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How can enterprises acquire knowledge resources quickly tomaintain a competitive advantage in themarket has become the focus
of attention among academic circles and enterprises in the era of the knowledge economy. Based on the ecology theory, this paper
analyzed the characteristics of the innovation subject and the rules of the heterogeneous knowledge interaction between in-
novation subjects. +en, this paper proposed a multiagent-based model of EIE (enterprise innovation ecosystem) heterogeneous
knowledge increment to simulate the interactions between innovation subjects. By combining the biotic factors (government and
service institutions) and abiotic factors (economical, social, and cultural), this paper designs eight different innovation envi-
ronment scenarios to explore the dynamic impacts of these factors on EIE heterogeneous knowledge increment. +e research
findings were as follows: (1) In the introduction stage of innovation collaboration between innovation subjects, the same in-
vestment of the innovation elements in academic institutes is more beneficial to increasing system heterogeneous knowledge than
investment in enterprises. (2) +e cultivation of innovative biotic factors in service institutions is conducive to the rapid in-
teraction of heterogeneous knowledge among the innovation subjects. Still, it is not suitable for areas with higher homogeneous
knowledge because high homogeneous environment can easily lead to intensified market competition. (3) +e cultivation of the
abiotic innovation environment is conducive to maintain stable high-speed growth of EIE heterogeneous knowledge increment
over a long period. (4) Without considering the cost of environmental cultivation, cultivating biotic and abiotic environments at
the same time is the most beneficial choice to EIE heterogeneous knowledge increment.

1. Introduction

With the scientific and technological revolutions from the
Internet, enterprises face a more dynamic, complex, and
uncertain competitive environment. How to improve the
competitiveness to face the challenge is a severe test for
enterprises at this stage. In the era of the knowledge
economy, knowledge is considered a unique strategic re-
source [1], and rapid knowledge transfer is the key for
enterprises to maintaining competitive advantage [2]. An IE
(innovation ecosystem) construction is considered an im-
portant way for enterprises to acquire knowledge to
maintain competitive advantage [3]. EIE (enterprise inno-
vation ecosystem) is a new concept proposed in recent years,
which integrates ecology and innovation system theory and

applies the natural evolution law of natural ecological
community to the economic management field [4]. To be
specific, scientific research, enterprises, and other innova-
tion subjects are the core subjects in the EIE, while the
government, intermediary institutions, and users are con-
sidered as the support subjects. +rough complex nonlinear
interaction [4], knowledge, capital, and other resources
within the IE are integrated, resulting in economical, social,
and cultural effects that cannot be formed by a single en-
terprise [5]. Existing studies on the EIE [6] were mainly
focused on the output of the innovation system, such as
performance or value creation [7].+ese studies emphasized
the research on EIE from a strategic perspective [8, 9].
Meanwhile, researchers paid more attention to the influence
of microlevels such as entrepreneurship [10], knowledge
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[11], and technology [12] in EIE. Other studies [13] focused
on the structure of the IE [14, 15] and the system’s internal
mechanism [16].

Although there are many studies on EIE, the following
areas need to be improved: First, the process of knowledge
resource flow and the law of knowledge increment in the EIE
is less depicted. Considering the knowledge network
structure and the internal and external sources of knowledge
while ignoring the change of knowledge stock in the system
cannot objectively reflect the nature of knowledge dissem-
ination in the innovation system. Second, there is no further
division of knowledge resources within the EIE. Knowledge
in existing research is divided into explicit knowledge and
implicit knowledge, with no further division of homogeneity
and heterogeneity. Homogeneous knowledge is the basis for
establishing cooperative relationships, but the increase of
system knowledge depends on the interaction of hetero-
geneous knowledge. +ird, there is a lack of quantitative
analysis of the extent to which environmental elements
within the EIE affect system output. +e innovation subjects
and the innovation environment elements are closely related
to the whole. Ignoring the change of environmental factors,
while only considering the role of the innovation subject in
the system, will weaken the practical guiding significance of
the research results.

Based on the aforementioned information, the research
topic of this paper is the mechanism of heterogeneous
knowledge increment of EIE and how the external envi-
ronmental factors facilitate the increment of EIE knowledge.
+is paper uses the IE concept to define the subjects, en-
vironment, interactions, and influence relations among
enterprises’ innovation activities. Considering that the IE is a
typical complex system, and knowledge increment is a
“bottom-up” evolution process, a multiagent-based model is
an appropriate approach to study such a complex system. To
be specific, this paper builds a multiagent-based model for
EIE heterogeneous knowledge increment. +e model in-
troduces biotic and abiotic environmental factors, identifies
various scenarios, and analyzes the impact of external factors
on system knowledge increment.

After the introduction, we sort the relevant theories in
Section 2, introduce the applicable methods and put forward
the hypothesis in Section 3, and present the empirical results
and discussion in Section 4 and the research conclusions in
Section 5. +is paper enriches the existing theoretical
achievements on the evolution of the increment of het-
erogeneous knowledge in EIE, fills the research gaps on the
impact of innovation environment factors on heterogeneous
knowledge increment, and provides a theoretical basis and
reference for different regional governments to formulate
enterprise innovation management policies.

