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.e digital transformation of the innovation ecosystem is not only an inevitable direction of innovation activities in the era of
digital economy but also a highly complex and uncertain process. .e way to facilitate transformation with policies has become a
topic of common concern of academia and policymakers..is paper builds a multiagent model and studies the impacts of supply-
side policies, demand-side policies, and environmental policies on enterprises’ transformation willingness, digital level, and
income level as well as the proportion of enterprises that carry out transformation in the whole innovation ecosystem and
innovation network structure by numerical experiments. According to research findings, supply-side policies play the biggest role
in the facilitation of transformation, demand-side policies are second important to them, and environmental policies have
comparatively weak impacts.

1. Introduction

.e rapid development of digital technologies has reshaped
human society and given rise to the trend of digital trans-
formation. In the field of business, digital technologies have
not only generated profound impacts on contents, ap-
proaches, and organizational forms of innovation activities
but also attracted extensive attention from academia and
industry. Existing researches commonly believed that the
application of digital technologies benefited the optimiza-
tion of enterprises’ innovation process and improved en-
terprises’ innovative performance [1–3]. Accompanied with
the emergence of open innovation in recent years, scholars
also discussed the impacts of enterprises’ IT investments on
availability of external resources and performance of open
innovations [4–6] and found the nonlinear interactions
between those two. However, existing researches were still
mainly based on the digital transformation of individual
enterprises and rarely discussed the digital transformation of
innovation systems as a whole.

Meanwhile, researches on innovation ecosystem trans-
formation failures also received attention from academia in
recent years [7], particularly the way to avoid transformation

failure through effective policy means [8]. However, among
such researches, the transformation of innovation ecosystem
was neither placed under more scenario-based discussions
nor specific to digital transformation.

Based on the abovementioned information, the re-
search topic of this paper is whether and how could policies
facilitate the digital transformation of the innovation
ecosystem? .is paper uses the concept of innovation
ecosystem to depict interactions and influence relations
among enterprises’ innovation activities [9] and uses the
digital transformation to reflect innovation ecosystem’s
agents’ adoption of information technology as well as
changes in innovation activities incurred thereby [10].
Considering the innovation ecosystem is a typical complex
system [11] and digital transformation is a “bottom-up”
evolution process, an agent-based model is an appropriate
approach to study such complicated issues [12]. To be
specific, this paper builds a multiagent model for the digital
transformation of innovation ecosystem, introduces sup-
ply-side, demand-side, and environmental policies, and
identifies the impacts of different types of policies on the
digital transformation of innovation ecosystem through
computational experiments.
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2. Theoretical Background

2.1. Digital Transformation of Innovation Ecosystem.
According to the latest research by Granstrand and Hol-
gersson [13], this paper defines the innovation ecosystem as
“evolving set of actors, activities, artifacts, institutions, and
relations, including complementary and substitute relations
that are important for the innovative performance of an
actor or a population of actors.” In essence, the innovation
ecosystem is an organization system of integration and
coordination of innovation resources. Furthermore,
knowledge resources spillover, diffusion and transfer among
different innovation agents [14, 15], and the corresponding
absorptive capacity have important influence on innovation
performance [16]. .e innovation ecosystem can be divided
into different levels such as enterprise, region, and industry,
which play a positive role in innovation performance and
sustainable development [17]. From the perspective of
complex system, different levels of innovation ecosystem
showed “bottom-top” and “micro-macro” ecological ag-
glomeration relations [18].

.e digital transformation of innovation ecosystem takes
the digital transformation of enterprises and other inno-
vation agents as microfoundation first. To enterprises, digital
transformation refers to major changes in strategy, orga-
nizational structure, product operation, business model, and
other aspects brought by digital technologies, which are
characterized by their integration, span, and strong envi-
ronmental dependency [19]. Meanwhile, the system attri-
bute of innovation ecosystem means digital transformation
changes in whole system structure, function, and operating
mechanism arising out of correlated microtransformation
activities instead of the simple accumulation of digital
transformation activities of individual enterprises. To be
specific, such changes are reflected in the two aspects of
innovation activities and innovation organization mode in a
centralized manner.

On the one hand, digital innovation has become a
dominant innovation activity. Digital innovation refers to
the production of new products or services, development of
new processes, or creation of new business models through
digital technologies, which are featured by significant
characteristics of ambiguous boundaries, flexible and
changeable innovation agents, as well as intertwined in-
novation process and innovation results [20]. Digital in-
novation can be also taken as a “new combination” of digital
technologies with enterprises’ existing products, processes,
and business models [21], and this is exactly the connotation
and inevitable path of digital transformation [22].

On the other hand, innovation organization mode has
shown characteristics of online and offline integration.
Online initiatives are dominated by an allocation of infor-
mation, coded knowledge, data, and other resources, while
offline initiatives are dominated by tacit knowledge ex-
change, production, and transportation of physical resources
and products as well as other activities. .is is not only the
result of changes in communication methods and im-
provement of efficiency brought by digital technologies but
also the result of increasing distribution and

democratization of innovation agents [23, 24]. Online and
offline integration is mainly reflected by the increasingly
prominent role of digital platforms in the innovation eco-
system. From the perspective of technology, digital platform
refers to extensible codebase that can embed third-party
modules. From the perspective of the sociotechnical system,
digital platform refers to the set of technical elements, or-
ganizational processes, and standards [22]. .e digital
platform has provided a space for online and offline in-
teractions of innovation agents, and restructuring of in-
novation organization mode by the digital platform has
become a significant characteristic of the digital transfor-
mation of an industry’s innovation ecosystem.

2.2. Impacts of Policies on Digital Transformation of Inno-
vation Ecosystem. .e digital transformation of innovation
ecosystem has high complexity and uncertainty, which led to
transformation failures. To cope with complexity and un-
certainty in transformation, policymakers would actively
develop and implement a series of policy tools to facilitate
transformation. Based on research on the classification of
policy tools conducted by Huang and others [25] and
analysis on functions of the innovation ecosystem carried
out by Hekkert et al. [26], this paper divides policy tools to
facilitate transformation into three categories.

