preferential policies
have a significant incentivizing effect on firms’ innovation
capabilities [22, 30]. In terms of corporate income tax, high-
tech enterprise income tax is levied at a reduced tax rate of
15%, which increases corporate cash flow and indirectly
increases capital supply by reducing the taxable amount
imposed on high-tech enterprises and reducing taxes [12]. In
addition, this regulation has also addressed policy mal-
practice resulting from regional preferences, which has been
conducive to ensuring fair competition among qualified
high-tech enterprises. In terms of R&D policies, the gov-
ernment has adopted super deduction as a preferential
policy to encourage enterprises to increase R&D investment
and has further increased the pretax deduction ratio of
research and development expenses for technology-based
SMEs, which reflects the government’s support for enter-
prise technology research and development. %e greater the
R&D expenses of an enterprise are, the more expenses will be
deducted accordingly, thereby reducing the enterprise’s
R&D risk, promoting the enterprise’s technology R&D in-
vestment, and promoting the cultivation and development
of high-tech talent. Whether an enterprise engages in R&D
activity, whether it can obtain R&D tax deductions, and the
extent of the deductions depend entirely on its independent
decision-making, which can further promote the autonomy
of enterprise R&D and the improvement of enterprise R&D
output and economic performance [31, 32]. In addition to
providing policy incentives, to ensure that scientific and
technological innovation activities are carried out in a
standardized and orderly manner, the government will
strengthen the supervision and management of recognized
high-tech enterprises and penalize behaviors that violate the
relevant regulations of high-tech enterprises in terms of
innovation or operation activities.

%e government applies incentives and sanctions on
high-tech enterprises, and government actions have a direct
impact on enterprise innovation. However, it may be that the
stronger the incentives and sanctions become, the more they
can promote the improvement of the innovative capabilities
of high-tech enterprises. %is problem can be analyzed using
the marginal effect theory of economics. In economics, an
increase in the consumption of goods or services by con-
sumers will generally cause changes in the total income
generated by such consumption. Under normal circum-
stances, for every additional unit of consumption of a
product or service, the increase in revenue will gradually
decrease; that is, the marginal effect will decrease accord-
ingly. When the marginal effect gradual curve and marginal
cost curve intersect at one point, the point of consumer
spending relative to the product or service achieves the
maximum benefit or degree of equilibrium [33, 34].
%erefore, this article discusses how the government can
adjust tax and fee policies and sanctions to achieve the
maximum benefits for high-tech enterprise innovation
based on marginal effect theory.

3.2. Notations and Assumptions. %rough an analysis of
basic theory, this section builds an evolutionary game model
based on whether the government participates in an in-
centive and supervision mechanism to promote the im-
provement of enterprise innovation capabilities. Based on
this theory, the following basic notations are applied as
shown in Table 2.

Based on the basic notations and their meanings in
Table 2, some assumptions are proposed as follows:

(1) For a specific scientific and technological innovation
activity, high-tech enterprises act as the main actors
of innovation, and the government acts as the main
body for incentives and supervision [4]. %ese two
subjects constitute differentiated groups of limited
rationality. High-tech enterprises seek to maximize
their own benefits, and their behavioral goal is to
engage in scientific and technological innovation
activities or not [10]. %e government pursues the
maximum social benefits, and their behavioral op-
tions include adopting strong incentives and su-
pervision or weak incentives and supervision [1].

Table 1: Contribution of previous authors.

Author(s) Government participation Innovation behavior Correlation Research method
Sun et al. [10] Taxation policy Developed Significant Qualitative analysis
Jia and Ma [19] Tax incentive R&D expenditures Insignificant Qualitative analysis
Qi et al. [11] Tax incentive Innovation capability Significant Panel regression analysis
Chen and Li [13] Tax incentive R&D incentives Significant Quantitative empirical analysis
Song et al. [16] Tax incentive Innovation performance Insignificant Quantitative empirical analysis
Chen et al. [14] Taxation policy R&D efficiency Significant Quantitative empirical analysis
Kläser et al. [12] Taxation policy Developed Significant Quantitative empirical analysis
Chen and Gupta [17] Taxation policy R&D incentives Insignificant Panel regression analysis
Liu et al. [27] Government regulation Developed Significant Evolutionary game
Zhu G. et al. [29] Environmental supervision Developed Significant Evolutionary game
Álvarez et al. [15] Public subsidies R&D investment Significant Quantitative empirical analysis
%is model Government supervision Developed Significant Evolutionary game
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High-tech enterprises’ engagement in scientific and
technological innovation activities will be affected by
government taxation and R&D policies. Conversely,
government taxation and R&D policies are also
adjusted according to the actual needs of high-tech
enterprises [4, 15]. Both parties decide whether to
engage in a certain scientific and technological in-
novation activity through a dynamic game process
and finally reach a consistent equilibrium state
through strategy selection.