2. Theoretical Background

2.1. Innovation Ecosystem. Moore [17] has put forward the
concept of the innovation ecosystem for the first time and
then proposed the concept of a business ecosystem. Adner
[18] proposed EIE, regarding it as a complicated system
consisting of firms who occupy different but interrelated

ecological niches [19]. Enterprises in the EIE take knowledge
creation as the core object and interact with stakeholders.
EIE is a collaborative, interdependent, opening, and dy-
namic network system [20]. As a “life” system with dynamic,
symbiotic, and sustainable development characteristics [21],
EIE is also a collaborative mechanism; organizations use this
cooperative mechanism to connect other organizations with
the purpose of better coping with customers’ requests to
achieve value output [18]. +e understanding of the concept
of EIE is a deepening process. Many scholars have applied
this theory to the empirical analysis about enterprises’ in-
novation efficiency [22–24]. Scholars’ understanding and
definition of EIE are different from different perspectives,
but the elemental composition and characteristics of EIE are
consistent. Generally, the EIE is composed of innovation
subject and innovation environment. +ere are interactions
among innovation subjects, innovation subjects and inno-
vation environment, and various resources flow through the
interactions. +erefore, depending on the ecosystem theory
and the current research results, this paper constructs the
structuremap of heterogeneous knowledge increment of EIE
as shown in Figure 1. +e system includes the subject, re-
source, and environment.

2.1.1. Innovation Subjects. Innovation subjects are the
fundamental component of EIE. In Schumpeter’s [25] in-
novation theory, the enterprise was the main subject, the
scope of which is too narrow in today’s situation.+e field of
innovation is broad, the subject of the invention is diverse,
and people can use different standards to classify the in-
novation subjects. With the development of the innovation
system’s definition, scholars defined innovation subjects of
IE as those innovation units that participate in the whole
process of innovation from beginning to end and success-
fully put their ideas into practice.+e formation of EIE is not
a disorderly combination of subjects; each innovation
subject has its niche. In this paper, according to the niche
theory and nutrition supply mechanism, the innovation
subjects in EIE are divided into producers and consumers;
the positioning of producers and consumers will change
according to the direction of the system’s resource flow.+at
is, at different stages of the interaction between the system
innovation subjects, the producer can also be a consumer
and vice versa.

① Producers: universities and research institutes are the
producers of original and basic knowledge in the EIE,
while enterprises are the producer of applied
knowledge. Producers usually combine consumers’
knowledge demand and their knowledge stocks with
the new knowledge in other disciplines to carry out
knowledge reproduction. Universities and research
institutes are skilled in basic knowledge and research
methods and have a perfect talent pool but lack
innovative capital and market experiences. Enter-
prises also have a certain amount of research de-
partments, but in the current market background,
most enterprises focus on progressive innovation;
less investment is invested in basic research and
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development, which lacks short-term economic
benefits. Owing to these complementary needs, there
is a driving force between enterprises and academic
institutes to form a cooperation relationship of
knowledge innovation.

② Consumers: the enterprises are the consumer of the
original and basic knowledge in the EIE. +e other
innovation subjects in the system have direct or
indirect contact with the enterprise. Enterprises
transform knowledge into products and services, the
products and services meet market demand. +ose
transform actions realize the value transformation of
knowledge increment. Universities and research in-
stitutes are consumers of applied knowledge. Usually,
the market presents the knowledge demand to the
enterprises; in combination with demand, enterprises
will implement their own “evolution” in the process
of original and basic knowledge application. +en,
these enterprises will feedback their new knowledge
and new needs to the universities and research in-
stitutes. Meanwhile, universities and research insti-
tutes will start a new round of production after
“internalization” of that feedback. +ese production-
consumption-reproduction-reconsumption pro-
cesses of knowledge form a complete closed-loop of
knowledge increment of EIE.

2.1.2. Resource. Knowledge is the most important resource
in EIE [1]. +e essence of innovation is the acquisition and
creation of knowledge. +e existence knowledge potential

difference in innovation subjects [26] forms knowledge flow
among the innovation subjects. According to different
sources of knowledge, the knowledge can be divided into
internal source knowledge and external source knowledge
[27]. +e internal source knowledge refers to the knowledge
owned by subject itself, while the external source knowledge
refers to the knowledge owned by other subjects. Besides, the
knowledge flow is bound to be accompanied by the
knowledge transformation, and the external source
knowledge can be transferred to internal source knowledge
at a certain rate. As there is heterogeneity between inno-
vation subjects’ ability, experience, concept, way of thinking,
behavior habits, and personality characteristics, the
knowledge produced by these innovation subjects has cer-
tain heterogeneity. +erefore, the knowledge can be further
defined into heterogeneous knowledge and homogeneous
knowledge. +e more heterogeneous knowledge the system
has, the stronger the ability to respond to external emer-
gencies is and the more competitive it is in the market.

2.1.3. Environment. All innovation ecosystems have their
corresponding special environment. +e innovation envi-
ronment provides the activity space for the innovation
subject. For EIE, the external environment can be divided
into “biotic” and “abiotic” environments [28]. +e biotic
environment includes stakeholders such as governments,
intermediaries, financial services institutions, and users.
Abiotic environment refers to economical, social, and cul-
tural factors. Environmental factors that have an impact on
innovation subjects are also referred as ecological factors.

University and
research institute

Knowledge flow

Knowledge flow

Enterprise

Government
departments

Intermediaries

Customers

Financial
institutions

Economic
environment

Cultural
environment

Social
environment

Subjects

Biotic environment

Abiotic environment

Figure 1: +e structure of EIE (enterprise innovation ecosystem).
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+e change of each factor will cause the change of other
related factors, and the multifactor change will have a
comprehensive effect on the IE and its subjects. As each
ecological factor has an “unbalanced” characteristic, each
ecological factor plays a different role for different system
subjects. +e ecological factors that play the central role and
determine the role are the leading factors. For example,
governments are the most critical leading ecological factor of
the EIE. +ey provide various rules, legal procedures, and
codes of conduct, which will cultivate innovative ideas,
stimulate innovation motivation, integrate innovative re-
sources, and protect innovation achievements. As a leading
ecological factor, the governments provide a powerful push
to promote innovation and development.