.e first category is the supply-side policies. Such pol-
icies mainly drive the transformation through increasing
supply of technology, fund, information, and other key
elements required. Consumption of different resources
constitutes the main source of transformation cost, so the
main function of supply-end policies is the reduction of
transformation cost..e second category is the demand-side
policies. Such policies mainly drive transformation through
increasing market demand for transformation, such as
government purchase services and adjustment of market
entrance criteria. .e demand-side policies can play com-
prehensive roles, and they can affect individuals’ willingness
to transform bymeans of reducing uncertainty and changing
market structure. .e third category is the environmental
policies. Such policies mainly drive transformation through
improving the economic, social, and institutional environ-
ments that are required by transformation. Environmental
factors have indirect and common impacts on transfor-
mation activities, which can create a favorable atmosphere or
“field” for transformation as a whole. Such an atmosphere
can cause isomorphic pressure on individuals and thus fa-
cilitate individuals’ willingness to transform.

.e three aforementioned policies will eventually affect
the digital transformation of innovation ecosystem from
micro- and macro perspectives. From a microperspective,
the first impact is individual enterprises’ willingness to
transform. As mentioned above, in the case of a complex
system, individuals’ transformation activities constitute
microfoundation of the whole system’s transformation, and
individuals’ willingness to transform is the premise of their
implementation of transformation. .e second impact is
enterprises’ digital levels, which reflect changes in the
technical dimension brought by transformation to
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enterprises. .e third impact is enterprises’ economic
benefits, which are both economic results of transformation
and important motivation for enterprises to carry out
transformation. From the perspective of the macrosystem,
the first impact is the proportion of enterprises carrying out
digital transformation in the system, while the second im-
pact is the changes in network structure of the innovation
ecosystem. Characteristics of the digital transformation of
innovation ecosystem are reflected by those two impacts.

3. Model

Different policies will promote the digital transformation of
enterprises from different aspects and increase the level of
digitization of enterprises, and the level of digitization of
enterprises will affect the cooperative innovation between
enterprises, leading to the evolution of the innovation
ecosystem. Based on this idea, this paper builds a multiagent
model for the digital transformation of innovation ecosys-
tem to study whether and how could supply-side, demand-
side, and environmental policies facilitate the digital
transformation of innovation ecosystem. .en, we will ex-
plain our model in this paper from four aspects: agents and
their attributes, the interaction between agents, the en-
dogenous and external environment where the model is
located, and the complete simulation process of the model.

3.1. Agents. .is section introduces the agents involved in
our model. In order to study how can policies facilitate
digital transformation of innovation ecosystem, two types of
agents are designed in the simulation model. One is the
enterprise, which is the main body of the innovation eco-
system, and the other is IT application, which embodies the
existing digital technology in the innovation ecosystem.

An enterprise may choose whether it is going to carry out
digital transformation based on the existing policies and the
enterprise’s revenue, choose whether to conduct cooperative
innovation based on the digital level in the innovation
ecosystem, and then acquire a certain market share based on
existing conditions. Its attributes include the enterprise’s
market share, net income, digital level, and cooperative
relations with other enterprises. An enterprise’s market
share of the present period determines its current net in-
come, the connection between an enterprise and IT appli-
cation determines the enterprise’s digital level, and the
connection between enterprises represents their cooperative
innovation.

IT application represents digital technology, it is a 10-
dimensional vector, and the value of each element of the
vector is 0 or 1, which indicates the state of the digital
technology on that attribute. For instance, if vector of a
certain digital technology is 1 0 0 1 0 1 0 0 0 1 ,
then the value of 1 for the first dimension means the state of
the digital technology on the first attribute is “1.”

3.2. Interactions. .is section introduces the interaction
between agents in our model. Interactions in the simulation
models can be divided into two types, which include

interactions between enterprise and IT application and in-
teractions between enterprises.

Interactions between enterprise and IT application in-
clude an enterprise’s upgrading of existing IT application as
well as an enterprise’s building of new IT application. An
enterprise is connected with a certain IT application, which
means the enterprise possesses such digital technology. .e
number of IT applications connected with an enterprise
represents the enterprise’s digital level.

Interactions between enterprises refer to cooperative
innovations between enterprises, and an edge will be added
to connect two enterprises if they have cooperative inno-
vation, which will eventually form a network of cooperative
innovations.

3.3. Environment. .is section introduces the endogenous
and external environments of the simulation model in this
paper. Environment in simulation system includes the en-
dogenous environment of enterprises and the external en-
vironment of the whole innovation ecosystem. .e
endogenous environment of enterprises mainly refers to
different rules that affect an enterprise’s decision-making
process, while the external environment refers to external
digital demands. .at is, with the development of infor-
mation technology, consumers will put forward new tech-
nical demands for products every once in a while. .is
external market environment prompts enterprises to up-
grade digitally to obtain the digital technology, and the
enterprises that have acquired this kind of digital technology
can apply it to innovation activities to gain an advantage in
the competition. In this paper, we assume such external
digital demand is also a 10-dimensional vector, and the value
of each element of the vector is 0 or 1.

3.4. Process. In this section, we introduce the complete
simulation process of the multiagent model in this paper.
.e model includes five stages: initialization stage, digital
demand release stage, enterprise digital transformation
stage, cooperative innovation stage, and market share re-
distribution stage. It simulates the processes of the creation
of a new digital demand from the external environment, to
the enterprises trying digital transformation to realize this
new digital demand, launches cooperative innovation ac-
tivities to form an innovation network, and finally rewrites
the allocation of market share based on successful inno-
vation activities:

(1) Initialization. Assume the market size of the whole
network is MS, and there areM enterprises and N IT
applications in the network. .e N IT applications
are connected with M enterprises randomly. Con-
sidering that the real market environment usually
shows a long tail distribution, this article assumes
that, among the M enterprises, few of them have
relatively large market share, and most of them have
comparatively small market share.

