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ABSTRACT Enterprise data resource sharing is an effective means to promote enterprise collaboration,
help the government make scientific and effective decisions, and facilitate the development of the digital
innovation ecosystem. In order to accurately analyze the enterprise data resource sharing strategies of digital
platform enterprises, cooperative enterprises, and the government and the impact of government incentives
on sharing, taking the digital innovation ecosystem as the background, three decision-making models of
Nash non-cooperation, Stackelberg, and collaborative cooperation are constructed by using the differential
game method. Their equilibrium results are obtained, analyzed comparatively, and simulated numerically.
The conclusions are as follows: 1) Under the three strategy options, the data resource sharing effort level
is positively correlated with the data resource sharing capability coefficient, the influence coefficient of
effort level on the digital innovation ecosystem, the digital technology level coefficient of digital platform
enterprises, and negatively correlated with the cost coefficient of data resource sharing and the elimination
rate of shared data resources. 2) Government incentives for data resource sharing can raise the data resource
sharing effort level by digital platform enterprises and cooperative enterprises and enhance the optimal
benefits for all three parties and the system. 3) In the collaborative game, the optimal benefits of the three
parties and the system are maximized, and a reasonable benefit distribution coefficient is determined to
achieve Pareto optimality. Finally, some suggestions and strategies are provided to promote enterprise data
resource sharing and government incentives.

INDEX TERMS Data resource sharing, differential game, digital innovation ecosystem, digital platform
enterprise, government incentive.

I. INTRODUCTION

With the continuous advancement of the new technological
revolution, digital as a new production factor is involved in
innovation activities and promotes the development of inno-
vation theory [1], [2]. Digitalization promotes the change of
production factors, reshapes cooperation and sharing between
innovation subjects, and gives rise to the digital innovation
ecosystem. The digital innovation ecosystem is a complex
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economic system that relies on digital technology, introduces
dataresources, enhances cooperation and information sharing
among subjects, promotes the association and reorganiza-
tion of factors, and thus improves system efficiency and
innovation [3]. Data resources refer to data that has value
through processing. Its value is not determined by itself but
by demand, in the future tense, and subject to judgment.
The same data in different scenarios will also have different
values. Data resources are built based on digital technology,
breaking through time and space barriers, realizing resource
complementarity, sharing across levels, and generating new
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value creation paths and ecological relationships [4], so data
resources have become a competitive resource for enterprises.
Enterprises are direct participants in socio-economic
activities and have massive data resources with significant
economic and social governance values [5]. Such as Wal-
mart, Amazon, Alibaba, and other enterprises, understand
users’ consumption habits and demand tendencies through
users’ purchase histories, browsing behaviors, and other data
resources, and provide users with personalized recommen-
dation services. Identify product sales trends and forecast
future demand trends through historical sales data resources.
Through users’ feedback and evaluation of products, under-
stand the advantages and disadvantages of products and
market feedback, and provide the basis for product improve-
ment and optimization. Data resource sharing can realize the
value of data resources and drive value creation in digital
innovation ecosystems. Enterprise data resource sharing is
the process by which an enterprise makes data acquired
or collected in its production operations available to other
enterprises for use, free of charge or for a fee [6]. Enter-
prise data resource sharing helps enterprises break down data
silos, collaborate efficiently, develop with high quality, fulfill
social responsibilities better, enhance corporate image, and
may also obtain material incentives from the government [7].
And it helps the government make more scientific and effec-
tive decisions, improve the level of social governance and
public services, and promote the development of the digital
economy [5]. However, data resources are characterized by
non-competitiveness, replicability, and non-exclusivity [8].
Enterprise data resource sharing faces problems of risk, trust,
and security, resulting in low circulation of data resources
among enterprises. Enterprises holding data are worried that
data sharing will impair their competitiveness and that data
privacy will be disclosed. Enterprises’ enthusiasm for data
resource sharing is not high, data value has not been fully
released, and data monopolies may also occur [9].
Therefore, local governments need to ensure that data
ethical issues such as data privacy, data security, and digital
accessibility that may be encountered during enterprise data
resource sharing are supervised [10]. National governments
need to adopt incentive strategies to strengthen enterprise
data resource sharing behaviors, address market failures, and
achieve win-win goals for enterprise and society. Basis on
this, this paper takes the digital innovation ecosystem as
the background, constructs a differential game model with
the participation of the digital platform enterprise holding a
large amount of data resources, other cooperative enterprises
participating in data resource sharing, and the government
adopting incentive strategies, and takes the digital technology
level of digital platform enterprises into account. The optimal
returns under different cooperation models are mainly inves-
tigated. Firstly, the optimal strategies, optimal benefits, and
overall optimal benefits of the digital innovation ecosystem
in each of the three scenarios of the Nash non-cooperative,
Stackelberg, and collaborative game models are analyzed
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and calculated. Secondly, the optimal strategy of the three
parties is obtained, and the benefit distribution mechanism
of the three parties is discussed. The impact of the digital
technology level of digital platform enterprises on ecosys-
tem benefits is analyzed, and the key influencing factors of
enterprise data resource sharing behavior and its mechanisms
are explored. Finally, the optimal benefits under the three
cooperation modes are compared, and numerical simulations
are conducted for essential parameters to provide theoretical
guidance and decision support for promoting the develop-
ment of enterprise data resource sharing under government
incentive strategies in digital innovation ecosystems.

The innovations of this paper mainly include: (1) This
paper explores the strategy analysis of enterprise data
resource sharing from the micro perspective of government
incentives in the digital innovation ecosystem, which helps
the government choose more effective incentive strategies to
promote the development of enterprise data resource sharing.
(2) This paper constructs a differential game model with
the participation of digital platform enterprises, cooperative
enterprises, and the government and takes the time factor into
account to analyze the dynamic revenue allocation mecha-
nism of the three parties under time synchronization to ensure
the stability of revenue allocation. (3) This paper takes the
digital platform enterprise as both the sharing party and the
platform party providing the place and takes the level of
digital technology into consideration, which enriches the the-
oretical foundation of the digital platform field and facilitates
the digital platform enterprise to play a better role in sharing.

Il. THEORETICAL BASIS AND RESEARCH REVIEW

A. RELATED RESEARCH ON A DIGITAL PLATFORM
ENTERPRISE

In the era of the digital economy, digital platform enterprises
refer to enterprises that utilize digital technology to build
digital platforms, provide products and services in this way,
and connect two or more parties through digital platforms
[11]. Alstyne et al. found that digital platform businesses
have exploded across industries due to digital technologies
breaking capacity constraints and physical limitations [12].
Evans and Gawer stated that the value of digital platform
enterprises is co-created by the platform participants, creating
network effects and growing with the number of users [13].
He and Sun proposed that digital platform enterprises have
the construction responsibility of guaranteeing platform gov-
ernance and maintaining platform upgrades, the governance
responsibility of governing the behavior of platform partici-
pants, and the social response responsibility of responding to
the government’s expectations and the public’s demands [14].
Qiu proposed that the governance logic of digital platform
enterprises is to make full use of their large-scale character-
istics and advantages, actively explore the regulation of data
ownership, and promote equity in the distribution of digital
dividends, thus promoting social equity [15]. Therefore, the
digital platform enterprise in this paper is both a sharing party
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that provides data resources and a platform party that pro-
vides a sharing place. It plays a crucial role in data resource
sharing by building a digital platform to connect cooperative
enterprises to participate in data resource sharing.