2.2.HeterogeneousKnowledge. Heterogeneous resources are
valuable scarce resources that are hard to imitate and re-
place. Knowledge is regarded as a unique resource in the era
of knowledge economy [1]. Human resources and patents
are the typical knowledge resources [29]. Heterogeneous
resources constitute the endogenous source of the firms’
core competitive advantage and the basis for creating rents
[30]. Amabile et al. [31] believed that the heterogeneity of
knowledge stems from the unavoidable differences in ex-
perience among team members. Tao et al. [32] defined
heterogeneous knowledge as diversified knowledge and the
information which is different from own knowledge field.
+e system can divide knowledge into homogeneous
knowledge and heterogeneous knowledge according to the
different characteristics of knowledge in content, hierarchy,
and source. Due to differences in context, division of ex-
pertise, local inertia concerning knowledge acquisition, and
the developmental path-dependence of knowledge, it is
unrealistic to expect full knowledge homogeneity within
enterprises [33]. From the perspective of knowledge base,
knowledge heterogeneity helps not only to solve the crisis of
innovation stagnation due to limited individual cognition
but also the team to fully integrate heterogeneous knowledge
resources from different subjects and form a unique product
innovation advantage under the background of increasing
innovation complexity [34]. Heterogeneous knowledge is an
indispensable part of enterprises’ innovation management
and the key resource for companies to find new directions
for development or explore new opportunities for product
development [35]. Enterprises emphasize the combination
and utilization of heterogeneous knowledge in the era of
knowledge economy. For an enterprise to create value, ef-
fective management of heterogeneous knowledge is critical
[36]. Above all, this paper defined heterogeneous knowledge
as the knowledge owned by other innovation subjects,
expanding its knowledge stock, improving the flexibility to
cope with diversified needs, and enhancing its own and
system innovation ability.

2.3. Mechanism of Knowledge Increment. In the era of
knowledge economy, knowledge is the most important in-
novation resource. Rapid knowledge increment is the basis
of efficient innovation within and between enterprises [37].

+e concept of knowledge increment was first put forward
by the American scholar Toffler in his book.e.ird Wave
[38]. He pointed out traditional resources such as raw
materials and capital were the factors of production in the
first wave of science and technology. In contrast, infor-
mation and knowledge were the core resources of the second
wave of science and technology. He defined knowledge
increment as the growth trend of knowledge in the process of
evolution, derivation, differentiation, and expansion. Non-
aka [39] defined that the knowledge increment of an or-
ganization can be transformed and valued through four
circular models: socialization, externalization, combination,
and internalization (SECI). +erefore, this paper defined the
heterogeneous knowledge increment of the EIE as the fol-
lowing: enterprises collaborate with academic institutes,
interacting with the innovation environment, through
heterogeneous knowledge acquisition, internalization,
propagation, elimination four stages to drive system’s het-
erogeneous knowledge increment. Its system knowledge
increment dual-cycle model is shown in Figure 2.

2.4. ABM (Agent-Based Method). EIE is a system with sig-
nificant complex characteristics. A simple theoretical rea-
soning cannot reflect the complexity of the knowledge
subject, the delay of knowledge flow, and the system evo-
lution. In addition, it is not easy to evaluate the imple-
mentation effects of environmental element changes in EIE,
so it will be very expensive to use experimental methods to
analyze the research result. In other social science fields,
similar dilemmas are often solved by systematic simulation
methods. +e agent-based model (ABM) has been suggested
as an appropriate tool to solve the kind of complex system
problems [40, 41]. Agent originated from artificial intelli-
gence, which refers to an entity that has a certain degree of
subjective initiative, can perceive changes in the environ-
ment and actively respond to the environment according to
its own intentions. By simulating agents’ behaviors and their
interrelationships, ABM captures dynamic feedback from
subsystems, which in turn describes and reflects the evo-
lution of the entire complex system [41]. +e analysis of
evolutionary features improves the efficiency of the system’s
overall utilization. Simulation technology is widely used in
biology, finance, society, energy, risk management, and so
on. Garcia [42] indicated that ABM has potential for three
areas about innovation: diffusion of innovations, organi-
zational strategy, and knowledge/information flows. ABM
has been widely applied for the field of innovation man-
agement in the existing research. Stummer and Kiesling [43]
developed a commercial game simulation platform based on
ABM theory, under the premise of considering social factors
such as consumer heterogeneity and word-of-mouth
transmission, helping students or junior managers to obtain
first-hand experience in innovation and technology man-
agement. Sankar et al. [44] proposed an agent-based sim-
ulation scheme, simulating knowledge diffusion of the
Indian Company Affiliation Network (ICAN), analyzing the
impacts of board member behaviors on the knowledge flow
of the enterprise. +e flow of knowledge in the EIE is
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influenced by the innovation subject, innovation environ-
ment, and other factors. +e heterogeneous knowledge
increment in the system is a complex evolutionary process.
+e above analysis shows that ABM has great advantages in
studying the heterogeneous knowledge increment of EIE.

3. Methodology

3.1. Framework of Agent-Based Model. Based on the analysis
about themechanism of knowledge increment among EIE, this
paper built a multiagent-based model of the heterogeneous
knowledge increment of EIE to study how different scenarios
facilitate the heterogeneous knowledge increment. +erefore,
we will explain our model in this paper from three aspects:
simulation procedure, agents’ attributes, and behavior rules.

3.1.1. Simulation Procedure. +e multiagent-based model
process was structured in three steps: model initiation, model
runs, and model outputs (as shown in Figure 3). In the model
initialization step, the agents were created and the basic at-
tributes were set. When the agent-based model runs, the
simulation process is completed by judging the type of
knowledge, judging the proportion of heterogeneous
knowledge of the agent, making knowledge transfer decisions.
About the model output step, some data results at the system
level were outputted, analyzed, and visualized.