(2) %e typical income of high-tech enterprises is R, and
the income generated from engaging in a specific
scientific and technological innovation activity is R′.
After engaging in this activity, the total investment in
technology development, personnel training, and the
use of basic supporting facilities is I′. Among these
values, the expenditure on R&D expenses is I1, the
expenditure on form intangible assets is I2,
I′ � I1 + I2, and the typical investment that does not
involve technological innovation activities is I.

(3) %e income tax rate granted by the government to
encourage high-tech enterprises to engage in certain
innovative activities is T′, and normal corporate
income tax rate T implements a deduction policy for
companies actively engaged in research and devel-
opment [11].%e additional deduction coefficient for
internal independent research and development
intangible asset expense expenditures is α, the am-
ortization coefficient of intangible assets from cap-
italization expenditures is β, and the amortization
period is n. Under government incentives, enter-
prises also actively respond to the additional benefits
brought to society by engaging in technological
innovation activities S.

(4) %e cost of the government’s preparation and
implementation (such as inspection and resource
coordination) for a certain technological innovation
activity adopted by high-tech enterprises is C [17].
%e government sanctions high-tech enterprises for
violating relevant regulations of high-tech

enterprises in their innovation or operation activi-
ties, and the punishment is denoted as F.

3.3. Evolutionary Game Revenue Matrix and Construction of
Revenue Function. Assume that the probability of a high-
tech enterprise choosing to engage in scientific and tech-
nological innovation activities is x; then, the probability of
not developing is (1 − x). %e probability of the government
applying strong incentives and supervision is y; then, the
probability of applying weak incentives and supervision is
(1 − y), and both x and y are functions of time t. According
to our basic assumptions, under different strategies, the
profit matrix of the two parties involved in the game is
shown in Table 3.

Table 3 presents the income functions of high-tech
enterprises and the government for different strategies.
When the benefits of high-tech enterprises choosing to
engage in or not engage in scientific and technological in-
novation activities are UE1and US1, respectively, and the
expected return of the hybrid strategy is U1, the expressions
of UE1, US1, and U1 are as follows:

UE1 � y R′ − I′ − R′ − I1(1 + α) −
I2(1 + β)

n
 T′ 

+(1 − y) R′ − I′ − R′ − I′( T( 

� y R′ − I′( T + R′ − I1(1 + α) −
I2(1 + β)

n
 T′ 

+ R′ − I′( (1 − T),

US1 � y(R − I − (R − I)T − F) +(1 − y)(R − I − (R − I)T)

�(R − I)(1 − T) − yF,

U1 � xUE1 +(1 − x)US1.

(1)

When the government applies strong incentives and
supervision and weak incentives and supervision to obtain

Table 2: %e basic notations.

Notation Specific meaning and unit
R %e primary income of enterprises (million yuan)
R′ %e increased income of enterprises (million yuan)
I %e typical investment (million yuan)
I′ %e total investment (million yuan)
I1 %e expenditure on R&D expenses (million yuan)
I2 %e expenditure on form intangible assets (million yuan)
T %e normal corporate income tax rate (%)
T′ %e changed income tax rate (%)
α %e additional deduction coefficient (%)
β %e amortization coefficient (%)
n %e amortization period (year)
S %e additional benefits (million yuan)
C %e cost of the government’s preparation and implementation (million yuan)
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benefitsUE2 andUS2, respectively, and the expected return of
the hybrid strategy is U2, the expressions of UE2, US2, and U2
are as follows:

UE2 � x R′ − α 1 + I1(  −
β 1 + I2( 

n
 T′ − C + S  +(1 − x)[(R − I)T − C + F]

� x R′ − α 1 + I1(  −
β 1 + I2( 

n
 T′ + S − (R − I)T − F  +(R − I)T − C + F,

US2 � x R′ − I′( T + S  +(1 − x)(R − I)T

� x R′ − I′( T + S − (R − I)T  +(R − I)T,

U2 � yUE2 +(1 − y)US2.