The digital platform is constructed by digital platform
enterprises and is the signature feature of digital platform
enterprises [11]. The digital platform is a platform that takes
digital technology as its core, utilizes digital technology to
integrate diversified data resources, and makes the subjects
within the digital platform highly interconnected to provide
resource sharing services for each subject [16]. Elia et al.
pointed out that digital platform development depends on dig-
ital technologies [17]. Koskinen et al. argued that the essential
characteristics of digital platforms are mediated by digital
technologies, support interactive communication among dif-
ferent user groups, and allow user groups to do specific things
[18]. Zhou and Cheng, suggested that digital platforms enable
efficient cross-border collaboration between innovation sub-
jects and have become a resource-sharing vehicle across
organizational boundaries [19]. The digital platform is an
essential force in developing the digital economy, as it enables
all subjects to interact and share, provides a place to share
data resources, and fundamentally changes how resources are
shared through digital technology.

B. RELATED RESEARCH ON THE DIGITAL INNOVATION
ECOSYSTEM

With the wide application of digital technology, the intrinsic
nature of innovation has largely changed, and digital innova-
tion has become an emerging mode of innovation, subverting
the traditional innovation theory [20]. Digital innovation
refers to the process of innovation using digital technologies.
It can be used to describe both parts of the outcome of an
innovation and the whole of the innovation [21]. Abrell et al.
stated that digital innovation is the use of digital technology to
accelerate the production of products and delivery of services
and improve the innovation process’s performance [22]. The
innovation ecosystem is considered to be a complex system
formed by multiple subjects characterized by symbiotic cou-
pling and competing relationships [23]. Scholars’ research
on innovation ecosystems mainly includes conceptual con-
notation [24], evolutionary mechanisms [25], governance
mechanisms [26], and regional innovation ecology [27].

The digital innovation ecosystem is the combination of
digital innovation and the innovation ecosystem [28], which
refers to an ecological organization system in which innova-
tion subjects complement and share resources across levels
through digital technology and achieve value co-creation
through competitive relationships [29], [30]. Both the general
characteristics of innovation ecosystems and unique charac-
teristics related to digital technology are presented, such as
the more significant heterogeneity of innovation subjects, the
more complex flow of resources, and the more open sharing
of data [31], so the digital innovation ecosystem is a dynamic
process of continuous iterative evolution [32]. Suseno et al.
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considered digital innovation ecosystems as complex sys-
tems that create new products and value through digital
technologies [33]. Adner stated that digital technologies,
digital resources, and digital infrastructure in digital inno-
vation ecosystems have become key production factors for
innovation and have reshaped the logic of value co-creation
[34]. Wei and Zhao pointed out the governance dilemma of
digital innovation ecosystems and proposed new governance
mechanisms and critical scientific governance issues [29].

C. RELATED RESEARCH ON DATA RESOURCE SHARING

Under the digital transformation, digital technologies are
widely used in all aspects, and data resources are being
created. As a new production factor influencing innovation
activities, data resources are the key driving force for the
development of digital innovation ecosystems, creating dis-
ruptive changes to the value output of digital innovation
ecosystems and driving the continuous evolution of digital
innovation ecosystems, which has attracted extensive atten-
tion from more and more scholars [4]. Svahn et al. argued
that data resources disrupt how value is captured and created
by subjects in the process of product innovation in digital
innovation ecosystems, helping them to better cope with
changes in the external environment [35]. Qi and Liu pro-
posed that data resource elements have low competitiveness
and high generalizability, which breaks the limit of reserves,
eases the pressure of inter-subjective resource competition,
and improves the efficiency of subjective production factor
allocation [36]. Unlike traditional resources, data resources
are shared as a way to fully realize their value [37]. But
there are corresponding problems at the same time, and the
related data ethics problems are also very different under
different data sharing scenarios [38]. Xing pointed out that
the protection of personal information during the current
government data sharing in China is insufficient, and a gov-
ernment data sharing law should be formulated [39]. Su and
Ji pointed out that current medical data sharing has problems
such as difficulty guaranteeing privacy and security risks and
insufficient motivation, and that a synergistic mechanism of
medical data sharing can be constructed to enhance the open
governance of healthy medical data [40]. An enterprise’s data
resources hold a great deal of information related to the oper-
ation of individual users and society. Enterprise data resource
sharing can promote the development of the digital economy,
promote enterprise cooperation and collaborative develop-
ment, help the government make more scientific and effective
decisions, and then improve social governance and public
services [5]. Wang and Wei suggested that data resource
sharing can increase the probability and scale of collaborative
innovation inputs among firms [41]. Du et al. pointed out that
the dynamic nature of data resources and firm relationships
influence firms’ willingness to share data resources [42].
Wei et al. found that data heterogeneity and trust level play
a key role in enterprise data resource sharing, and policy
tools such as government subsidies have a guiding role [43].
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To avoid monopolization of enterprise data resources, Chen
and Ma proposed to construct a platform enterprise data
resource sharing system from three aspects: mandatory shar-
ing mechanisms, official guidelines, and fair safeguards for
platform enterprise data resource sharing [44].

D. THE SHORTCOMINGS AND INISGHTS OF EXISTING
RESEARCH

In summary, the research on digital platform enterprises
focuses on the development process, value creation, social
responsibility, and regulatory governance, which provides
theoretical and directional guidance for subsequent research.
The research on digital innovation ecosystems mostly focuses
on conceptual structure, system evolution, and governance
mechanisms, which provides a solid theoretical basis for
subsequent research. However, the research on data resource
sharing mainly focuses on scientific, technological, gov-
ernmental, medical, and other data resources, focusing on
facing dilemmas and sharing programs. And most of them
are from macro and strategic perspectives, rarely from the
micro perspective of government incentive strategy to study
the differential game analysis of the tripartite subjects about
enterprise data resource sharing strategies.

This paper constructs a differential game model involving
digital platform enterprises, cooperative enterprises, and the
government under the background of the digital innovation
ecosystem and studies the strategy choice of enterprise data
resource sharing under the government incentive so as to
make up for the deficiency of existing literature. It helps to
enrich the field of digital platforms and the theory of data
resource sharing, provides decision support for the benign
development of digital innovation ecosystems and govern-
ment incentive strategies to promote enterprise data resource
sharing, and provides a theoretical basis for the differential
game about enterprise data resource sharing in digital inno-
vation ecosystems. Therefore, the research in this paper is of
great theoretical and practical significance.

Ill. PROBLEM DESCRIPTION AND MODEL ASSUMPTION
A. PROBLEM DESCRIPTION

This paper examines the sharing of enterprise data resources
among digital platform enterprises, cooperative enterprises,
and governments in a digital innovation ecosystem. As shown
in Fig. 1, in this system, digital platform enterprises build
digital platforms through digital technology to provide places
for data resource sharing and provide data resources and
access to information through the digital platform. Coopera-
tive enterprises provide data resources to the digital platform
and also obtain the required information from the platform.
Through the sharing of enterprise data resources, further
enhance the information development level, improve the
economic efficiency of enterprises, drive the development
of the digital economy, and promote the development and
change of the industry. Through the incentive strategies, the
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TABLE 1. Parameter symbols and meanings.

symbols meanings
P Digital platform enterprise.
E Cooperative enterprise.
G Government.
A4,(2) Data resource sharing effort level, i=P,E,G.
k Cost coefficient of data resource sharing,
i i=PEG.
f Digital technology level coefficient of digital
P platform enterprises.
C.(t) Data resource sharing cost, i=P,E,G.
1(?) Information development level at moment t.
1 Data resource sharing capability coefficient,
i i=P,EG.
o Elimination rate of shared data resources.
() Total revenue of the digital innovation ecosystem
at moment t.
Influence coefficient of effort level on the digital
i innovation ecosystem,i=P,E,G.
@ The influence coefficient of shared data resources
on the digital innovation ecosystem.
a Revenue distribution coefficient of digital

platform enterprises.

Revenue distribution coefficient of cooperative
enterprises.