3.1.2. Agents’ Attributes. In this paper, the flow of knowl-
edge resources in the model occurred between university
research institutes and enterprises, so the simulation model
contained two types of innovation subjects: the universities
and research institutes agent (AgentU) and the enterprises
(AgentE). +ere was a knowledge position difference be-
tween innovation subjects due to the different under-
standing about diversity knowledge and mastery degree of
knowledge in subfields [45]. +e existence of knowledge

position difference promoted the formation of the
knowledge sharing willingness of the innovation subjects.
Knowledge sharing behaviors led to the flow of heteroge-
neous knowledge among different innovation subjects [46].
+e heterogeneous knowledge transfer flow was similar to
the biological resource “ingestion and absorption” process
in natural ecosystems. +erefore, the activities related to
knowledge transfer flow within the EIE were defined as four
stages, namely knowledge acquisition, knowledge inter-
nalization, knowledge generation, and knowledge elimi-
nation. ① Knowledge acquisition stage was corresponded
to the “ingestion” of resources by organisms in the eco-
system.+e amount of knowledge acquired was equal to the
amount of knowledge shared by other innovative subjects
in the system. ② Knowledge internalization stage was
referred to the “absorption” of resources by organisms in
the ecosystem. +e amount of knowledge internalized was
equal to the amount of innovative knowledge captured after
identification screening. ③ According to the theory of
dynamic ability, each knowledge subject will have a certain
degree of improvement in attribute ability in each devel-
opment cycle [47] and some knowledge loss because it has
not been used for a long. In other words, the transfer flow of
heterogeneous knowledge created the process of “genera-
tion” of new knowledge and “elimination” of old knowl-
edge. Innovation subjects reproduced knowledge based on
their existing knowledge combined with internalized
knowledge from other subjects. +e amount of knowledge
eliminated by innovation subjects is the part that cannot
meet market demand. +e above behaviors of the inno-
vation subjects involve the following attributes: the
knowledge stock of the innovation subject (K∗), the ability
to internalize the knowledge (I∗), the ability to generate
knowledge (G∗), the elimination rate of the knowledge (L∗),
and the willingness of the innovation subject to share
knowledge (c∗). Table 1 lists summarized parameters of the
attributes involved in the model.

Internalization

Internalization
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Acquisition
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Propagation

EliminationElimination
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knowledge in university
and research institutes

Knowledge increment cycle of 
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Figure 2: Double circulation of heterogeneous knowledge increment in EIE.
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3.1.3. Behavior Rules. +e interaction rules reflected the
strategy of the innovation subject in the process of
knowledge transfers in the EIE. +e innovation subjects in
the system were always constantly perceiving the sur-
rounding environment, making judgments that are in line
with their interests and then taking corresponding be-
havioral decisions. +e strategies of each cycle were de-
termined by combining the strategy state and interaction
result of the previous cycle. Subjects’ interactions facilitated
the formation of the heterogeneous knowledge transfer
flow and completed decision-making process shown in
Figure 4. In this paper, heterogeneous knowledge inter-
actions among agents were divided into four consecutive
behaviors: knowledge acquisition, knowledge internaliza-
tion, knowledge generation, and knowledge elimination.
Table 2 lists all kinds of agents’ interaction rules involved in
the model.

(1) Acquisition: agents acquired heterogeneous knowl-
edge due to the sharing behavior about knowledge of
other innovation subjects. +erefore, the amount of
heterogeneous knowledge acquired by AgentU in tick
t (Kacquisite

U,t ) equals the amount of heterogeneous
knowledge shared by the AgentE at tick t−1 (KHete

E,t−1).
+e amount of heterogeneous knowledge acquired
by AgentE in tick t (Kacquisite

E,t ) equals the amount of
heterogeneous knowledge shared by the AgentU at
tick t−1 (KHete

U,t−1). +e part of the knowledge stock of
the innovation subject that excluded the system
homogeneous knowledge (KHomo

UE,t−1) is the heteroge-
neous knowledge held by itself (KHete

∗,t−1), and the
knowledge that existing in every innovation subject

was the homogeneous knowledge (KHomo
UE,t−1) in the

system. +e innovation subjects will not share all of
their heterogeneous knowledge due to the protection
of core knowledge, cognitive differences, cultural
situations, conflicts of interest, the goal not in har-
mony, and other reasons [45]. In other words, agents
will not share 100% of heterogeneous knowledge. In
the EIE system, there was a threshold of knowledge
transfer (α); there is a decay in the willingness of the
innovation subject to share knowledge when the
homogeneous knowledge of the agent is higher than
a certain proportion. Meanwhile, as the innovation
hardware or software facilities were limited, the share
ability (S∗) of AgentU and AgentE will be limited, and
only part of the shared knowledge can be transferred
to other innovation subjects.

(2) Internalization: the producers and consumers in EIE
often have communication barriers caused by in-
formation asymmetry [48], so it was impossible to
fully internalize K

acquisite
∗ , agents with knowledge

internalization rate (I, I< 100%). +e digestion and
absorption of resources need time, and the inno-
vation subjects also need time to learn new knowl-
edge from other subjects. +erefore, there was a lag
period in the internalization process. Subjects need
three ticks to transform theK

acquisite
∗ into Kinternal

∗ ; in
other words, the K

acquisite
∗ acquired by the subjects in

t–3 tick will not be internalized into their own
knowledge stock until t tick [49]. According to the
theory of dynamic ability, the internalization ability
(I∗) will have a growth rate (β∗) due to the

Table 1: Innovation subjects’ attributes parameters.

Subjects Knowledge stock Internalization ability Generation ability Elimination rate Share willingness Share ability
AgentU KU IU GU LU cU SU

AgentE KE IE GE LE cE SE

Enterprise agent

Agents’ type Agents’ attributes

Agents’ behavior rules and simulation process

University research
institutes agent

Stock of
knowledge

Ability of
send

Ability of
internalization

Ability of
generation

Rate of
elimination

Judge knowledge type Knowledge transfer decisionJudge homogeneity knowledge

Total amount of
system knowledge

Heterogeneous
knowledge growth rate

Heterogeneous
knowledge growth

...