(2) .e external environment releases a digital demand
at a certain interval.
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(3) Stage of digital transformation. To meet digital de-
mands of the external environment, enterprise will
consider carrying out digital transformation. En-
terprise’s willingness to carry out digital transfor-
mation P is affected by expected cost, expected net
income, and policies. Among them, the expected cost
is the decisive condition that affects whether an
enterprise will choose digital transformation. It is
affected by technology gaps and unit costs of
transformation. Expected net income is an impor-
tant factor in promoting enterprises to choose digital
transformation, and it is affected by the average net
income of related companies. .e three kinds of
policies affect the enterprise’s willingness to digital
transformation in different ways. Supply-side poli-
cies affect the willingness of enterprises to transform
by affecting the unit cost of digital transformation,
demand-side policies trigger the willingness of en-
terprises to transform by increasing market demand,
and environmental policies encourage enterprises to
carry out digital transformation through the pressure
of cooperative enterprises. .e following article
discusses it in detail:

Expected cost. Enterprise decides whether it should
consider digital transformation based on expected
digital transformation cost, and the enterprise will
abandon digital transformation if expected cost is
greater than the enterprise’s present capital, and
transformation willingness P� 0.
.e expected cost of digital transformation is re-
lated to the effort required by the enterprise for the
transformation. Since this article uses a ten-di-
mensional vector to represent the IT application
and the digital requirements of the enterprise itself,
each dimension of the vector represents the ca-
pabilities required to realize the digital technology;
thus, expected digital transformation cost can be
estimated by the similarity between vectors of the
enterprise’s own ITapplication and digital demand.
Compare the minimum number of mismatches
between digital demand vector and the enterprise’s
IT application vector, that is, the number of ele-
ments that are 1 in the digital demand vector but
are 0 in the existing IT application; the enterprise
will upgrade existing IT application with an ex-
pected cost of Cu∗ k if the minimum number of
mismatches k is not greater than Tk, and the en-
terprise will build new IT application with the
expect cost of Cb∗ k if the minimum number of
mismatches k is greater than Tk, among which Cu is
the unit cost for the upgrading of existing IT ap-
plication and Cb is the unit cost for the building of a
new IT application. For instance, if Tk � 3, an en-
terprise possesses a certain digital technology
0 0 0 1 0 0 0 0 1 0 ; digital demand re-

leased by the market at present is
0 0 0 1 1 0 0 0 1 0 , then number of mis-

matches between existing digital technology and

digital demand is 1, which is less than the threshold
Tk. Hence, the expected cost of the enterprise’s
digital transformation is Cu×1.
Expected net income. Enterprise decides whether it
should carry out digital transformation based on
expected net income of digital transformation, the
enterprise will abandon digital transformation if
expected net income is less than the enterprise’s
transformation cost, and transformation willing-
ness P� 0.
An enterprise’s expected income is estimated by the
average net income of enterprises one level higher
than it in the digital level at the current stage. If
there is no prior knowledge, the enterprise will
consider digital transformation as long as expected
digital transformation cost is less than present
capital.
Effects of policies. Enterprise’s willingness to carry
out digital transformation P is the result of the three
parts of supply-side policies, demand-side policies,
and environmental policies.
.e main function of supply-side policies is a re-
duction of transformation cost, so changes in
supply-side policies can be reflected by adjusting
unit cost Cu and Cb. Enterprise will only consider
digital transformation when the transformation
cost is less than the enterprise’s present capital.
.e main function of demand-side policies is the
facilitation of transformation through an increase
inmarket demand, so the paper uses p1 to represent
the enterprise’s willingness to transform due to
market demand and by adjusting p1 to achieve the
role of controlling demand policies.
.e function of environmental policies is the fa-
cilitation of individuals’ willingness to transform
through isomorphic pressure; that is, if the digital
level of a company’s cooperative enterprise is
higher, the stronger the willingness of the company
to digitally transform in order to narrow the gap
between itself and the cooperative enterprise. So,
this paper obtains isomorphic pressure based on
digital levels of cooperative enterprises of the en-
terprise. To be specific, if enterprise a has k co-
operative enterprises, in which digital levels are
D1, D2, . . . , Dk, respectively, and then neighbors’
isomorphic pressure on enterprise a is represented
as

p2 �

max
i

Di − Da( 

Da

. (1)

.e impact of neighbors’ isomorphic pressure on
the enterprise is represented as p2 × pr. Among
which, pr refers the coefficient of neighbors’ iso-
morphic pressure; i.e., coefficient of environmental
policies’ influences on the enterprise’s willingness
to transformation. By adjusting p2, we can adjust
the impact of environmental policies on the en-
terprise’s willingness to transform.
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To sum up, enterprise’s digital transformation
willingness can be represented as

P �
0, if the expected digital transformation cost < present capital,

p1 + p2 × pr, otherwise.
 (2)

Upon acquirement of each enterprise’s digital
transformation willingness P, the enterprise will
choose to carry out digital transformation or not
based on probability P.An additional ITapplication
will be added to the network if all enterprises
choose to carry out digital transformation succeed
at it, in which eigenvector is a digital demand re-
leased by the environment. An edge will be added to
the enterprise succeed at transformation and new
IT application. .e actual cost of an enterprise’s
digital transformation is a random number within
10% fluctuation of its expected cost.

(4) Stage of cooperative innovation. Upon the ending
stage of digital transformation, enterprises start to
think about whether they should carry out coop-
erative innovation, and each enterprise has three
choices of no innovation, independent innovation,
and cooperative innovation. Assume an enterprise
knows selection made by all enterprises in the
innovation ecosystem in the last round and their
corresponding net income, then the enterprise
may help its judgment on the selection of inno-
vation mode based on other enterprises’ experi-
ences. If an enterprise chooses to cooperate
innovation, the achievement of a cooperative re-
lationship is determined by the enterprise’s cur-
rent innovation strategy, the digital level of the two
enterprises, and whether the two enterprises have a
cooperative relationship. Both independent in-
novation and cooperative innovation have an in-
novation success rate. .e following article
discusses it in detail:

Selection of innovation mode. Target on each en-
terprise divides enterprises of similar scale in the
previous period into three types of no innovation,
independent innovation, and cooperative innova-
tion, calculates the average unit net income of those
three types of enterprises, respectively, and divides
the values by the sum of average unit net income of
those three types of enterprises, which give you
probabilities for the enterprise to choose those
three innovation modes. Enterprise chooses the
innovation strategy of the present period based on
such probabilities. If the enterprise chooses no
innovation, then no operation is required. If the
enterprise chooses independent innovation, then
the enterprise will succeed at innovation with a
certain probability.