Revenue distribution coefficient of the
government.

The incentive coefficient of the government to

o digital platform enterprises.
The incentive coefficient of the government to
cooperative enterprises.

U Discount rate at any time.

government has motivated digital platform enterprises and
cooperative enterprises to share data resources and, at the
same time, obtain information from digital platforms, and
the information development level has been enhanced, which
helps to make more scientific and rational decisions and thus
improves the level of social governance and public services.

B. SYMBOL DESCRIPTION

In the context of digital innovation ecosystems, three
decision-making models, namely Nash non-cooperative,
Stackelberg, and collaborative game, are utilized to explore
the differences in the strategies of digital platform enter-
prises, cooperative enterprises, and the government when
they engage in enterprise data resource sharing. The symbols
and meanings of the parameters involved in the above three
models are shown in Tab. 1.
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FIGURE 1. The logic for enterprise data resource sharing in digital innovation ecosystems.

C. BASIC ASSUMPTION

This paper considers that the subjects of enterprise data
resource sharing in the digital innovation ecosystem are com-
posed of digital platform enterprises, cooperative enterprises,
and the government, all of which are rational subjects, and
the basic assumptions are as follows:

Hypothesis 1: The data resource sharing cost of digital
platform enterprises, cooperative enterprises, and govern-
ment is related to the data resource sharing effort level,
and the data resource sharing cost is a convex function of
the data resource sharing effort level, i.e., the data resource
sharing cost increases with the increase of the data resource
sharing effort level, so the expression of the tripartite cost
function is:

kp

1
Cp (1) = (— )Ap(r)

T
kg
Ce ()= —A ()

k
Ce () = TAG () (0

Hypothesis 2: As data resource sharing is a dynamic and
changing process, it requires participants to make efforts to
share data resources and continuously improve the informa-
tion development level in the digital innovation ecosystem.
Therefore, the stochastic differential equation is utilized to
represent the change in the information development level in
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the digital innovation ecosystem over time as follows:

dl ()
7k ApAp (1) + AAE (1) + AGAg (1) — 81 (1)

(@)

Among them is the initial state of information development
in the digital innovation ecosystem / (0) = Iy > 0.

Hypothesis 3: Data resources shared by enterprises, as a
new production factor, can enhance the information develop-
ment level, improve the economic efficiency of enterprises,
promote the development and change of industries, and
enhance the level of government public services and social
governance, bringing significant benefits to society. Assume
that the total revenue of the digital innovation ecosystem at
moment t is:

It =

7 (1) = 7o + npAp (1) + nEAE (1) + n6AG () + ol (1)
3)

where g > 0 denotes the initial state of the digital innovation
ecosystem.

Hypothesis 4: The total revenues of the digital innova-
tion ecosystem are distributed among the three parties in
the proportion agreed upon by them, with the distribution
coefficients «, B, and 1 — o« — B being constants between
(0,1) and based on the level of importance and contribution
of the three parties in generating the benefits from the shar-
ing of data resources. To build an open sharing ecosystem,
the government will incentivize digital platform enterprises
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and cooperative enterprises to participate in digital resource
sharing with incentive coefficients o, 6 € [0, 1]. Assuming
that all three parties are rational decision-makers with com-
plete information, they aim to find the data resource-sharing
strategy that maximizes their benefits continuously.

IV. MODEL CONSTRUCTION AND ANALYSIS
In order to better analyze the equilibrium state of the data
resource sharing effort levels of digital platform enterprises,
cooperative enterprises, and the government and to verify the
effectiveness of the incentive mechanism, this paper exam-
ines the three scenarios of the Nash non-cooperative game
(labeled with N for convenience of differentiation), the Stack-
elberg game (labeled with S), and the collaborative game
(labeled with C), respectively, under which the objectives of
the digital platform enterprises, the cooperative enterprises,
and the government are all to seek for their respective data
resource sharing strategies with the most significant gains in
a continuous period. The three-party objective functions are
as follows:

The objective function of the digital platform enterprise is:

Jp

oo kp 1 )

— ut _(1— I

_Ag(lgyzco/o e Mlar (1)—(1—o0o (1)) (2 +fP) Ap (1)]dt
4)

The objective function of the cooperative enterprise is:

—ut - . kg 2
Jg = A?(lgéo/o e MBr (1) — (1 — 6 (1)) > Az (H)]dt
)

The objective function of the government is:

o _ kG
Jg = A‘G‘%f%’;o/o M —a = pym (1) = FAG (1)

— o (1) (k—” + 1) A2 00 LA w1 ©
2 fp 2

The control variables in the model are Ap (t) Ag (¢) Ag (¢)
0 (t) y (1), and the state variable is /(¢). The remaining param-
eters are time-independent constants. For convenience, ¢ will
be omitted below. In the following writing Ap (t), Ag (1),
Ag (1), 6 (1), y (¢t) and I(¢) are denoted as Ap, Ag, Ag, 6, ¥
and, I respectively.

A. NASH NON-COOPERATIVE GAME MODEL

In the Nash non-cooperative game scenario, digital plat-
form enterprises, cooperative enterprises, and the government
are independent of each other and have equal status. All
three parties’ decision-making goals are to maximize their
interests, and the government will not provide incentives
to digital platform enterprises and cooperative enterprises,
ie, 0 = 0and 6 = 0. The three parties make optimal
decisions simultaneously and independently, and combining
strategies constitutes a Nash equilibrium solution. At this
time, the objective functions of digital platform enterprises,
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cooperative enterprises, and the government are shown in
equations (7) to (9):

o0
Jp= maX/ e Ma(mo + npAp + neAE + nGAg + wl)
0

Ap=>0
ke 1Y
—| =+ = )Azldt 7
(2 +fP) ! 2
o0
JE = max/ e M[B (o + npAp + nEAE + n6AG + wI)
Ag>0 0
k
- S Apldi @®)
o
Jg = max/ e M(1 —a — B) (o + npAp + NEAE
Ac=0 /o
kG »
+ncAg + ol) — ?AG]dt O]

Assume that there exist continuously differentiable and
bounded revenue functions Vp(I), Ve(I), and Vg(I) for dig-
ital platform enterprises, cooperative enterprises, and the
government, all of which satisfy the following Hamilton-
Jacobi-Bellman (HJB) equation when I > 0O:

pVp)

=£i>(<)[a (w0 + npAp + ngAE + n6Ac + @l)

kp 1
- (_” +f—) Ap+Vp() (ApAp+reAE+AGAG—81)]
P

2
(10)
uVe()
= }‘ni%[ﬁ (7o + npAp + nEAE + n6AG + ol)
EZ

k
— AL+ ViD) (pAp + ApAp +hgA — D] (1)
M7
= }‘11376[(1 —a — B) (o + npAp + NEAE + NGAG + wl)
G=

k
- gAé + VG (pAp + hpAg + AgAg — D] (12)

Calculate the first order partial derivative of Ap, Ag and Ag
on the right side of (10)-(12), and set them equal to zero. The
solution is:

_ (anp + ApVp(D)fp

Ap
kpfp +2

Bne + Ae Vi)

Ap=ETCETEY]
kg

l—a-— VLU

AG:( o ,B)ZG+ cVs) (13)
G

Substitute (13) into (10)-(12), and simplify:

fo [one + 1pVp(D]

V() = [aw — V(D] 1 + amy +

2(kpfp +2)
N lane +2eVpD] [Bne + 1eVEWD)]
kg
n [ang + 16 Vp(D] [ — o — Bng + A V(D]
kG
(14)
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uVe() = [Bw = 8VE(D] I + Bmo
felanp +2pVip(D] [Bnp + 2pVi(D)]
+
kpfp +2
[B1E + AeVED]
2kg
[Bn + A6 VE(D] [ =« — Bng + Ac V5]
kg