Data output of system

Statistical analysis
and visual expression

Model initiation

Model runs

Model outputs

Figure 3: Simulation procedure of the agent-based model for heterogeneous knowledge increment of EIE.
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Figure 4: +e flowchart of agents’ decision-making.

Complexity 7



stabilization agent cooperative relationship and the
increasing knowledge stocks of the innovation
subject itself.

(3) Generation: the innovation subjects generated new
knowledge basis on the existing knowledge stocks in
the last period (K∗,t−1) and internalized knowledge in
this period (Kinternal

∗,t ). K
generate
U,t and K

generate
E,t repre-

sented the amount of knowledge generated by
university research institutes and enterprises at the t
tick. +e iteration speed of incremental innovation
knowledge and applied innovation knowledge of
enterprises was higher than that of university re-
search institutes (GU,t <GE,t) because enterprises
have close contact with the market and customers.

(4) Elimination: the rapid iteration of market demand
resulted in the turnover and elimination of subjects’
knowledge. +e amount of knowledge lost by uni-
versity research institutes and enterprises was based
on the knowledge stock of the previous period
(K∗,t−1) with the loss coefficient (L∗). Referred to the
year of patent failure, the loss coefficient value was
finally set at 0.4% each tick.

(5) Increment: the innovation subjects obtained knowl-
edge increment in each simulation cycle due to 4
consecutive behaviors: knowledge acquisition,
knowledge internalization, knowledge generation,
and knowledge elimination. Kincrement

U,t and Kincrement
E,t ,

respectively, represented the university research in-
stitutes and enterprises knowledge increment in t tick.

(6) Constraint. Ecological system balance is a dynamic
balance. +e ecosystem keeps evolving in the di-
rection of variety, structural complexity, and
functional perfection in the natural environment
until the ecosystem reaches a mature state. Akin to
the natural ecosystem, the EIE heterogeneous
knowledge increment behaviors have a dynamic
balance stage. If the innovation subject’s homoge-
neous knowledge stock exceeds proportional con-
straint (KHomo

UE,t−1/KU,t−1 ≥ α or KHomo
UE,t−1/KE,t−1 ≥ α ), the

innovation subject’s willingness to share hetero-
geneous knowledge will continue to decline with a
rate (δ) and eventually stabilize in the range (max
lower limit, upper limit −􏼈 δ ∗ (t − tThre)}, tick >
Threshold tick), keeping the innovation system in a
dynamic balance state.

3.2. Model Hypothesis. It is challenging to consider all the
impact factors in one simulation model due to the com-
plexity of the knowledge increment process, the complexity
of the innovation subjects, and the realizability of the
simulation. +erefore, some main assumptions were set to
simplify the model and ensure the availability and credibility
of results. +e premises are as follows.

Hypothesis 1: the agents of EIE included university
research institutes and enterprises. +e
positioning of producers and consumers
will change according to the direction of
systems’ resource flow.+at is, at different
stages of the interaction between the
system innovation subjects, the producer
can also be a consumer, and vice versa.

Hypothesis 2: the demand from innovation subjects for
heterogeneous knowledge resources was
the internal driving factor of knowledge
transfer. +e system’s homogeneous
knowledge did not transfer among dif-
ferent agents.

Hypothesis 3: the cooperative relationship between
university research institutes and enter-
prises was maintained continuously in the
simulation cycle without disconnection.

Hypothesis 4: the interaction between different envi-
ronmental factors was not considered
when the biotic environmental factors
and abiotic environmental factors si-
multaneously influence the innovation
subjects.

Table 2: Agents’ behavior rules.

Stage AgentU AgentE

Acquisition
KHomo

UE,t−1 � KE,t−1 ∩ ​ KU,t−1 (1) KHomo
UE,t−1 � KE,t−1 ∩ ​ KU,t−1 (1)

K
acquisite
U,t � KHete

E,t−1 ∗ SE,t ∗ cE,t
(2) K

acquisite
E,t � KHete

U,t−1 ∗ SU,t ∗ cU,t (10)
KHete

E,t−1 � KE,t−1 − KHomo
UE,t−1 (3) KHete

U,t−1 � KU,t−1 − KHomo
UE,t−1 (11)

Generation Kinternal
U,t � K

acquisite
U,t−3 ∗ IU,t

(4) Kinternal
E,t � K

acquisite
E,t−3 ∗ IE,t (12)

IU,t � IU,0 + t∗ βU (5) IE,t � IE,0 + t∗ βE (13)
Generation K

generate
U,t � (KU,t−1 + Kinternal

U,t )∗GU
(6) K

generate
E,t � (KE,t−1 + Kinternal

E,t )∗GE (14)
Elimination Keliminate

U,t � KU,t−1 ∗LU
(7) Keliminate

E,t � KE,t−1 ∗LE (15)

Increment
Kincrement

U,t � KU,t − KU,t−1 (8) Kincrement
E,t � KE,t − KE,t−1 (16)

KU,t � KU,t−1 + Kinternal
U,t + K

generate
U,t − Keliminate

U,t
(9) KE,t � KE,t−1 + Kinternal

E,t + K
generate
E,t − Kelimnate

E,t (17)