(2)

4. Solution of Evolutionary Stability Strategy
Based on Dynamic Equation Copying

To determine the dynamic process involved in copying the
game between the government and high-tech enterprises,
relevant evolutionary game theories and the calculation of
expected returns are used to identify the dynamic evolu-
tionary stable strategy between the government and high-
tech enterprises. Evolutionary game theory is premised on
an evolutionarily stable strategy and replication dynamics
[35]. For an evolutionarily stable strategy [36], the strategy is
a stable equilibrium strategy, if and only if the following
happens:

(1) s∗constitutes a Nash equilibrium; for any strategy s,
we have u(s∗, s∗)≥ u(s∗, s);

(2) Assuming that s∗ ≠ s satisfies u(s∗, s∗) � u(s∗, s), we
have u(s∗, s∗)> u(s∗, s).

%e replication dynamic is mainly used to describe the
dynamic differential equation of the frequency or probability
of a strategy being used in a certain population expressed as
follows [37, 38]:

f(k) �
dxk

dt
� xk[u(k, s) − u(s, s)], k � 1, 2, 3, . . . , K,

(3)

where xk is the probability of a certain population using
strategy k, u(k, s) is the fitness of using strategy k, and u(s, s)

is its average fitness. In addition, for strategy k to become an
evolutionarily stable strategy, it must satisfy f(k) � 0 and
f′(k)< 0.

According to the above theories and formulas, the dy-
namic equations of replication and their evolutionary sta-
bility strategies for high-tech enterprises and governments
are solved. %e evolutionary replication dynamic equation
for high-tech enterprises engaged in scientific and techno-
logical innovation activities is as shown as follows:

f(x) �
dx

dt
� x UE1 − U1(  � x UE1 − xUE1 − (1 − x)US1(  � x(1 − x) UE1 − US1( 

� x(1 − x) y R′ − I′( T + R′ − I1(1 + α) −
I2(1 + β)

n
 T′  + R′ − I′( (1 − T) − (R − I)(1 − T) + yF 

� x(1 − x) y R′ − I′( T + R′ − I1(1 + α) −
I2(1 + β)

n
 T′ + F  + R′ − I′( (1 − T) − (R − I)(1 − T) 

� x(1 − x) y R′ − I′( T + R′ − I1(1 + α) −
I2(1 + β)

n
 T′ + F  + R′ − I′ − R + I( (1 − T) .

(4)

Table 3: Government and enterprise income matrix.

Government
Strong incentives and supervision Weak incentives and supervision

Enterprise
Develop R′ − I′ − [R′ − I1(1 + α) − I2(1 + β)/n]T′; R′ − I′ − (R′ − I′)T;

[R′ − α(1 + I1) − β(1 + I2)/n]T′ − C + S (R′ − I′)T + S

Not open R − I − (R − I)T − F; R − I − (R − I)T;
(R − I)T − C + F (R − I)T
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%e second derivative of equation (4) is as follows:

f′(x) �
d2x
dt

2

� (1 − 2x) y R′ − I′( T + R′ − I1(1 + α) −
I2(1 + β)

n
 T′ + F  + R′ − I′ − R + I( (1 − T) .

(5)

Let (dx/dt) � 0 and we can then write the solution to the
copied dynamic equation as x∗ � 0, x∗ � 1, and y∗ � ((I′ +
R − R′− I)(1 − T)/(R′ − I′)T + [R′ − I1(1 + α) − I2(1 + β
)/n]T′ + F). %erefore, according to the judgment condi-
tions of the evolutionary stability strategy, the following
three evolutionary stability strategies available for high-tech
enterprises to engage in technological innovation activities
are obtained.

① When y � y∗ � ((I′ + R − R′ − I)(1 − T)/(R′ − I′)
T + [R′ − I1(1 + α) − I2(1 + β)/n]T′ + F), f(x) �

0, and f′(x) � 0 are obtained for any x, then all x

values are in a stable state. %erefore, when the
probability of the government implementing strong
incentives and supervision to promote high-tech
enterprises to engage in technological innovation
activities is ((I′ + R − R′ − I)(1 − T)/(R′ − I′)T +

[R′ − I1(1 + α) − I2(1 + β)/n]T′ + F), the probabil-
ity of high-tech enterprises engaging in techno-
logical innovation activities is stable as shown in
Figure 1(a).