+

+
(15)
wVel) = [(1 —a — Bo — VD] + (1 —a — B)mo
+fP [anp+2pViD] [A—a—Bnp+rpViD)]

kpfp +2
ne + AeVg —a— P +AEV;
N [Bne + 2eVEMD][( BIne + reVED]
kg
, 2
N [(1 —a =BG + VWD) (6)
2kg

As can be seen from (14)-(16), the unary function with I as
the independent variable is the solution of the HJB equation:

Ve() = a1l + by
Ve() = axl + by
Vo) = a3l + b3 17

where ay, ay, as, by, by, bz are constants to be solved, which
can be obtained by (17):

;o dVe(l)
Vi) = =7 = an
dVg(l
Vi = TED _ g,
dVe(
V) = dGI( ) 4 (18)

Substitute (17), (18) into (14)-(16) and organize:

fr (@np + rpar)?
2(kpfp +2)
(ang + Agar) (Bng + Apaz)
+
kg
n (anc + Aga) [(1 — a — B)ng + Agas]
kg

w(arl +by) = (@w — Say) I + amg +

(19)
u(azl +b2) = (Bw — daz) I + Bro
fp (anp + Apay) (Bnp + Apaz)
kpfp +2
(BuE + Aear)?
2kg
(Bng + Aca) [(1 — a — B)nG + Agas]
+ ko

+

+

(20)
p(azl +b3) =[(1 —a — Bw —8az)I + (1 —a — B)mo
+fP (anp + Apay) [(1 —a — B)np + Apas]
kpfp +2
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n (Bne + Apa2) (1 —a — B)ne + Apas]
kg
n [(1 —a — B)ng + Agas]*
2k
According to the previous assumptions, (19)-(21) are sat-
isfied for all / > 0, and thus the parameter values of ay, az,
as, by, by, by can be obtained respectively:
ow

nw+6
Bw
a) = ——
nw+o
1l—a—-pBw
7 )
am o%fp [np (u + 8) + Apo)?
o 2u(kpfp +2) (n+ 8)?
LBl (utd)+ rpw]?
kg (1 + 8)
Lol—a—p)nG(n+9) + hgwl®
1k (u + 8)
Bro  aBfelne (n+8) +dpol®
1 1 (kpfp +2) (1 + 8)*
B e (u+ 8) + Apw)®
2ukg (1 + 6)>
L BU—a=PlnG(n+9) + ool
1k (14 + 8)
_(—a=Pmy | al —a—B)fplne (u+8) + Apw]”
1 1 (kpfp +2) (n+ 8)*
LB =Pl +d) + Apw]?
ke (1 + 8)
L a- B [nG (1 + 8) + rgw]?
2uke (1 + 8)°
Substitute ap, az, a3 into (13), the optimal data resource
sharing effort levels of digital platform enterprises, coop-
erative enterprises, and the government in the Nash non-
cooperative game scenario, respectively:

« _ ofplnp (n+6) + rpw]

2n

a) =

az =

by =

b3

(22)

P = (23)
! (kpfp +2) (n + )
AL = Bne (u+8) + rpw] 24)
: ke (1 +8)
. = (I —a =B e (u+98 + rgwl 25)
kG (1 +68)

Substituting the values in (22) into (17), the optimal rev-
enue functions of digital platform enterprises, cooperative
enterprises, and the government in the Nash non-cooperative
game scenario are obtained, respectively:

aw . amy  ofplne (u+8) + hpo)

Vp, (I)* = ——1 +
n = 2u (kpfp +2) (1 + 8)*
+aﬁ[nE(u+5)+AEw]Z
kg (1 + 8)*
— o — 2
Lelze=Pewtd) trcel 0

kG (n + 8)?

VOLUME 12, 2024



Y. Li et al.: Research on Government Incentive and Enterprise Data Resource Sharing Strategies

IEEE Access

Bt 8) + Apw]?
+8 K w (kpfp +2) (1 + 8)
B e (1 +8) + rpw]?

2uke (u+ 8)*

LBU—a=Bne(u+8)+ rGw)?

3 27
pkG (1 + )
v (d—a—Ppo (1 —a—p)m
Ve, D)* = S I+ m
a(l —a — B)fp [np (1 + 8) + Apw]?
w (kpfp +2) (u + 8)2
/3(1 —a — B)[nE (1 + 8) + Apo)?
pkg (1 + 6)?
_ _ 2
(1 a — B) [nc (M+32) + rgw]? (28)
2ukc (1 + )

Thus, the optimal data resource sharing revenue for the dig-
ital innovation ecosystem under this model can be obtained as
follows:

_ el 7 a@=o)fple @t +irel
w8 20 (kpfp +2) (1 + 8)°
B Q2 —B) e (u+38) + rpwl
2uke (u+ 8)°
N [1 = (a+B)*] e (n+8) + rgw]?

2uke (1 + 8)°

Vi (D

(29)

B. STACKELBERG GAME MODEL

In the Stackelberg game scenario, the government acts as
the dominant player in the digital innovation ecosystem,
and digital platform enterprises and cooperative enterprises
are the followers, for which the government adopts certain
incentive strategies to motivate data resource sharing. The
government first determines the incentive coefficients for
digital platform enterprises and cooperative enterprises to
share data resources. After seeing the government’s decision,
digital platform enterprises and cooperative enterprises will
make corresponding strategies to maximize their interests.
Rational government can predict digital platform enterprises
and cooperative enterprises’ follow-through before making
final decisions. At this point, the objective functions of the
digital platform enterprises, cooperative enterprises, and the
government are:

o
Jp = max/ e M
Ap(1)=0 Jo

x [am () — (1 — o (1)) (% +f—i) A2 (n]dt  (30)

Jgp = max / - eMBr (1) — (1 —0 (1)) %EA?E ()]dt

Ap(1)=0 /o
31)
! / T —a—pyr ) - a2
= max — o — T _ —
¢ acz0 Jo 270
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k 1 k
0 (7” + ﬁ) AL (1) — 6 (1) fA% (O)ldt (32)

Assume that there exist continuously differentiable and
bounded revenue functions Vp(I), VE(I), and V(1) for digital
platform enterprises, cooperative enterprises, and the govern-
ment that satisfy the HIB equation for all / > 0. Adopting
the inverse induction method, the optimal decision problems
of digital platform enterprises and cooperative enterprises are
first solved, which can be obtained:

uVp(l) = max[a (wo + npAp + NeAg + nGAG + ol)

CIAYS
el

+ VI/;(I) (ApAp + AEAE + AGAg — 81)]  (33)
uVe(l) = XH%W (7o + npAp + nEAE + nGAc + ol)
EZ

k
—(1-9) ?EA%
+ Vi) (ApAp + AEAE + A6AG — 81)]  (34)
Calculate the first order partial derivative of Ap, Ag on the
right side of (33)-(34) and set them equal to zero. The solution

is:

_ [anp +2pVpD] fr
(1 — ) (kpfp +2)

Bne + e Vi)
(1 —=0) kg
As a rational decision maker, the government can predict

the optimal strategy choices of digital platform enterprises
and cooperative enterprises in advance. The government will
decide the optimal strategy and incentive ratio based on the
response functions (33) and (34) of the digital platform enter-
prises and cooperative enterprises, and its HIB equation can
be expressed as follows:

uVe(l)
= maX[(l —a — B) (o + npAp + neAg + nGAc + ol)

(35)

Ap = (36)

Ag
ke kp 1 ke o
~JAG—o ( +fP)AP 0 A%
+ VL) (ApAp + AEAE + AGAG — 81)] 37)