Constraint condition
Threshold tick (tThre): KHomo

UE,t−1/KU,t−1 ≥ α orKHomo
UE,t−1/KE,t−1 ≥ α (18)

ct �
cupper limit, t≤ tThre

max clower limit, cupper limit − δ ∗ (t − tThre), t> tThre􏽮 􏽯
􏼨 (19)
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3.3. Parameters and Initialization. Table 3 lists summarized
parameters involved in the initial model and their values in
this paper. +ose model parameters were important to build
the multiagent-based model and necessary to format the
agents’ status and behaviors. +ere were two agents, AgentU
and AgentE, in the simulation model. +e initial knowledge
stock was set to 500 units and 200 units, and the initial
homogeneous knowledge stock was set to 100 units. Het-
erogeneous knowledge sharing ability was 60%. AgentU‘s
internalization and generation capacity were 2% each sim-
ulation tick, and AgentE ‘s generation capacity was 3% each
simulation time. Considering that the major policy planning
cycle is 5 years in China, the model’s simulation time was set
to 60 ticks, each tick representing 1 month. α was set to 90%,
representing the threshold for heterogeneous knowledge
sharing. c∗ represented initial share willing and was set to
80%. When subjects’ homogeneous knowledge ratio reached
the knowledge threshold, there was a 5% decrease in the share
willing per simulation cycle until reaching a minimum
willingness of 10% to maintain the system’s dynamic balance.
Referred to the year of patent failure, the loss coefficient value
was finally set at 0.4% each tick.

`+is paper used Netlogo 6.0.4 simulation software plat-
form to carry out simulation experiments. In order to avoid
the influence of randomness on the experimental results, the
average value of 100 simulation results was calculated. +e
simulation interface is shown in Figure 5. +e simulation
interface has three parts, the left are variables in the model, the
middle is the interaction of innovation subjects when model
running, and the right are plots of results.

3.4. ScenarioDesign. From the perspective of EIE, this paper
analyzed the process of system’s heterogeneous knowledge
increment. +e impact of innovation environment factors
on heterogeneous knowledge increment was also a research
point of this paper. We changed the values of variables
related to the innovation environment to analyze the impact
of the innovation environment on the increment of het-
erogeneous knowledge in the system. Different industries,
different regions, different age groups, and different times all
have effects on user demand. And the user demand changes
on the impact of EIE are not general, so this paper finally
selected the biotic environment factors (government, in-
termediary, and financial institutions) and the abiotic en-
vironment as three environmental factors for analysis. We
made other parameters unchanged and adjusted the three
parameters mentioned above to design eight different sce-
narios. +e parameters’ design is illustrated in Table 4. UTP
represents the scenario of the impact caused by the gov-
ernment factor of the biotic environment on AgentU. ETP
represents the scenario of the impact caused by the gov-
ernment factor of the biotic environment on AgentE. SP

represents the scenario of the impact caused by the service
institute factor of the biotic environment on Agent∗. NEP
represents the scenario of the impact caused by the abiotic
environment factor on Agent∗. X +Y represents that X
scenario and Y scenario act on Agent∗ simultaneously. For
example, ETP + SP means the impact caused by the gov-
ernment factor, and the impact caused by the service in-
stitute factor will happen at the same time.

3.4.1. Biotic Environment

Government. +e impact of government factor on EIE was
reflected by increasing the stock of heterogeneous knowledge
in the fixed cycle. Governments issued various laws and
regulations, administrative rules, and development plans to
guide innovation subject knowledge increment, while mul-
tiple types of innovation projects guide different subjects to
participate in innovation [50]. Government’s activities sig-
nificantly increase the talent and technology investment in
EIE [51]. +e government’s guidance is directed at different
subjects, so the impacts of the government innovation en-
vironmental factors on university research institutes and
enterprises were analyzed in different subscenario.

Intermediaries and Financial Institutions.+e influences of
intermediary and financial institution as abiotic environmental
factors on the system were reflected by the increase of the
knowledge internalization growth rate of innovation subject.
Intermediaries and financial institutions can be summarized as
service institutions. Knowledge producers’ knowledge is
mainly presented in patents, papers, research reports, and so
on. Incubators, property rights trading centers, technology
transfer centers, and other intermediary institutions through
the in-depth processing of innovative knowledge integration,
mining, and further deep-seated processing [51] improve
consumers’ heterogeneous knowledge absorption, application,
and re-innovation efficiency. Financial institutions introduce
financial support for technology research and development and
speed up research and development [52, 53].

3.4.2. Abiotic Environment

Economic, Social, and Cultural Factors. Impacts of abiotic
environmental factors on EIE heterogeneous knowledge
increment mainly were reflected by the subjects’ willingness
to share knowledge. A developed economic environment is
conducive to enterprise innovation institution-building and
provides economic support for implementing the policy
system. Besides, a developed economic environment will
bring stable market demand. A good social environment is
essential for attracting innovative talent. +e formation of an
active cultural environment will form a positive spirit of
innovation. +us, economic, social, and cultural factors
constitute indirect drivers of knowledge increment in the EIE.

Table 3: Values of model parameters.

R KHete KHomo S I G L c β
AgentU 500 100 60 (%) 2 (%) 2 (%) 0.4 (%) 80% 0.5%
AgentE 200 100 60 (%) 2 (%) 3 (%) 0.4 (%) 80% 0.5%
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3.4.3. Composite Environment. With composite environment
reflected by subjects’ heterogeneous knowledge stock added,
the increase of the knowledge internalization growth rate of
innovation subject and the subjects’ willingness to share
knowledge changed simultaneously. +e ecosystem is a system
of nonlinear interaction between biological subjects and bio-
logical environments. Only considering the individual factor
cannot objectively look at the changes of the whole. +erefore,
this paper considered the impacts of multienvironment si-
multaneous changes, that is, considering the effect of the
concurrent evolution of biotic environment and abiotic in-
novation environment on the system.

4. Results and Discussion

4.1. Basic Scenario of EIE’s Heterogeneous Knowledge
Increment. Figures 6 and 7 illustrate the simulation results
of the basic scenario of the heterogeneous knowledge

increment simulation model. In this basic scenario, the
evolution trend of the heterogeneous knowledge incre-
ment of different agents in the EIE without being affected
by the external environmental factors was observed. +e
characteristics of the heterogeneous knowledge increment
of the innovation subject were analyzed according to the
results of the data simulation in some essential time
nodes.