② When y>y∗ � ((I′ + R − R′ − I)(1 − T)/(R′ − I′)
T + [R′ − I1(1 + α) − I2(1 + β)/n]T′ + F), f(1) � 0,
and f′(1)< 0 are obtained according to the dy-
namic replication equation, x∗ � 1 is an evolu-
tionarily stable strategy. %at is, when the

probability of the government implementing in-
centives and regulatorymeasures reaches ((I′ + R −

R′ − I)(1 − T) /(R′ − I′)T + [R′ − I1(1 + α) − I2 (1
+ β)/n]T′ + F) and continues to increase, the
probability of high-tech enterprises engaging in
scientific and technological innovation activities
gradually increases and will eventually develop as
their best strategic plan as shown in Figure 1(b).

③ When y<y∗ � ((I′ + R − R′ − I)(1 − T)/(R′ − I′)
T + [R′ − I1(1 + α) − I2(1 + β)/n]T′ + F), f(0) � 0,
and f′(0)< 0 are obtained according to the repli-
cation dynamic equation, x∗ � 0 is an evolutionarily
stable strategy; that is, when the probability of the
government implementing incentives and regula-
tory measures is less than
((I′ + R − R′ − I)(1 − T)/(R′ − I′)T + [R′ − I1(1 +

α) − I2(1 + β)/n]T′ + F) and continues to decrease,
the probability of high-tech enterprises engaging in
technological innovation activities gradually de-
creases and eventually will not emerge as the best
strategy as shown in Figure 1(c).

With the same specifications, the dynamic equation for
the evolution and replication of the government’s imple-
mentation of incentive and regulatory measures is shown in
equation (6):

f(y) �
dy

dt
� y UE2 − U2( 

� y UE2 − yUE2 − (1 − y)US2  � y(1 − y) UE2 − US2( 

� y(1 − y)

x R′ − α 1 + I1(  −
β 1 + I2( 

n
 T′ + S − (R − I)T − F 

+(R − I)T − C + F − x R′ − I′( T + S − (R − I)T  − (R − I)T

 

� y(1 − y)

x R′ − α 1 + I1(  −
β 1 + I2( 

n
 T′ + S − (R − I)T − F 

− C + F − x R′ − I′( T + S − (R − I)T 

 

� y(1 − y) x R′ − α 1 + I1(  −
β 1 + I2( 

n
 T′ − F − R′ − I′( T  − C + F .

(6)
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%e second derivative of equation (6) is as follows:

f′(y) �
d2y
dt

2 � (1 − 2y) x R′ − α 1 + I1(  −
β 1 + I2( 

n
 T′ − F − R′ − I′( T  − C + F . (7)

Let (dy/dt) � 0, and the solution of the copy dynamic
equation is y∗ � 0, y∗ � 1, and x∗ � (C − F/[R′ − α (1 +

I1) − β(1 + I2)/n]T′ − F− (R′ − I′)T).
According to the judgment conditions of the evolu-

tionary stability strategy, the following three evolutionary
stability strategies available for the government to imple-
ment incentive and regulatory measures are obtained.

① When x � x∗ � (C − F/[R′ − α(1 + I1) − β(1 + I2)

/n]T′ − F − (R′ − I′)T), f(y) � 0, andf′(y) � 0
are obtained for any y, ally values are in a stable
state. %erefore, when the probability of high-tech
enterprises engaging in scientific and technological
innovation activities is m, the likelihood of the
government implementing strong incentives and
supervision is stable, as shown in Figure 2(a).

② When x>x∗ � (C − F/[R′ − α(1 + I1) − β(1 + I2)

/n]T′ − F − (R′ − I′)T), f(1) � 0, and f′(1)< 0 are
obtained according to the replication dynamic
equation, y∗ � 1 is an evolutionarily stable strategy;
that is, when the probability of high-tech enterprises
engaging in scientific and technological innovation
activities reaches (C − F/[R′ − α(1 + I1)

− β(1 + I2)/n]T′ − F − (R′ − I′)T) and continues to

increase, the intensity of government incentives and
supervision also increases, and strong incentives
and supervision are taken as the best strategy as
shown in Figure 2(b).