Calculate the first order partial derivative of Ag on the right
side of (37) and set it equal to zero. The solution is:

l—a— + AcVLU
Ao | B) 16 + 6 VD) )
kg
Substitute (35), (36) into (37) and calculate the first order
partial derivatives of o, 6 on the right side of (37) and setting

them equal to zero. The solution is:
2 =3 = 2B)np + A [2V4() — VA

= ; 7 (39)
(2 —a —=2B)mp + Ap [2VLD) + Vi(D]

_ 2= 20— 3Byne + he [2VG) — V()] 40)
2 = 2a — Bye + he [2VL() + V(D]
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Substituting (35). (36). (38), (39), and (40) into the HIB ~ , _ @T0  « 2=« =2B)fplnp (W +96) + hpo)’

equation simplifies to as in (41)—(43), shown at the bottom of % 4u (kpfp +2) (0 + 6)2
the page. o (2= 20— B) [N (n+8) + rpw]*
As can be seen from (41)-(43), the unary function with [ as + 2kp (1 + 8)2
the independent variable is the solution of the HJB equation: HRE L 2
+ a(l —a — B)[nG (n+6) + Acw]

Vel) = ail + by kG (1t + 8)*
Ve(D) = azl + b py = B0 B =28 folnp (1 +5) + ko’
V() = asl + bs (44) m 2 (kpfp +2) (n+8)°
oy — 2
where ay, ap, as, by, by, bz are constants to be solved, which + B Q=2 —p)lne (n +28) +rrwl
can be obtained by (44): 4uke (1 +98) 5
l—a— +8) 4+ A
/ vl n Bl —a — p)ng (n 2) o]
Vpl) = 7 - pkg (i +6)
) dVe(l) po_ (L= = B0 Q=a=287fpnp (1 +8) + hpol’
VE(I) = =aj 3= + P
dl I 8 (kpfp +2) (0 +6)
ven = Vel _ 43) Q=2 = B lne (1 +9) + ol
dr 81uke (1 +8)°
Substituting (44), (45), into (41)-(43) and organizing gives (1 —a—p)P2ne (n+98) + rgw]?
as in (46)—(48), shown at the bottom of the next page. + 2pke (11 + 8)? (49)
According to the previous assumptions, (46)-(48) are sat-
isfied for all I > 0, and thus the parameter values of ay, a2, Substitute ay, az, az into (35), (36), and (38), the optimal
as, by, ba, b3 can be obtained respectively: data resource sharing effort levels of digital platform enter-
o prises, cooperative enterprises, and the government in the
a) = 3 Stackelberg game scenario, respectively:
7
2—a—2 8) + A
4 — Bw A5 = 2—a—=2B)fplnp (L+6) + Apw] (50)
W+ é ’ 2 (kpfp +2) (n+9)
l—a— 2 —2a — 8+ A
a3:( o — po A _( o — pB) e (n+8) + Apw] 51)
u+9 2 2kg (u+96)
fe [anp + 2pVp(D][2 —a = 2B) np + Ap (Vo) + 2ViWD) ]
Ve(l) = [aw — V(D] I + amy +
uwVe) = | (D] 0 2l 1 2)
N [ane +AeVp(D] [2 = 20 — B) ne + g (Vi) +2V5WD)]
2kg
[ang +26Vp(D] [(1 — & = Blng + A VWD)
+ 41
kg
fe[Bne +2pVe(D][2 —a = 28) np + p (Vp(D) +2V5(D) ]
Vell) = [Bw — 8VL(D|I + Brog +
nVel) = [ (D] + Bro el 12
N [Bne + 2 VeD][2 =20 — B) ne + 2 (Vi) +2V5(D) ]
4kg
+ a6V |1 —a — + AgVEU
o [Bno 4+ 26V D][(1 —a = By + 26V5(0)] @)
kg
wVe) = [ —a — Bo — VD] + (1 —a — f)mo
2
L [@—a—2B)np+ 1p (VHU) +2V5(D) ]
8 (kpfp +2)
[ = 20 — B) ne + Ae (VL) +2V5D)]
+
8kg
l—a— +a6VED]
N [(1 —a = B + raViW)] 43)
2kg

25286 VOLUME 12, 2024



Y. Li et al.: Research on Government Incentive and Enterprise Data Resource Sharing Strategies

IEEE Access

% (I —a—-pB)ne(n+8)+rcw]

@ kG (1 +9) 2
_2-30—28

g -7 P (53)
2—a—28

_2—2a0-3p (54)
T 2-20—8

Substituting the values in (49) into (44), the optimal rev-
enue functions of digital platform enterprises, cooperative
enterprises, and the government in the Stackelberg game
scenario are obtained, respectively:

* aw (0% 4}
Ve, )" = ml + 7
a2 —a—2B)fplnp (1 +8) + rpol*
A (kpfe +2) (1 + 8)*

N a2 =20~ B)[nE (1 +8) + Apw]?
2ukg (1 + 8)2
Loelza =BG (u+d)+ rGwl?

L Q=20 =B lne (1 +) + ol
8ukp (1 +8)?
L =a = B2 06 (4 +8) + 2ol
2ukg (u + 8)*
Thus, the optimal data resource sharing revenue for the dig-

ital innovation ecosystem under this model can be obtained as
follows:

(57

Vs (I)* _ wl JT()
m+ w+s
[4 - (« + 28)%]fp np (1 + 8) + Apw]?
81 (kpfp +2) (14 + 6)*

N [4 — Qo+ B)?] e (n + ) + reol?
8ukp (1 + 8)*
[1 — (a+ B)*] G (n +8) + rgwl?
2uke (1 + 8)°

(58)

C. COLLABORATIVE GAME MODEL

pka (1 + 8)2 (55) In the collaborative game scenario, digital platform enter-
. Bw Bmo prises, cooperative enterprises, and the government work
Ve, ()" = ?I + 7 together to enhance data resource sharing capability and
o 2 improve information development levels. The three parties,
pQ—a—2p)fplne (i +9) 2+ il as an organic whole, determine the optimal decision for all
2u (kpfp +2) (1 +6) three parties to maximize the overall benefits of the digital
,3 Q2 =20 —B) e (1 +8) + rpw]? innovation ecosystem. At this point, the objective function
dukg (1 + 8)? shared by digital platform enterprises, cooperative enter-
| —a— §) 4 A prises, and the government is:
,3( o —B)nG (n +2) + dgo]? (56)
kG (1 +98) J=Jp+Je+Js
-a-Po  (—-—a—-PBmo o0
Vg, (D* = I+ — —pt
G, (I Lt o 1 A ga}po/o e " [(mo+npAp+neAE + ncAg+wl)
Q2 —a—28)fp[np (1 +8) + Apo)? ~ (kp L] ) 2 ke, ke 43 (59)
81 (kpfp +2) (n +8)° )t 2k ¢
fp (anp + Apar) [(2 — o —2B) np + Ap (a1 + 2a3)]
u(al +b1) = (@w —Say) I +amg +
4(kpfp +2)
(O”IE + Apar) [(2 —2a — B) ne + Ag (a2 + 2a3)]
2kg
ang + Aga l—a-— + Aga
n (ang + Agar) [( - BnG + rgasl (46)
fp (Bnp + Apar) [(2 — o — 2B) np + Ap (a1 + 2a3)]
w(azl +b2) = (Bw — Saz) I + o +
2(kpfp +2)
(.BT'IE + Apaz) [(2 — 2a — B) ne + Ag (a2 + 2a3)]
4kg
+ Aga l—a-— + Aga
n (Bng + rgaz) [( - BnG + rgasl @7
fel@—a—2B)np+hp (a1 + 2a3)P
w@al +b3)=[1—a—pBw—2=8a3]l +(1 —a — B)my +
p P 8 (kpfp +2)
[(2— 20 — B) g + A (a2 + 2a3)]
+
8kg
[(1 — o — B)ng + rgas)?
+ T (48)
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Assume that there exists a continuously differentiable and
bounded revenue function V(I), for the digital innovation
ecosystem, all of which satisfy the following HIB equation
when I > 0:

uVd)= max [(mo+ npAp+ ngAg + ncAg + ol)