+e results indicated that from the overall perspective,
comparing tick 0 with tick 4, it can be found that the
heterogeneous knowledge obtained from other subjects has
not been internalized into its knowledge stock until the 3
ticks later, due to the lag of the internalization ability. At end
of the tick 24, the heterogeneous knowledge added through
the knowledge interaction process (Kinternal

t ) to be accounted
for more than half of the total value add-on of heterogeneity
knowledge (Khete−add

t ). Besides, the heterogeneity knowledge
generated (Kgenerate

t ) based on the knowledge stock has

Table 4: Parameters’ design for eight scenarios.

Scenario AgentHete
U AgentHete

E β c

Basic 500 200 0.5% 80%
UTP Add 100 units/12 ticks — — —
ETP — Add 100 units/12 ticks — —
SP — — 1% —
NEP — — — 90%
ETP+ SP — Add 100 units/12 ticks 1% —
SP+NEP — — 1% 90%
ETP+NEP — Add 100 units/12 ticks — 90%
ETP+ SP+NEP — Add 100 units/12 ticks 1% 90%
“—” denotes the values of the parameters are not changed, the same with the basic scenario.

Figure 5: Netlogo 6.0.4 simulation platform.
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produced a boost to the system knowledge increase. During
the period from tick 25 to tick 36 s, Khete−add

25th−36th was com-
parable to the total amount of Khete−add

1th−24th , indicating that the
rate of heterogeneity knowledge increment of EIE was
significantly accelerating with the increase of innovation
subjects’ knowledge stock, due to the stability of the co-
operative innovation relationship, and the ability to inter-
nalize heterogeneous knowledge enhanced. During the
period from tick 36 to tick 48, accompanying with the in-
novation subjects’ homogeneous knowledge stock exceeds
proportional constraint, the willingness to share the inno-
vation subjects’ heterogeneous knowledge continuously
decreased, the increment amount of Khete−add

t slowed down,
and K

generate
t based on its knowledge stock became the main

driving force of Khete−add
t . During the period from tick 48 and

tick 60, the total amount of Khete−add
t gradually increased,

K
generate
t became the central part of knowledge increment in

each tick, while the interaction ratio of heterogeneous
knowledge between the innovation subjects remained at a
relatively stable level, and Kinternal

t contributed relatively little
to the Khete−add

t . With the growth of the innovation subjects’
knowledge stock, the amount of knowledge elimination
(Keliminate) increased with passage of time. From the indi-
vidual perspective, comparing the heterogeneous knowledge
increment process between university research institutes and
enterprises, it can be known that the processes of increment
are similar, but the Khete−add

E were higher than Khete−add
U ,

which was mainly due to the rapid iteration rate of enter-
prises’ application innovation.

4.2. Multiple Scenarios of EIE’s Heterogeneous Knowledge
Increment. +e parameters related to the EIE model are
adjusted in order to form different innovation environ-
ments. Figures 8 and 9 illustrate the comparison of simu-
lation results under multiple scenarios.

4.2.1. Systems’ Perspective. +e results (as shown in Figure 8)
indicated that① there were great distinctions in the impacts
caused by the different environmental factors’ improvement
on the heterogeneous knowledge increment in EIE. Except
the change of service institutions’ factors that have a negative
effect, all the other strengths of innovative environmental
factors have a significant positive effect on heterogeneous
knowledge increment in EIE. +e cultivation of service
institutions accelerated the proportion of homogeneity and
made the decay of knowledge sharing willingness of the
innovation subject. +e strengthening of service institutions
made the system reach the threshold of knowledge homo-
geneity ratio in a short period of time. +e strengthening of
service institutions was conducive to the in-depth excavation
and efficient integration of heterogeneous knowledge of
innovative subjects, which promoted the exchange of het-
erogeneous knowledge of the subject. ② In separate sce-
narios, the cultivation of the abiotic environment has a better
promotion effect than the biotic environment for the system
knowledge increment. +e strengthening of abiotic envi-
ronmental factor has increased the share willingness of
subjects and lengthened the share willingness decay after the
system has reached the threshold. So, these strengthened
strategies will help the system keep a high level of interaction
in the simulation period. ③ Most multienvironment sce-
narios have a better promotion effect than the effect of
separate scenarios on system’s heterogeneous knowledge
increment.+e role of composite environment cultivation in
innovative ecosystems was not simple linear addition, so
there is shown a “1 + 1>2” resonance effect. ④ +e system
knowledge increment was optimal when biotic and abiotic
environmental factors were simultaneously effecting on the
system.

4.2.2. Subjects’ Perspective. +e results (as shown in Fig-
ure 9) indicated that ① in the multi-scenarios, Kinternal

U ,
which is observed from enterprises by university research
institutes, was greater than Kinternal

E which is observed by
enterprises from university research institutes. +e amount
of K

generate
E in the simulation cycle was more than that of

K
generate
U , due to close relationship between enterprise and

market; these relationships help the enterprise realize the
rapid iteration of application knowledge. ② In the culti-
vation of biotic environment factors, the same investment of
the innovative elements in university research institutes has
a greater effect on the system than that of enterprise to the
system knowledge increment. As a typical complex system,
the value add-on of EIE presented nonlinear characteristics.
Besides, the larger the initial knowledge stock of the subject,
the more obvious the phenomenon of “emerging” of the
system heterogeneous knowledge value add-on. University
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Figure 6: AgentU heterogeneous knowledge increment evolution.
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research institutes as the origin of innovative knowledge,
and the initial heterogeneous knowledge was greater than
that of enterprises, so it was more efficient to invest the same
amounts of resources in university research institutions than
enterprises. ③ In the scenario of biotic environment cul-
tivation, the cultivation of service institutions has an in-
hibitory effect on the value add-on of the system. +e
strengthening of service institutions accelerated the ex-
change speed of heterogeneous knowledge between the
innovation subjects. In tick 25, subjects reached the
threshold of knowledge sharing willingness, resulting in the
EIE innovation subject maintaining a low-level knowledge
sharing willingness in other periods. ④ +e scenario of
abiotic environment cultivation has played a good role in the
steady growth of heterogeneous knowledge of EIE during
the simulation cycle. In the innovative environment strategy
“NEP” and “ETP+NEP”, the subjects have not reached the
threshold α, resulting in a decline in the willingness of
heterogeneous knowledge sharing. In “SP +NEP” and