③ When x< x∗ � (C − F/[R′ − α(1 + I1) − β(1 + I2)

/n]T′ − F − (R′ − I′)T), f(0) � 0, and f′(0)< 0 are
obtained according to the replication dynamic
equation, y∗ � 0 is an evolutionarily stable strategy.
%erefore, when the probability of high-tech en-
terprises engaging in scientific and technological
innovation activities is less than (C − F/[R′ − α(1 +

I1) − β(1 + I2)/n]T′ − F − (R′ − I′)T) and gradu-
ally declines, the intensity of government incentives
and supervision will also decline, and weak incen-
tives and supervision will eventually constitute the
best strategy as shown in Figure 2(c).

According to the above analysis, the dynamic game
evolution path of advanced enterprises and governments is
comprehensively shown in Figure 3. In Figure 3, points O
and B denote the evolutionary and stable strategies available
for high-tech enterprises and the government to jointly
engage in scientific and technological innovation activities,
and the stable strategy to which the system finally converges

y = y∗

dx/dt

(a)

y > y∗

dx/dt

(b)

y < y∗

dx/dt

(c)

Figure 1: Reproduction dynamic phase diagram for high-tech enterprises.
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depends on the selection of both sides of the game.When the
selection of high-tech enterprises and the government are
located in the AOC area, the system evolution strategy will
eventually converge to point O (0,0); that is, high-tech
enterprises will not engage in scientific and technological
innovation activities, and the government will choose to
implement weak incentives and regulatory measures. %e
government then does not implement effective incentives
and regulatory measures, and high-tech enterprises have no
motivation to engage in new technological innovation ac-
tivities. When the initial strategy of high-tech enterprises
and the government is located in the ABC area, the system
evolution strategy will eventually converge to point B (1,1);
that is, high-tech enterprises will engage in scientific and
technological innovation activities, and the government will
choose to implement strong incentives and regulatory

measures. %e government then implements effective in-
centive and regulatory measures, and high-tech enterprises
actively engage in scientific and technological innovation
activities to enhance their innovation capabilities. Point B
(1, 1) denotes an ideal stable strategy, and the parameters
should be adjusted to render the system most likely to
converge to Pareto optimal equilibrium point B (1, 1). %en,
the chosen strategy of both parties should be located in the
ABC area x>x∗, y>y∗.

According to the influencing factors of the equilibrium
point, the lower the income tax rate T′ for high-tech en-
terprises, the general corporate income tax rate T, the in-
tangible asset expense expenditure plus the deduction
coefficient α, the capitalization expense forming the intan-
gible asset amortization coefficient β , and the administrative
penalty amount are, the larger F is, and the more likely the

x = x∗

dy/dt

(a)

x > x∗

dy/dt

(b)

x < x∗

dy/dt

(c)

Figure 2: Government’s replication dynamic phase diagram.

D (x∗, y∗)

0 (0, 0) A (1, 0)

C (0, 1)
B (1, 1)

Figure 3: Evolution path of the dynamic game between high-tech enterprises and the government.
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equilibrium point will tend to be point B. %eoretically, the
government can increase the tax incentives and additional
deductions and administrative penalties of high-tech en-
terprises such that x> x∗, y>y∗, causing high-tech enter-
prises to actively engage in scientific and technological
innovation activities as their optimal strategy and improving
their corporate innovation capabilities. %is approach op-
timizes the industrial structure, but to determine if it can
truly promote the innovation abilities of high-tech enter-
prises, it is necessary to simulate the influence of the
abovementioned related parameters on the evolution of the
system.

5. Numerical Simulation and Result Analysis

Based on the above demonstration of the influence of
changes in various factors on the strategic choices of game
players, the evolutionary law of high-tech enterprise inno-
vation behavior under government participation is further
analyzed. In this study, MATLAB software is used for
simulation to explore the evolution of the system with
numerical changes in the main parameters. To investigate
the innovation activities and operating conditions of high-
tech enterprises, a 30-person team of experts was established
to analyze key indicator data and score points to obtain
corresponding indicator weights as reliable data for nu-
merical simulation analysis.