Ap,Ag,Ag>0
kp 1 s kg o kG o
Y AT E L
(2 +fp) PTRET R
+ V'(I) (opAp + AEAE + AGAG — 81)] (60)

Calculate the first order partial derivative of Ap, Ag, Ag,
and set them equal to zero. The solution is:

Ap = (mp + 2pV'(D)fp
kpfp+2
ne +reV'(I)
kg
Ag = nG +rgV'() ©1)
kg

Substituting (61) into (60) simplifies to:

fo[np + 2V (D]
2(kpfp +2)
Dt V(O] L e+ a6V (D]
2kg 2kg

As can be seen from (62), the unary function with I as the
independent variable is the solution of the HIB equation:

Ap =

pV) = [w—8V'(D]1+ 7o+

(62)

V) =al + b (63)
where aj, by are the constants to be solved, which can be
obtained by (63):

dv)
V()= —— = 64

() i ay (64)

Substituting (63), (64) into (62) gives:

+ Apaj)>
p(ar] +by) = (@ — Say) I + mo +2.1P T Apal”

2(kpfp +2)
(e + Apa1)? (NG + Agar)?
65
+ e + T (65)

According to the previous assumptions, (64) is satisfied for
all I > 0, and thus, the parameter values of a;, b; can be
obtained respectively:

w
ay = ——
w4+
b= 0 fe[np (k + 8) + rpo]?

w2 (kpfe 4 2) (11 + 8)?
e (1 +8) + rpwl® (06 (1 + 8) + rgw]?
2uke (1 + 8)* 2ukg (1 + 8)°

(66)

Substitute a; into (61), the optimal data resource shar-
ing effort levels of digital platform enterprises, cooperative

25288

enterprises, and the government in the collaborative game
scenario, respectively:

_Jelnp (n+6) + Apwl

Ap, = (67)
P (kefe D) (4 )
« _NME(+98)+Airw
A= T Wt ) (©9
. _ NG+ +hcw
A6 = W) ©

Substituting the values in (65) into (63), the optimal
income functions of digital platform enterprises, cooperative
enterprises, and the government in the collaborative game
scenario are obtained, respectively:

_ ao , amo  afelip (4 +8) +reol’
m+8  w 2ukpfp+2) (n+8)?

a [nG (1 + 8) + rgw]?
2ukG (1 + 8)?

alne (n+8) + rpw]?
2uke (u+ 8)2

(70)
Ve, ()*
_ Bo . Bro  Bfelne (1 +8) +rpol?
wAS o 2ukefp +2) (14 8)?

B nG (1 +8) + Agw]?
2ukc (1 + 8)?

B nE (1t +8) + Apw]?
2uke (1 + 8)*

(71)
Ve, (D
_(-e-Po,  (d-a-pm
n+s 7
(1 —a—B)fplnp (1 +8) + Apwl*
21 (kpfp +2) (1 + 8)*
L da — o — B) [N (u+8) + rpol?
2ukg (n+8)*
LA -a-Bentd + Ago]? )

2uke (u + 8)*
Thus, the optimal data resource sharing revenue for the dig-
ital innovation ecosystem under this model can be obtained as
follows:
o o mo  felne (n+8)+ rpw]?
w8 2u(kpfe +2) (1 +68)°
[nE (1 +8) + hpo]?
2ukg (1t + 8)?
[nG (1 + ) + Aol
2uke (1 +8)°

V()" =

(73)

D. COMPARATIVE ANALYSIS OF MODEL RESULTS

Comparing and analyzing the optimal level of efforts and rev-
enues of digital platform enterprises, cooperative enterprises,
and the government in the three game scenarios, as well as
the information development level and overall benefits of the
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digital innovation ecosystem, this paper obtains the relevant
research propositions, and the specific propositions and the
argumentation process are as follows:

Proposition 1:

Ap, < Ap, < Ap,, Af, <AE2 < Ap,, AG, = AG
A} — Ay A%

G, <AG3,

ot = ZA—*ZPI(O <o < 5),9* = EZTZAE‘(0<9<§)
Proof:
4r g 23028 fplnp (Wt 8) + hpo]
P20 T 2 (kpfp +2) (1 + 8)
2— 30 —28
T 2—a-28
@ —a=2B)fplnp (1 +8) + Apw]
2 (kpfp +2) (1 +8)
=0* A} >0 (74)
AE A% (2 =20 —38)[ne (0 +8) + Apw]
B 2kg (1 + 6)
_2—-2a-3B
T 2-20—p
(2 —=2a — B)[nE (u+8) + Apw]
' 2kg (1 +8)
=A}, 0" >0 (75)
A% =AY, (76)
AE _A* — (e +2B) fp[np (1 +8) + Apw] -0 (77)
P 2 (kpfp +2) (1 + )
Ap —ap, = 22t ﬂ)z[:;& i;)) theol o e
oy = @EP [ZS((;; i;)) ticol o 0

Corollary 1: The government’s data resource sharing
effort level stays the same in Nash’s non-cooperative and
Stackelberg’s games. However, government incentives for
digital platform enterprises and cooperative enterprises can
significantly enhance their effort level, and the increase is
equal to the degree of government incentives.

Proposition 2: The optimal revenues for all three types of
subjects in the Stackelberg game model are more significant
than in the Nash non-cooperative model. Namely Vp,(I)* >
Vp, (D*, Vi, (D > Vg (I)*, Vg, (I)* > Vg, (I)*.

Proof:

Vp,(D* — Vp (D)*
_ @32 —28)fplp (1 +8) + Apw]®
B 4 (kpfp +2) (1 + 8)°
L e@ =20 =38 e (+0) + rpol?
2ukg (1 + 8)*

>0 (80)

_ BQ=3a=2B)fp[np (1 +d) + Arol’
2u (kpfe +2) (11 + 8)?

VOLUME 12, 2024

,3 (2 =20 —3B) [ne (1 +8) + Apw]”

0 81
dutkg (i + 82 -0 G
VGz (I)* - VG] (I)
_ Go+26 -2 fplnp (1 +6) + hpo)?
81 (kpfe +2) (i + 8)?
2 2
(206 +38—-2)"[ne (0 +68) + Apw] -0 (8

8k (n + 8)>

Proposition 3: The optimal revenue in the digital innova-
tion ecosystem is most significant in the collaborative model,
next in the Stackelberg game model, and most minor in
the Nash non-cooperative game model. That is V3(I)* >
VaD)* > Vid)*.

Proof:

Va(h)* — Vi(D)*
_ Ba+28-2) (@ =2 =2 fplnp (+8) + hpol’

811 (kpfp +2) (1 + 6)>
(2a+3,8 2) (—2a + B —2)[nE (u+8) + Apw]?

8uke (1 + 8)> =0
(83)
Va(D)* — Va(D)*
(@428 fp[np (1 + 8) + Apw)?
C Sukpfe+2) (n +6)>
Qo+ B)? [ne (14 + 8) + Apw]?
8uke (n+8)*
@+ B)? NG (1 + 8) + Agw]? - 34

2ukG (1 + 8)?