Selection of partner. If a certain enterprise intends
to conduct cooperative innovation, then the en-
terprise will randomly send requests for coopera-
tive innovation to an enterprise with a digital level
no lower than it, and it is more likely for it to choose
an enterprise worked with it before.
.e invitee may accept or reject an invitation for
cooperation, and factors affecting acceptance or
rejection of cooperative innovation are as follows:
(1) the enterprise’s innovation strategy of the
present period: if the invitee also chooses cooper-
ative innovation, then the enterprise will consider
invitation for such cooperative innovation; (2)
digital levels of the two parties of cooperation: the
more similar the digital levels of the two enterprises
are, the more likely for them to encounter the same
problem and thus have cooperative innovation; (3)
existence of previous cooperative relations between
the two parties: if the two parties had cooperation
before, then regardless of invitee’s current con-
sideration of cooperative innovation and the digital
levels of the two enterprises, the invitee will agree to
carry out cooperative innovation.
If the invitee agrees to carry out cooperative in-
novation, then the two parties of cooperation start
to carry out cooperation.
Success rate of innovation. Both independent inno-
vation and cooperative innovation have success rate
of innovation. Success rate of cooperative innovation
Rc is proportional to digital levels of the two parties of
cooperation, to make sure success rate of cooperative
innovation is a value between 0 and 1, and this paper
assumes Rc � ((β((DA + DB)/2) + α1)/(β((DA+

DB)/2) + α1 + 1)), in which DA andDB refer to
digital levels of the two parties of cooperation, re-
spectively. Success rate of independent innovation RS

is proportional to the enterprise’s own digital level
and RS � (βDA + α 2)/(βDA + α2 + 1), in which
α1 and α2 control minimum value of success rate of
transformation, while β controls growth rate of
success rate of transformation. Previous researches
have shown that success rate of independent inno-
vation is normally greater than success rate of co-
operative innovation, so α1 < α2. An edge with weight
of 1 will be added to two enterprises if they succeed at
cooperative innovation.

(5) Redistribution of market share. .e market redis-
tributes market share based on the market share of
previous period and successful innovation activities
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of the present period. Enterprises that innovate
successfully will gain more market share in the next
round of competition. .erefore, this article designs
the method of calculation of new market share as
follows: assume 10% of whole market share is oc-
cupied by enterprises succeed at innovation, and the
remaining 90% is occupied by all enterprises in the
market based on the market share of the last round.
Among enterprises succeed at innovation, the av-
erage increase in market share brought by cooper-
ative innovation is higher than that brought by
independent innovation, and enterprises choose
cooperative innovation will distribute an increase in
market share by business scale. To be specific, the
base of an increase in market share of an enterprise
chooses independent innovation is 1 × r1, base of
total increase in market share of two enterprises
choose cooperative innovation is 2 × r2, and the two
parties of cooperation will further distribute the base
of increase in market share of 2 × r2 by business
scale, in which r1 is a random number between [0.9,
1.1] and r2 is a random number between [1.0, 1.2].
For example, if there are 4 enterprises and the total
market share is 100, the market shares of each en-
terprise in the previous period are 10, 20, 30, and 40.
In the current period, enterprise 1 chose not to
innovate, enterprises 2 and 4 chose cooperative in-
novation and succeeded, and enterprise 3 chose
independent innovation and succeeded. .e new
market share allocation method is as follows:
10% of the total market share (10) is divided among
companies 2, 3, and 4. Enterprises 2 and 4 choose
cooperate innovation and thus randomly select a
value of r2 from [1.0, 1.2]; assume the value is 1.1,
then the sum of the market share gain base of these
two enterprises is 2×1.1� 2.2, and because the ratio
of the scale of enterprises 2 and 4 is 1 : 2, the market
share gain base of enterprise 2 is 2.2 ∗ (1/3)� 0.73 and
the market share gain base of enterprise 4 is 2.2 ∗ (2/
3)� 1.47. Enterprise 3 chooses independent inno-
vation and succeeded; thus, we take a random
number from [0.9, 1.1]; assume it is 1, then the
market share gain base of enterprise 2 is 1..erefore,
companies 2, 3, and 4 will share 10% of the market
share at a ratio of 0.73 :1 :1.47, and the remaining
90% of the market share will be shared by 4 com-
panies at a ratio of 1 : 2 : 3 : 4. .e final new market
shares of the four companies are as follows: 9, 20.3,
30.1, and 40.6.
Enterprise’s net income is proportional to its market
share; if the net income of each unit market share is
UNI, then the enterprise’s net income� the enter-
prise’s market share ×UNI.

3.5. Parameters and 2eir Initialization. Table 1 lists sum-
marized parameters involved in the model and their values
in this paper.

.e four parameters of Cu, Cb, p1, and pr control the
effects of supply-side policies, demand-side policies, and
environmental policies, respectively. In experiments of this
paper, we will make other parameters unchanged and adjust
aforesaid four parameters to study impacts of different
policies on enterprises’ digital transformation and evolution
of innovation ecosystem.

4. Numerical Experiments

Supply-side policies, demand-side policies, and environ-
mental policies can all affect enterprises’ digital transfor-
mation and thus affect structure of innovation ecosystem.
.is paper conducts contrast experiments from perspectives
of transformation willingness, transformation proportion,
digital level, and net income of enterprises in innovation
ecosystem as well as network structure of innovation
ecosystem.

4.1. Impacts of Supply-Side Policies on Transformation.
Impacts of supply-side policies on digital transformation are
mainly reflected by transformation cost. Digital transfor-
mation cost is controlled by parameters of Cu and Cb,
among which Cu is the unit cost required for enterprise to
upgrade existing IT application and Cb is the unit cost re-
quired for enterprise to create new IT application. To study
impacts of supply-side policies on ecosystem, this section
fixes parameters of p1� 0.5, pr� 0.5, and R� 60 first, as-
sumes (a) Cu� 2, Cb� 4, (b) Cu� 1.5, Cb� 3, (c) Cu� 1,
Cb� 2, and (d) Cu� 0.5, Cb� 1 respectively, and conducts
four groups of multiagent simulations. Related experiment
results are as follows.

4.1.1. Enterprises’ Transformation Willingness. Figure 1
shows distribution of enterprises’ willingness to carry
out digital transformation at different values of unit
transformation cost, the x-axis shows enterprises’ will-
ingness to carry out digital transformation, and the y-axis
shows number of enterprises willing to transform. If an
enterprise’s willingness to carry out digital transformation
is 0, it means the enterprise does not want to carry out
digital transformation due to limited fund, insufficient
expected income from digital transformation, and other
reasons.