%e incomes of high-tech enterprises before and after
scientific and technological innovation activities are R � 200
and R′ � 235, respectively, and corresponding R&D in-
vestment values I � 30and I′ � 75, respectively. For the
investment in scientific and technological innovation ac-
tivities, the research and development expenditure is
I1 � 25, the expenditure for forming intangible assets is
I2 � 50, and additional social benefits are denoted by S � 30.
At present, the general corporate income tax rate and high-
tech corporate income tax rate set by the Chinese govern-
ment are T � 0.25 and T′ � 0.15, respectively. %e addi-
tional deduction coefficient for intangible asset expenditure
is α� 75%, the cost amortization coefficient for intangible
assets formed by capital expenditure is β� 75%, the amor-
tization period is n � 10, the administrative penalty is
F � 10, and the government supervision cost allocated to
each enterprise is C � 5. Based on the above data, the impact
of the main parameter changes on system evolution is
analyzed.

We analyze the impact of the high-tech enterprise
income tax rate on system evolution as shown in Figure 4.
For the scenario where the initial probability is 0.5, the
values are 0.25, 0.20, 0.15, 0.10, and 0.05. In the early stages
of the tax policy announcement, as the government in-
creased its preferential income tax rate for high-tech en-
terprises, the rate at which high-tech enterprises
participated in innovation activities to the Pareto optimal
“ideal point” gradually accelerated, and the smaller the T′
value was, the faster evolution became. When T′ takes a
value of 0.20, the system starts to converge to the “nonideal
point.” As the value of T′ increases, the system converges to
the “nonideal point” faster.

In addition, although the smaller the value of t is, the
more common the evolution of the system to the “ideal
point” becomes, when T′ reaches the critical value of 0.1, the
rate of system evolution begins to stabilize. %us, when the
income tax rate of high-tech enterprises is lower than 0.1, it
will no longer effectively motivate high-tech enterprises to
increase investment in innovation activities.

We next analyze the impact of the general corporate
income tax rateT on enterprises’ motivation to participate in
innovation activities and transform into high-tech enter-
prises as shown in Figure 5. When the initial probability
value is 0.5, t takes values of 0.35, 0.30, 0.25, 0.20, and 0.15.

In the initial stage of the general corporate income tax
rate (t� 0.08 is the critical value in Figure 5), the change in
the T value shows no obvious difference in the impact of
enterprises’ participation in innovation activities and
transformation into high-tech enterprises through
“convergence.”

Over time, after crossing the time threshold of t� 0.08, as
the government sets the higher general corporate income tax
rate T, enterprises’ motivation to participate in innovation
activities and transform into high-tech enterprises evolves to
an “ideal point” faster. Conversely, the lower the general
corporate income tax rate is, the faster a company partici-
pates in innovative activities and transforms into a high-tech
enterprise, which will gradually accelerate its evolution to-
ward “nonideal points.” %at is, the higher the general
corporate income tax rate is, the greater the probability of
companies choosing to engage in technological innovation
activities will become and the more motivated such firms
will be to transform into high-tech enterprises.

We next analyze the impact of the additional deduction
coefficient and amortization coefficient α, β on the partici-
pation of high-tech enterprises in innovation activities and
the improvement of innovation capabilities, as shown in
Figure 6. According to China’s R&D super deduction policy,
the super deduction coefficient and amortization coefficient
are the same. For this reason, in our simulation, the two
coefficients are set the same, and α, β are set as 0.1, 0.3, 0.5,
0.7, and 0.9. Under an initial probability of 0.5, over time, for
enterprises subject to the R&D super deduction policy, the
higher the super deduction and amortization coefficients
become, the more motivated enterprises are to participate in
innovation and R&D activities, and the faster the simulation
system evolves to the “ideal point.” %e lower the additional
deduction coefficient and amortization coefficient are, the
slower the system evolves to the “ideal point.” In addition,
from the simulation results, the size of the R&D super
deduction coefficient and amortization coefficient cannot
hinder the enterprise’s R&D and participation activities.
Because the enterprise itself has a profitable mission, to
increase its profitability, the enterprise itself can cater its
products to the needs of R&D activities, and the govern-
ment’s R & D super deduction for enterprise R&D further
rewards enterprise innovation activities.