Corollary 2: The optimal incentive coefficient decreases
with the increase in the benefit sharing coefficient, i.e. a‘; <
0, a‘; <0, %ea <0, 39 < 0.The higher the revenue sharing
ratio between digital platform enterprises and cooperative
enterprises, the smaller the optimal incentive coefficient of
the government for the two types of subjects. At this time, the
government does not need to give a large amount of subsidies
to digital platform enterprises and cooperative enterprises,
and the two types of subjects can also have considerable
income.

Proof: Tt can be obtained from (53), (54) where 0 < o <

2 2.
5,0<,3<§.

9o+ 41— B) 9o+ 4o

ba - C—a—22 " g T 2—a—2pp "

96+ 48 36* 41 — )

be - —2a—pr L g T a—2a—pr "
(85)

Proposition 4: When the benefit distribution coefficients
o B satisfy the following equations, the collaborative model
realizes the optimal benefit of the ecosystem as a whole and
makes the benefits of the three types of participating subjects
Pareto-optimal.
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Proof:

Ve, (I)* > Vp (D", Vs (D* > Vi, (I)*, Ve, (D)* > Vg, (I)*
(86)
Vp,(I)* > Vp,(D)*, VE;(D* > Vg, ()", Vg, (¥ > Vg, (D"
(87)
From Proposition 2, it follows that Vp,(I)* > Vp (I)*,
Ve,(D)* > Vg, ()*, Vg, (I)* > Vg, (I)*, thus, it is only
necessary to prove (87).

It can be obtained from (50)-(52) and (70)-(72) as in
(88)—(90), shown at the bottom of the page.

Let v, = f2lp@dtipol? - [p@udtigel |
u(kaP+2)(M+6)2’ pke (p+8)* °
[n6 (u+8)+rgw)?
kG (u+6)>

Then we obtain as in (91), shown at the bottom of the

page.
The solution as in (92), shown at the bottom of the page.

V. SIMULATION ANALYSIS OF ALGORITHMS
According to the above analysis, it can be seen that digital
platform enterprises, cooperative enterprises, and the gov-
ernment in different game modes, their respective optimal
strategies, optimal revenues, the digital technology level of
the system, as well as the overall optimal revenue of the
digital innovation ecosystem, depend on the selection of the
parameters of the model. Therefore, numerical simulation is
carried out by MATLAB software to visualize the results
and parameters of the three games, which is convenient for
analysis. Referring to the scholars Ji et al. and Qin et al. [45],
[46], and considering reality, the relevant parameters are set
I10) =1y = 1,kp = 0.6, kg = 04, kc = 0.2, fp = 0.3,
Ap=04,AF =03,16=0.2,6 =0.2,np = 0.7, ng = 0.6,
nG =05 w=040=04=03,u=020=0.1,
0 =0.1.

The following is obtained: Ag = 0.06006, Ag = 0.675,
AN = 1.05, V) = 5.1516, V) = 3.458, V) = 3.3624,

afp [np (u+ 8) + Apwl®> o ng (u+8) + Apw]?

a[nG (1 + 8) + Ago)?

(a2 —a—2B)fp[np (1 + 8) + rpo]?

2p (kpfp +2) (i + 8)° 2uke (1 +6)* 2pkc (1 +6)? i A (kefp +2) (n +6)°
Le Q=20 =P e (ut8) +ipol?  al—a—pnc @+ +icel | 88)
2pkg (1 + 8)* 1ke (n +8)2 -

Bfe e (1 +8) + Apwl®  Blne (k+8) + rpw]?

B nG (i + 8) + rgw)?

[B@—a—28)fplnp (1 +8) + hpol

21 (kpfp +2) (n + 8)* 2pke (1 + 8)*
B2 P)ng (u+5)+ rgw]?

2uk (n + 8)*
/3(1 —a =BG (1 +8) + rgw]? |

2u (kpfp +2) (1 + 8)?

dpkg (1 + 8)°
(I —a—B)frlnp (1 +8) + rpw)?

ke (14 + )2
(1 —a—pB)ne (u+8) + rpgw)?

>0 (89)

(1 —a— B)[nG (i +8) + gl

21 (kpfp +2) (u + 8)*

2uke (1 + 8)°
2 —2a — )% e (1 +8) + rpw]?

2uke (1 + 8)*

| @=a =28 fplne (1 + ) + Apo]?
8 (kpfp +2) (1 + 8)?

8k (1 + 8)>

1—a— B2 8) + rgwl?
( a—p) nG(M+2)+ Gw] =0 (90)
2ukc (1 +98)
2—a—2
v1+vz+V32%vl+(2—2a—,3)vz+2(1—a—f3)1)3
vitm+r>Q2—a—28)v —l—fﬂ) +2(1—a—pB)v3 ©n
2 —a—2p)? 2 — 2o — B)?
(o= Pyit (o= prtd-a—puz CoC0,  CZBI, (o gy,
- —4v% + ZV% + 4vivy — 2viv3 + 3vovs
o
- Iviva + 2vivs + 23
5 < ZV% — 4v% + 4vivy + 3vivy — 2vovs (92)
- Mivy 4+ 2vivs + 2vv3
(a+2ﬂ>2—4ﬂ]vl+f(za+ﬁ>2—4a]vz—2<1—a—ﬁ)(a+ﬂ)vaso
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t

FIGURE 2. Optimal revenues for the digital innovation ecosystem.

VN = 11.9721, AS, = 0.0757, AS = 1.0125, A%, = 1.05,
V5 = 5.7758, Vg = 3.7108, V5 = 3.4806, VS = 12.9671,
AS = 0.1514, AS = 225, AC = 3.5, V5 = 7.0415, V§ =
5.2812, Vg =5.2812, V¢ =17.6038.

Therefore, Propositions 1-3 are proofed.

To further verify the conclusion, according to the expres-
sion of the particular solution function of the first-order
differential equation, we can obtain the following:

V) = 561908 — 0.47348¢70%, VY = 381311 —
0.35511e7%%, v = 3.71751 — 0.35511e%%, the overall
income is VN = 13.1558 — 1.1837¢ 0.

Vi = 6.46386 — 0.68806e 0%, V5 = 4.22685 —
0.51605¢7%%, V5 = 3.99665 — 0.51605¢~%%, the overall
income is V5 = 14.68725 — 1.72015¢702,

VE = 951262 — 247112702, VE = 7.43454 —
1.85334¢ 0% V& = 7.13454 — 1.85334¢ 02 the overall
income is V¢ = 23.7816 — 6.1778¢™ -

The simulation diagrams of the above model results are
shown in Figs. Figs. 2-5.

Figs. 2-5 show the trend of optimal revenues over time,
with the horizontal axis being time and the vertical axis
being optimal revenues. The optimal revenues of digital plat-
form enterprises, cooperative enterprises, and the government
increase over time and stabilize after reaching equilibrium.
The collaborative game model outperforms the Stackelberg
game model, and the Stackelberg game model outperforms
the non-collaborative model, both for individual participants
and the digital innovation ecosystem. By incentivizing data
resource sharing between digital platform enterprises and
cooperative enterprises, the government can increase the
overall revenues of the system, validating the conclusions
drawn from Propositions 2 and 3.

Figs. 6-9 are three-dimensional diagrams of the influence
of the data resource sharing capability coefficient, the influ-
ence coefficient of effort level on digital innovation ecosys-
tem impact, the digital technology level coefficient of digital
platform enterprises, and the cost coefficient of data resource
sharing on each parameter of the symbiotic collaborative
innovation system under the collaborative model, with the
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FIGURE 5. Optimal revenues of the government.

horizontal axis showing the time and influence variables and
the vertical axis showing the optimal revenues.