It can be seen from the figure that when digital trans-
formation cost is relatively high, most enterprises will be
unable to carry out digital transformation due to limited
fund and other factors (when Cu� 2 and Cb� 4, around 950
enterprises have transformation willingness of 0 in the
present period), and only few enterprises are willing to carry
out digital transformation. Accompanied with reduction in
digital transformation cost, an increasing number of en-
terprises show relatively strong willingness to carry out
digital transformation (when Cu� 0.5 and Cb� 1, only
around 75 enterprises have transformation willingness of 0
in the present period).
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4.1.2. Enterprises’ Transformation Proportion. Figure 2
shows proportions of enterprises carry out digital transfor-
mation under different transformation costs, in which the x-
axis shows number of periods of digital transformation and
the y-axis shows proportion of enterprises carry out digital
transformation in the R period in innovation ecosystem.

It can be seen from the figure that the number of en-
terprises carrying out digital transformation in innovation
ecosystem constantly increases with time. However, the

higher the transformation cost, the slower the proportion
grows. When digital transformation cost is comparatively
high (Figure 2(a)), only around 65% of enterprises even-
tually possess digital technology. Accompanied with con-
tinuous reduction in digital transformation cost, the number
of enterprises succeed at digital transformation continuously
increases, and all enterprises in innovation ecosystem will
accomplish digital transformation if transformation cost is
low enough (Figure 2(d)).
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Figure 1: Enterprises’ willingness to transformation at different values of unit transformation cost: (a) Cu� 2, Cb� 4; (b) Cu� 1.5, Cb� 3;
(c) Cu� 1, Cb� 2; (d) Cu� 0.5, Cb� 1.

Table 1: Parameters involved in the model and their values.

Symbol Parameter description Value
M Enterprises number 1000
N Initial IT application number 10
R Total number of iterations 60
MS Market size of whole network 10000
p1 Demand-side policies’ influence on the enterprise’s willingness to transformation 0.3, 0.5, 0.7
pr Coefficient of environmental policies’ influence on the enterprise’s willingness to transformation 0.3, 0.5, 0.7
Tk .reshold of the minimum number of mismatches 3
Cu Unit cost for upgrading of existing IT application 0.5, 1, 1.5, 2
Cb Unit cost for building of new IT application 1, 2, 3, 4
UNI Net income of each unit market share 1
α1 Parameter of the success rate of cooperative innovation 0.5
α2 Parameter of the success rate of independent innovation 1
β Parameter controlling the growth rate of success rate of transformation 0.1
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4.1.3. Enterprises’ Digital Levels. Figure 3 shows the digital
levels distribution of enterprises succeed at digital trans-
formation under different transformation costs when R� 60,
x-axis shows digital levels, and y-axis shows number of
enterprises with such digital level.

It can be seen from the figure that when the transfor-
mation cost is relatively high, distribution of enterprises’
digital levels is similar to a long-tailed distribution, most
enterprises have very low digital level, and few enterprises
have relatively a high digital level. Accompanied with
constant reduction of transformation cost, distribution of
enterprises’ digital levels gradually leans toward inverted
U-shaped distribution, most enterprises have intermediate
digital level, and few enterprises have very high or low digital
level. Besides, accompanied with continuous reduction of
transformation cost, the peak value of the inverted U-shaped
distribution gradually moves to the right. In other words,
reduction of digital transformation cost can give the whole
innovation ecosystem a higher digital level.

4.1.4. Enterprises’ Net Income. .is section discusses rela-
tions between enterprises’ net income and their digital levels
under different transformation costs when R� 60. .e re-
sults are as indicated in Figure 4, in which x-axis shows
digital levels of enterprises and y-axis shows net income of

enterprises with such digital level. Each circle in the figure
represents an enterprise; the more dense the circles in an
area, the more the enterprises with such digital level and net
income.

It can be seen from Figure 4 that, regardless of changes in
digital transformation cost, enterprises with high digital
levels tend to have a greater net income. However, when
digital transformation cost is relatively high, enterprises will
be more centralized at a lower left corner. In other words,
most enterprises have low digital levels and net income, and
there is a huge gap between enterprises with high net income
and enterprises with low net income, which can easily result
in monopoly. When enterprises’ digital transformation cost
is gradually reduced, most enterprises are gradually cen-
tralized in the middle, and the gap between net income of
enterprises gradually decreases. It means when digital
transformation cost is reduced, more enterprises will be able
to carry out cooperative innovation through digital trans-
formation and thus occupy market share. .e ecosystem
boasts of comparatively intense competition, and so-called
“leading enterprise” has less obvious advantage.

4.1.5. Network Structure. Figure 5 shows the visual graph of
cooperative innovation structure under four types of digital
transformation costs when other parameters remain
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Figure 2: Proportions of enterprises carry out digital transformation under different transformation costs: (a) Cu� 2, Cb� 4; (b) Cu� 1.5,
Cb� 3; (c) Cu� 1, Cb� 2; (d) Cu� 0.5, Cb� 1.
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unchanged and R� 60. Table 2 shows partial indicators of
cooperative innovation network, in which islands number
(NI) indicates the number of enterprises not participating in
cooperative innovation. Average number of cooperative
enterprises (ACE) indicates the average number of enter-
prises has cooperative innovation with each enterprise
during evolution of whole innovation ecosystem. .e av-
erage number of cooperation (AC) indicates many successful
cooperative innovations each company has carried out on
average. If the average number of cooperation is greater than
average number of cooperative enterprises, it means some
enterprises have multiple collaborations.

It can be seen from aforesaid figure that cooperative
innovation network in innovation ecosystem has an obvious
core-periphery structure. In other words, only few enter-
prises in the network can have cooperative relations with
numerous enterprises, and those enterprises connect with
each other and form the “core” of the network. Most en-
terprises only have cooperative relations with one or two
enterprises, and the sparse connections between those en-
terprises form the “periphery” of the network. .is paper
uses K-core [27] to gradually remove nodes and edges on the
edge of network and acquires a subnetwork located at the
core of network. Table 2 shows corresponding average
number of cooperative enterprises (ACE_S) and average

number of cooperation (AC_S) of each enterprise in those
subnetworks. When digital level gradually decreases, average
number of cooperative enterprises of core enterprises
gradually increases at low speed, average number of coop-
eration between core enterprises rises significantly, and core
parts of the network are connected more closely. .e po-
tential cause of this phenomena is accompanied with re-
duction in digital transformation cost, more enterprises have
the chance to carry out digital transformation, digital levels
of different enterprises in the network become more
decentralized, and available cooperative partners of each
enterprise intend to carry out cooperative innovation be-
come more centralized, which makes it easier to form long-
term stable cooperative relations. It is reflected by constantly
strengthening cooperation between core enterprises from
the perspective of network structure.