Our analysis of the impact of government administrative
penalties on high-tech enterprises’ participation in inno-
vation activities and improvements of innovation capabil-
ities is shown in Figure 7. Since there is no quantified
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administrative penalty standard, values of 0, 5, 10, 15, and 25
are applied in the simulation. For the scenario with an initial
probability of 0.5, over time, the greater the government’s
administrative penalties on high-tech enterprises become,
the more vigilant the enterprises will be to improve their

own operating conditions, enhance their innovation capa-
bilities, and avoid being eliminated. %e rate of evolution to
the ideal point gradually increases. Conversely, the lower the
administrative penalty is, the faster the system will evolve to
“nonideal points.” In addition, when the intensity of
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Figure 4: Impact of the high-tech enterprise income tax rate on system evolution.
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Figure 5: Impact of general corporate income tax rates on system evolution.
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Figure 6: Influence of the additional deduction coefficient and amortization coefficient on system evolution.
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Figure 7: Impact of administrative penalties on system evolution.
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administrative penalties reaches a certain level, that is, when
the value exceeds 15, the marginal effects of administrative
penalties on the improvement of high-tech enterprises’
operating conditions and the enhancement of innovation
capabilities begin to decline, and eventually their effects
become consistent.

6. Conclusion

%is paper uses evolutionary game theory and MATLAB
numerical simulations to analyze the internal mechanisms
and marginal effects of high-tech enterprises’ innovation
capabilities under government tax and fee policy incen-
tives and regulatory measures. %e results show that, in
terms of the internal mechanisms of government tax and
fee policy incentives and regulatory measures to promote
high-tech enterprise innovation, including lower high-
tech enterprise income tax rates, higher general corporate
income tax rates, additional deduction and amortization
coefficients, and an increase in regulatory agencies, all
administrative penalties can encourage enterprises to
engage in scientific and technological innovation. In terms
of the marginal effects of incentives, when the high-tech
enterprise income tax rate drops below 0.1, the marginal
effect of incentives is reduced; when the administrative
penalty is too high, the marginal effect of incentives is
reduced, the general corporate income tax rate increases,
and the deduction and amortization coefficients have little
effect on the marginal effects of incentives. As means to
maximize incentives for high-tech enterprises to engage in
scientific and technological innovation activities and en-
hance their innovation capabilities, the following coun-
termeasures are proposed.

Regarding the corporate income tax rate, the govern-
ment can mobilize enterprises to engage in scientific and
technological innovation activities through a “one drop and
one rise” policy, thereby enhancing the innovation capa-
bilities of enterprises. Under a “one reduction” approach, the
government further encourages enterprises to participate in
scientific and technological innovation activities by reducing
the income tax rate of high-tech enterprises, but attention
should be given to controlling tax reductions to within a
certain range. If the income tax rate of high-tech enterprises
is reduced too much, the marginal effect of incentives will be
reduced, which will not maximize the improvement of
corporate innovation capabilities and social benefits. Under
a “one-liter” approach, the government can increase the
general corporate income tax rate to promote the active
participation of general enterprises in innovation and R&D
activities, enhancing their innovation capabilities and ac-
tively promoting high-tech business transformation.

Regarding the super deduction policy, the super de-
duction and amortization coefficients still show much room
for improvement.%e government can further appropriately
increase the super deduction and amortization coefficients
to motivate enterprises to engage in scientific and techno-
logical innovation and conduct research, and the investment
of funds and R&D personnel will further enhance the in-
novation capabilities of high-tech enterprises.

In terms of regulatory measures, the government can
improve the innovation activities of enterprises by in-
creasing administrative supervision penalties. %e greater
the administrative penalties imposed by the government on
high-tech enterprises are, the more vigilant enterprises will
be to improve their operating conditions, enhance their
innovation capabilities, and avoid being eliminated. How-
ever, the extent of penalties must be controlled within a
reasonable range to prevent administrative penalties from
reducing the marginal effects of improving the operating
conditions and enhancing the innovation capabilities of
high-tech enterprises.

In future work, we can further add consumers [39–42]
into the game pattern between enterprises and the gov-
ernment, thus exploring the game behavior among gov-
ernment, enterprises, and consumers on innovation
activities based on the tripartite game model. In addition,
social welfare [43], environmental protection [44], and other
factors can be considered to be added to the model, so as to
examine more extensive influencing factors of the game
behavior between the government and enterprises.
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