As seen in Figs. 6 and 7, the effect of the data resource shar-
ing capacity coefficient and the influence coefficient of effort
level on the digital innovation ecosystem is positive, with
the magnitude increasing slightly over time. Furthermore,
as the effort level increases, so does the sharing capacity,
which is essentially the same as the effort level. In contrast,
the government’s sharing capacity and effort level had the
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most significant impact on revenues, and digital platform
companies had the most negligible impact. Thus, the gov-
ernment should actively encourage enterprises to enhance
their sharing capacity to accelerate data resource sharing.
For example, strengthen platform support, optimize platform
functions, enrich platform sharing methods, and establish
a sound sharing mechanism to make sharing more regular
and institutionalized. Strengthen the communication between
the government and enterprises, enrich the content of data
resources, improve the talent training mechanism, and pro-
vide strong talent support and guarantees. At the same time,
the government can also provide incentives to enterprises to
enhance their enthusiasm for enterprise data resource sharing,
efforts to share, and sharing capacity, which are subsequently
enhanced so that data resource sharing in the digital innova-
tion ecosystem realizes a virtuous cycle.

As shown in Fig. 8, the impact of digital platform enter-
prises’ digital technology level coefficient on the revenues
of digital innovation ecosystems is positive, stabilizing over
time after a significant revenue increase. Digital technology
eliminates the information gap to a certain extent, improves
information transparency, and reduces the cost of sharing.
The higher the digital technology level, the better the func-
tionality and service level of the digital platform, which
helps to enhance data resource sharing and increase revenue.
However, at the same time, the problems of access to personal
information, privacy, and other issues that jeopardize sharing
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arising from the increased digital technology level should be
avoided.

As seen in Fig. 9, the effect of the data resource sharing
cost coefficient on the revenues of the digital innovation
ecosystem is negative, with the magnitude increasing over
time. The sharing cost of cooperative enterprises has the most
significant impact on revenue. In contrast, digital platform
enterprises build digital platforms through digital technology
to provide sharing places and provide strong support for data
resource sharing. Thus, their sharing cost has the most negli-
gible impact on revenue. Therefore, to reduce the sharing cost
and increase the revenue level, on the one hand, transparent
cooperation mechanisms should be established to reduce the
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friction and disputes that may be encountered during coop-
eration, and reasonable cooperation agreements should be
formulated to protect the interests of all parties and avoid
conflicts of interest. On the other hand, risk management and
security are being strengthened to reduce unnecessary costs
arising from risk and security issues.

VI. CONCLUSION AND IMPLICATIONS

In this paper, the differential game model is used to study
the enterprise data resource sharing problem among digital
platform enterprises, cooperative enterprises, and the gov-
ernment in the digital innovation ecosystem and analyze the
optimal data resource sharing effort level, optimal revenue,
ecosystem optimal revenue situation, and optimal incentive
of the government to the digital platform enterprises and
cooperative enterprises of the three main parties in the Nash
non-cooperative, Stackelberg, and cooperative game modes.
The following conclusions are obtained by comparing the
equilibrium solutions and simulation results in the three
modes:

(1) Under the three game models, data resource sharing
effort level is positively correlated with the data resource shar-
ing capability coefficient, the influence coefficient of effort
level on the digital innovation ecosystem, the digital tech-
nology level coefficient of digital platform enterprises, and
negatively correlated with the cost coefficient of data resource
sharing and the elimination rate of shared data resources.
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(2) In the Stackelberg game model, the data resource
sharing effort levels of digital platform enterprises and coop-
erative enterprises are enhanced compared to the Nash non-
cooperative game model, and the enhancement is equal to the
government’s incentive coefficient for data resource sharing
between digital platform enterprises and cooperative enter-
prises. However, the government shares the same effort level
in the Stackelberg and the Nash non-cooperative game mod-
els. In the collaborative game model, all three parties’ data
resource sharing effort levels are improved compared to the
Stackelberg game model.

(3) The optimal revenues of the three parties and the total
ecosystem revenues in Stackelberg’s game model are strictly
better than those in Nash’s non-cooperative game model, sug-
gesting that government incentives can increase the revenues
to the ecosystem and its members. The cooperative game
model strictly outperforms the Stackelberg game model by
reaching the maximum value and determining a reasonable
benefit distribution coefficient, which can achieve Pareto
optimality.

Based on the findings of the above study, the following
insights can be drawn:

(1) The collaborative game model is an effective solution
for the digital innovation ecosystem to realize open sharing
and high-quality development. However, it is necessary to
determine a fair and reasonable benefit distribution scheme
based on the different divisions of labor, efforts, and contri-
butions of the main parties to satisfy the value acquisition
goals of the main parties, to avoid ‘““free-riding” behaviors,
and to realize cooperation and common progress. To further
increase the willingness to share data resources, to promote
the continuation of sharing behaviors, to enhance the infor-
mation development level, and to promote the continuous
development of the digital innovation ecosystem.

(2) The government needs to formulate and improve rele-
vant laws and regulations, establish regulatory agencies, and
strengthen publicity and education to protect issues such as
data security and privacy protection. On this basis, reason-
able incentive strategies should be adopted, and economic
incentive measures such as rewarding subsidies and tax con-
cessions can be taken to promote enterprise sharing. Laws
and regulations related to data resource sharing should be
introduced to clarify the legality and obligations of shar-
ing. The structure of data resources should be standardized,
and a quality evaluation system should be constructed to
improve the quality of data resources. Optimize and smooth
the data resource sharing platform, strengthen the platform’s
functions, accelerate the interconnection of various platforms
and other measures to improve the willingness of enter-
prises to share and motivate enterprises to actively share data
resources.

(3) Digital platform enterprises should strengthen their
digital technology level, provide a secure and convenient
data resource sharing platform, strengthen data security
and privacy protection and other technical means, reduce
information asymmetry among enterprises, and improve
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information transparency, sharing efficiency, and overall
information development. For all enterprises, they should pay
close attention to government policies, adjust their develop-
ment strategies according to the policies, and improve their
ability to collect, sort, refine, and innovate data resources.
And under the incentive and leadership of the government,
proactively carry out sharing, establish a good sharing and
cooperation mechanism, and jointly solve the problems in the
sharing process so as to realize the goal of a win-win situation
for enterprises and society.

VII. PRACTICAL CONTRIBUTION

Government incentives promote enterprise data resource
sharing, enabling enterprises to better understand and analyze
the market situation and industry trends, assess potential
risks and opportunities, and make more accurate strategic
planning decisions. Help enterprises better understand user
needs and behaviors, provide better products and services,
and improve user satisfaction and loyalty. Strengthen the
exchanges and cooperation among enterprises, break the
information silo, improve the quality and accuracy of data,
improve work efficiency, promote the innovation of enter-
prises and industries, enhance the competitiveness of enter-
prises, and realize the common development and progress of
the industry. Promote the process of digital transformation,
promote the development of digital technology and the digital
economy, and facilitate the construction of the digital inno-
vation ecosystem. Enhance information symmetry, support
enterprises to achieve sustainable development goals and
fulfill social responsibilities, and promote social equity and
development.

VIIl. RESEARCH LIMITATIONS AND PROSPECTS

The following limitations and future perspectives remain in
this paper: (1) There are many participants in enterprise data
resource sharing in digital innovation ecosystems. This paper
only divides the participants into three subjects, namely, digi-
tal platform enterprises, cooperative enterprises, and the gov-
ernment. At the same time, there is a complex, competitive
relationship within the subjects, and subsequent research can
add other subjects and take the competitive relationship into
account. (2) There are many factors affecting data resource
sharing. This paper only selects some of the factors to be
studied, and subsequent research can add security, the level of
trust, the existence of risk, and other factors of data resource
sharing to its impact. (3) This paper only considers the gov-
ernment’s incentive mechanism for data resource sharing,
and future research could further consider the government’s
supervision and regulation mechanism or other mechanisms.
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