4.2. Impacts of Demand-Side Policies on Innovation
Ecosystem. In the model of this paper, demand-side policies
are controlled by parameter p1; the greater the p1, the more
powerful the demand-side policies. To study impacts of de-
mand-side policies on innovation ecosystem, this section fixes
parameters of pr� 0.5 and R� 60 based on experiment results
of previous section, assumes (a) p1� 0.3, Cu� 1, Cb� 2; (b)
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Figure 3: Digital level distribution of enterprises under different transformation costs: (a) Cu� 2, Cb� 4; (b) Cu� 1.5, Cb� 3; (c) Cu� 1,
Cb� 2; (d) Cu� 0.5, Cb� 1.
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p1� 0.5, Cu� 1, Cb� 2; (c) p1� 0.7, Cu� 1, Cb� 2; (d) p1� 0.3,
Cu� 2, Cb� 4; (e) p1� 0.5, Cu� 2, Cb� 4; and (f) p1� 0.7,
Cu� 2, Cb� 4, respectively, and conducts six groups of mul-
tiagent simulations for validation of effects of demand-side
policies under two conditions of relatively low transformation
cost and relatively high transformation cost. Related experiment
results are as follows.

4.2.1. Enterprises’ Transformation Willingness. Figure 6
shows distribution of enterprises’ transformation willing-
ness under different demand-side policies when R� 60. .e
first row shows the situation when digital transformation
cost is relatively low, and the second row shows the situation
when digital transformation cost is relatively high. It can be
seen from the figure that, at the same digital transformation
cost, there is a small difference in number of enterprises
willing to carry out digital transformation under different
demand-side policies, but only feel enterprises have strong
transformation willingness when p1 is relatively small.
Accompanied with a gradual increase in p1, those willing to
carry out digital transformation will all have strong trans-
formation willingness.

Increase in digital transformation cost will lead to
dramatic decrease in number of enterprises willing to carry

out digital transformation, but changes in transformation
cost will not change distribution of strengths of transfor-
mation willingness.

4.2.2. Enterprises’ Transformation Proportion. Figure 7
show proportions of enterprises carry out digital trans-
formation under demand policies of different strengths
when R � 60. .e first row shows the situation when digital
transformation cost is relatively low, and the second row
shows the situation when digital transformation cost is
relatively high. Regardless of changes in transformation
cost, accompanied with strengthening of demand-side
policies, enterprises choosing to carry out digital trans-
formation continuously increase. However, when trans-
formation cost is relatively low (the first row), since most
enterprises can try digital transformation, the guiding role
of demand-side policies is mainly reflected by acceleration
of different enterprises’ digital transformation, which al-
lows enterprises in the whole ecosystem to realize digita-
lization ASAP. When transformation cost is relatively high,
strengthening of demand-side policies can significantly
increase proportion of enterprises carrying out digital
transformation in the ecosystem (from under 60% in
Figure 7(d) to around 90% in Figure 7(f )).
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Figure 4: Enterprises’ net income under different transformation costs: (a) Cu� 2, Cb� 4; (b) Cu� 1.5, Cb� 3; (c) Cu� 1, Cb� 2; (d)
Cu� 0.5, Cb� 1.

10 Complexity



4.2.3. Enterprises’ Digital Levels. Figure 8 shows distribution
of digital levels of enterprises succeed at digital transformation
under demand-side policies of different strengths when R� 60.
.e first row shows the situation when digital transformation
cost is relatively low, and the second row shows the situation
when digital transformation cost is relatively high.

It can be seen from the figure that, regardless of changes
in transformation cost, strengthening of demand-side pol-
icies will lead to gradual rise in average digital level and
maximum digital level of enterprises in ecosystem. When
p1� 0.3, 0.5, and 0.7, maximum digital levels of enterprises
are around 30, 40, and 50, respectively. However, increase in

(a) (b)

(c) (d)

Figure 5: Network structures under different transformation costs: (a) Cu� 2, Cb� 4; (b) Cu� 1.5, Cb� 3; (c) Cu� 1, Cb� 2; (d) Cu� 0.5,
Cb� 1.

Table 2: .e partial indicators of cooperative innovation network under different transformation costs.

Costs NI ACE ACE_S AC AC_S
Cu� 2, Cb� 4 48 3.567 4.034 4.569 5.826
Cu� 1.5, Cb� 3 67 3.479 4.49 4.797 7.565
Cu� 1, Cb� 2 103 3.518 4.716 5.064 8.189
Cu� 0.5, Cb� 1 95 4.393 5.702 5.943 10.298
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transformation cost will make most enterprises stay at
relatively low digital levels and thus make average digital
level of enterprise lower than that at low transformation cost,
but maximum digital levels of enterprises remain unaffected.

4.2.4. Enterprises’ Net Income. Figure 9 shows relations
between digital level and net income of enterprises under
demand-side policies of different strengths when R� 60, in
which the first row shows the situation when digital
transformation cost is relatively low and the second row
shows the situation when digital transformation cost is
relatively high.

It can be seen from Figure 9 that enterprises with high
digital levels all tend to possess greater net income, and it is a
ubiquitous characteristic. Besides, changes in strengths of
demand-side policies mainly change distribution of digital
levels on x-axis, while net income of enterprises on y-axis do
not change obviously with changes in strengths of demand-
side policies. .e potential cause is strengthening of de-
mand-side policies can gradually increase overall digital level
of innovation ecosystem, but the market size is limited. So,
when all enterprises possess certain digital level, the dividend
from digital level will gradually decrease.

4.2.5. Network Structure. Table 3 shows partial indicators of
cooperative innovation network under demand-side policies

of different strengths when R� 60. .e lower the digital
transformation cost, the stronger the demand-side policies,
the greater the digital transformation willingness of enter-
prises, the higher the eventual digital level of innovation
ecosystem, and themore obvious the core-periphery structure
in the network. When digital transformation cost is relatively
high, only few enterprises can carry out digital transforma-
tion, and most enterprises’ digital levels are at a relatively low
level. Although the network does have core-periphery
structure, enterprises’ willingness to carry out digital trans-
formation has small impact on network structure.

4.3. Impacts of Environmental Policies on Innovation
Ecosystem. .is section studies impacts of environmental
policies on enterprises’ digital transformation, enterprises’
net income distribution, and network structure of innova-
tion ecosystem. Environmental policies are controlled by
parameter pr in the model of this paper; the greater the pr,
the greater the impact of other enterprises’ isomorphic
pressure on an enterprise’s digital transformation. Similar to
Section 4.2, this section fixes parameters of p1� 0.5 and
R� 60, assumes (a) pr� 0.3, Cu� 1, Cb� 2, (b) pr� 0.5,
Cu� 1, Cb� 2, (c) pr� 0.7, Cu� 1, Cb� 2, (d) pr� 0.3,
Cu� 2, Cb� 4, (e) pr� 0.5, Cu� 2, Cb� 4, and (f) pr� 0.7,
Cu� 2, Cb� 4, respectively, and conducts six groups of
multiagent simulations for validation of effects of
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Figure 6: Enterprises’ transformation willingness under different demand-side policies: (a) p1� 0.3, Cu� 1, Cb� 2; (b) p1� 0.5, Cu� 1,
Cb� 2; (c) p1� 0.7, Cu� 1, Cb� 2; (d) p1� 0.3, Cu� 2, Cb� 4; (e) p1� 0.5, Cu� 2, Cb� 4; (f ) p1� 0.7, Cu� 2, Cb� 4.
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Figure 7: .e proportions of enterprises carry out digital transformation under different demand-side policies: (a) p1� 0.3, Cu� 1, Cb� 2;
(b) p1� 0.5, Cu� 1, Cb� 2; (c) p1� 0.7, Cu� 1, Cb� 2; (d) p1� 0.3, Cu� 2, Cb� 4; (e) p1� 0.5, Cu� 2, Cb� 4; (f ) p1� 0.7, Cu� 2, Cb� 4.
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Figure 8: .e digital levels of enterprises under different demand-side policies: (a) p1� 0.3, Cu� 1, Cb� 2; (b) p1� 0.5, Cu� 1, Cb� 2; (c)
p1� 0.7, Cu� 1, Cb� 2; (d) p1� 0.3, Cu� 2, Cb� 4; (e) p1� 0.5, Cu� 2, Cb� 4; (f ) p1� 0.7, Cu� 2, Cb� 4.
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environmental policies under two conditions of relatively
low transformation cost and relatively high transformation
cost. Related experiment results are as follows.

4.3.1. Enterprises’ Transformation Willingness. Figure 10
shows distribution of enterprises’ transformation willing-
ness under different environmental policies when R� 60.
.e first row shows the situation when digital transfor-
mation cost is relatively low, and the second row shows the
situation when digital transformation cost is relatively high.

It can be seen from the figure that, at the same digital
transformation cost, there is a small difference in number
of enterprises willing to carry out digital transformation
under different environmental policies, but the number of

enterprises with high transformation willingness contin-
uously increases accompanied with a gradual increase in
p1. .is impact is similar to that of demand-side policies,
but what different from demand-side policies is: under low
level of demand-side policies, the minimum transforma-
tion willingness of enterprises willing to transform is also at
a low level. Under high level of demand-side policies, the
minimum transformation willingness of enterprises willing
to transform is also at a high level, as indicated in Figure 6.
However, regardless of level of environmental policies, the
minimum transformation willingness of enterprises willing
to transform is similar around 0.55, as indicated in Fig-
ure 10, and strengthening of environmental policies only
makes enterprises’ transformation willingness distributed
more evenly. From the perspective of innovation
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Figure 9: Enterprises’ net income under different demand-side policies: (a) p1� 0.3, Cu� 1, Cb� 2; (b) p1� 0.5, Cu� 1, Cb� 2; (c) p1� 0.7,
Cu� 1, Cb� 2; (d) p1� 0.3, Cu� 2, Cb� 4; (e) p1� 0.5, Cu� 2, Cb� 4; (f ) p1� 0.7, Cu� 2, Cb� 4.

Table 3: .e partial indicators of cooperative innovation network under different demand-side policies.

Costs NI ACE ACE_S AC AC_S
p1� 0.3, pr� 0.5, Cu� 1, Cb� 2 94 4.011 4.908 5.341 7.071
p1� 0.5, pr� 0.5, Cu� 1, Cb� 2 103 3.518 4.716 5.064 8.189
p1� 0.7, pr� 0.5, Cu� 1, Cb� 2 111 3.386 4.743 5.093 15.829
p1� 0.3, pr� 0.5, Cu� 2, Cb� 4 36 4.002 4.578 4.916 6.016
p1� 0.5, pr� 0.5, Cu� 2, Cb� 4 48 3.567 4.034 4.569 5.826
p1� 0.7, pr� 0.5, Cu� 2, Cb� 4 59 3.581 4.213 4.784 6.308

14 Complexity



ecosystem, it can be taken as demand-side policies’ impacts
on transformation willingness are more immediate and
effective than environmental policies’ impacts on trans-
formation willingness.

4.3.2. Enterprises’ Transformation Proportion. Figure 11
shows proportions of enterprises carry out digital trans-
formation under different environmental policies. .e first
row shows the situation when digital transformation cost is
relatively low, and the second row shows the situation when
digital transformation cost is relatively high.

Regardless of changes in transformation cost, impacts of
environmental policies on proportion of enterprises carry-
ing out digital transformation are not as significant as im-
pacts of demand-side policies.

4.3.3. Enterprises’ Digital Levels. Figure 12 shows distribu-
tion of digital levels of enterprises succeed at digital
transformation under different environmental policies when
R� 60. .e first row shows the situation when digital
transformation cost is relatively low, and the second row
shows the situation when digital transformation cost is
relatively high.

It can be seen from the figure that, regardless of changes
in transformation cost, strengthening of environmental
policies will make average digital level of enterprises in
ecosystem gradually increase, but the effects of environ-
mental policies are less significant in comparison with de-
mand-side policies.

4.3.4. Enterprises’ Net Income. Figure 13 shows relations
between digital level and net income of enterprises under
different environmental policies when R� 60, in which the
first row shows the situation when digital transformation
cost is relatively low and the second row shows the situation
when digital transformation cost is relatively high. As in-
dicated in Figure 13, enterprises with high digital levels tend
to possess a greater net income, which is in consistence with
conclusions of Figures 4 and 9.

4.3.5. Network Structure. Table 4 shows partial indicators of
cooperative innovation network under different environ-
mental policies when R� 60. .e network shows core-pe-
riphery structure under both digital transformation costs,
but environmental policies have insignificant impacts on
network structure.
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Figure 10: Enterprises’ transformation willingness under different environmental policies: (a) pr� 0.3, Cu� 1, Cb� 2; (b) pr� 0.5, Cu� 1,
Cb� 2; (c) pr� 0.7, Cu� 1, Cb� 2; (d) pr� 0.3, Cu� 2, Cb� 4; (e) pr� 0.5, Cu� 2, Cb� 4; (f ) pr� 0.7, Cu� 2, Cb� 4.
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Figure 12:.e digital levels of enterprises under different environmental policies: (a) pr� 0.3, Cu� 1, Cb� 2; (b) pr� 0.5, Cu� 1, Cb� 2; (c)
pr� 0.7, Cu� 1, Cb� 2; (d) pr� 0.3, Cu� 2, Cb� 4; (e) pr� 0.5, Cu� 2, Cb� 4; (f ) pr� 0.7, Cu� 2, Cb� 4.
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Figure 11: .e proportions of enterprises carry out digital transformation under different environmental policies: (a) pr� 0.3, Cu� 1, Cb� 2;
(b) pr� 0.5, Cu� 1, Cb� 2; (c) pr� 0.7, Cu� 1, Cb� 2; (d) pr� 0.3, Cu� 2, Cb� 4; (e) pr� 0.5, Cu� 2, Cb� 4; (f) pr� 0.7, Cu� 2, Cb� 4.
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5. Discussion and Conclusions

5.1.Main Findings. Facilitation of the digital transformation
of innovation ecosystem bymeans of policies is an important
approach to develop the digital economy..is paper builds a
multiagent model to study the effects of supply-side policies,
demand-side policies, and environmental policies on the
digital transformation of innovation ecosystem, and basic
conclusions drawn from numerical experiments are as
follows.

Firstly, supply-side policies, demand-side policies, and
environmental policies all facilitate the digital transformation
of innovation ecosystem. From the perspective of effects, the
effects of supply-side policies are greater than that of demand-
side policies, and the effects of environmental policies are the
weakest. Secondly, the digital levels of enterprises play an
important intermediate and transmission role in the

transformation process. On the one hand, enterprises’ digital
levels show a positive correlation with their net income; the
higher the enterprises’ digital levels, the more likely for them
to occupy a higher market share, and thus the higher the net
income. On the other hand, the higher the digital levels of
individuals, the more obvious the core-periphery structure in
the cooperative innovation network. In other words, there are
few enterprises in the system (the core of network), which
have long-term stable cooperative relations.

5.2. 2eoretical and Policy Implications. .is paper is asso-
ciated with literature in the fields of the innovation eco-
system, digital transformation, and technological policies.
Research results have contributions to previous literatures
from two aspects. Firstly, this paper carries research on the
relationship between policy intervention and innovation
ecosystem transformation [8] further. Existing researches
pay close attention to the way to get rid of innovation
ecosystem transformation failures with technological poli-
cies. .is paper further focuses on the digital transformation
of innovation ecosystem, studies effects of supply-side,
demand-side, and environmental policies on digital trans-
formation, and thus carries existing researches further.
Secondly, this paper also plays an active role in the devel-
opment of innovation ecosystem modeling. .eoretical
analysis and case study are main research methods of in-
novation ecosystem at the moment, and application of
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Figure 13: .e digital level of enterprises under different environmental policies when R� 60: (a) pr� 0.3, Cu� 1, Cb� 2; (b) pr� 0.5,
Cu� 1, Cb� 2; (c) pr� 0.7, Cu� 1, Cb� 2; (d) pr� 0.3, Cu� 2, Cb� 4; (e) pr� 0.5, Cu� 2, Cb� 4; (f ) pr� 0.7, Cu� 2, Cb� 4.

Table 4: .e partial indicators of cooperative innovation network
under different environmental policies.

Costs NI ACE ACE_S AC AC_S
p1� 0.5, pr� 0.3, Cu� 1, Cb� 2 115 3.759 5 5.39 8.376
p1� 0.5, pr� 0.5, Cu� 1, Cb� 2 103 3.518 4.716 5.064 8.189
p1� 0.5, pr� 0.7, Cu� 1, Cb� 2 90 3.736 4.838 5.182 7.772
p1� 0.3, pr� 0.3, Cu� 2, Cb� 4 33 3.847 4.322 4.836 5.824
p1� 0.5, pr� 0.5, Cu� 2, Cb� 4 48 3.567 4.034 4.569 5.826
p1� 0.5, pr� 0.7, Cu� 2, Cb� 4 34 3.654 4.032 4.569 5.523
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modeling and computational experiments is still obviously
inadequate [9], so they fail to effectively depict and represent
the complex system characteristics of the innovation eco-
system. .e agent-based model built by this paper can help
to make up this shortage of research.

.is paper also has positive implications for policy
practices of digital transformation. First of all, according to
the results of this study, policymakers need to choose ap-
propriate policy tools to promote the digital transformation
of innovation ecosystem. Specifically, the supply-side policy
can effectively break the bottleneck in the transformation
process, which should be the first choice of policy tools.
Secondly, considering the diminishing marginal effect of
policy tools, policymakers should make policy from the
perspective of dynamic combination. We should not only
consider the process of digital transformation of innovation
ecosystem to adjust the policy tools in time but also enlarge
the scope of different policy tools to realize the integration
and optimization of effects. .e concept of tentative gov-
ernance emerged in recent years enlightens this practice to a
huge degree [28]. .ird, policymakers need to pay more
attention to the microeffect of policy. According to the
research of this paper, the digital level of enterprises plays a
good intermediary role in the whole process of digital
transformation of innovation ecosystem. .erefore, poli-
cymakers need to emphasize the role of policy tools in
enhancing the digital level of enterprises, especially the
leading enterprises which dominate innovation network.
Fourth, to enterprises and other innovation agents, digital
transformation can help enterprises getting a greater
competitive advantage in the innovation ecosystem, occu-
pying core position in the innovation network, and forming
relatively stable cooperative relationships with other agents.
.erefore, enterprises shall use policy conditions for the
implementation of transformation in a more active manner.
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