“ETP+ SP+NEP” scenarios, the subjects have not reached
the point until tick 56 and tick 55. +e later the system
reached the threshold α, the higher level of innovation
subjects’ heterogeneous knowledge interaction been main-
tained during the simulation period.

5. Conclusion

5.1. Main Finding. Innovation is the main driving force for
enterprises to maintain market competitiveness. In the era of
the knowledge economy, knowledge is regarded as the most
important strategic resource. Heterogeneous knowledge is
the basis for enterprises to achieve rapid innovation in re-
sponse to market demand.+e construction of an innovative
ecosystem is considered to an effective way to obtain het-
erogeneous knowledge. Consequently, the topic of the
heterogeneous knowledge increment in EIE gained cen-
trality in the agenda of researchers and enterprise managers.
Based on the ecology theory, this paper analyzed the
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characteristics of the innovation subject and the rules of the
heterogeneous knowledge interaction between innovation
subjects. +en, we proposed a multiagent-based model. By
combining the three parameters: subjects’ knowledge stock,
the growth rate of internalization ability, and the share
willingness, this paper designs eight different innovation
environment scenarios, consisting of biotic and abiotic
environments, to explore the dynamic impacts of these
factors on the EIE heterogeneous knowledge increment. +e
conclusions drawn from the numerical experiments are as
follows.

First, the process of heterogeneous knowledge increment
in EIE showed prominent nonlinear characteristics. +ere
was a lag in the internalization process due to internal
knowledge need time. In the early stages of simulation, the
knowledge interaction action was the primary source for
subjects’ heterogeneous knowledge increment. Still,
knowledge generation action has played the primary boost
for subjects’ heterogeneous knowledge increment with the
simulation time going. In the late stage of simulation, the
proportion of system’s homogeneous knowledge reached the
threshold, the willingness of innovation subject to share
decayed, and the knowledge added through the knowledge
generation process that far exceeded interaction process
became the absolute driving force of the system knowledge
increment.

Second, there were significant distinctions in the impacts
caused by different environmental factors on the hetero-
geneous knowledge increment of EIE. Most multienviron-
ment scenarios have a better promotion effect than the effect
of separate scenarios on the system’s heterogeneous
knowledge increment. In separate scenarios, the cultivation
of the abiotic environment has a better promotion effect
than the biotic environment. +e strengthening of service
institutions’ factors has a negative effect on the increment.
+e same investment of the innovative elements in uni-
versity research institutes has a more significant effect on the
system than that of an enterprise.

5.2. .eoretical and Empirical Implications. +is paper is
associated with the field of EIE and knowledge management.
Research results have shown theoretical contributions to
previous literature from three aspects. First, this paper
constructed the EIE model from three parts: innovation
subject, innovation resource, and innovation environment.
Existing researches pay close attention to the system
boundary difference between IE and EIE [54]. +is paper
further focuses on the characteristic of innovation elements
within the system. +e innovation subjects are further di-
vided into producers and consumers, and the innovation
environment is further divided into biotic and abiotic en-
vironments. Second, this paper divided the properties of
innovative resources (knowledge) into homogeneity and
heterogeneity. It also considered the influence of two-way
heterogeneous knowledge flow between innovation subjects
on the increase of system knowledge. +e mainstream
classification criteria of dividing knowledge in existing re-
search are explicit and tacit. +us, heterogeneous knowledge

management research carries existing research further.
+ird, this study plays an active role in the development of
the EIE model. +eoretical analysis and case study are
mainstream researchmethods of EIE [34].+e application of
modeling and computational experiments is still obviously
inadequate [6], so these results cannot describe the complex
characteristics of EIE visually. +e multiagent-based model
built in this paper makes up for this deficiency.

+is paper also has positive implications for policy-
makers and enterprise managers. First, according to the
research results of this paper, different strategies of inno-
vation environment cultivation will have different effects on
the heterogeneous knowledge increment of EIE. Policy-
makers need to formulate appropriate policy tools according
to the resource endowment of the region. Second, while
there is a cost in cultivating an innovative environment,
policymakers need to choose the strategy to realize the
greatest marginal utility according to enterprises’ demand.
In addition, combining with the different characteristics of
knowledge increment at different stages, which is reflected in
this paper, enterprises need to carry dynamic interaction
with the innovation environment according to their de-
velopment cycle changes and strive for the best environ-
mental space for their development.

5.3. Limitations and Future Research. Despite the university
research institutes and core enterprises as the innovation
subjects of EIE in numbers of studies, there is still insuffi-
cient evidence, concerning the upstream, midstream, and
downstream enterprises in the connection system. Different
sizes of enterprises caused significant differences in inno-
vation efficiency. SME (small andmedium-sized enterprises)
showed a higher tendency to innovate. In addition, different
network structures among innovation subjects have impact
on the efficiency of knowledge transfer in the EIE [55, 56].
All in all, scholars and business managers need to expand the
innovation subject in the EIE to a broader range.

Regarding the diversity of user demands, the impacts on
the EIE are not general, and this paper does not considered
the user environment factor in the simulation model. As the
entry gate to the marketplace, the effect of the user on the
direction of enterprise innovation is becoming more and
more prominent [57]. More efforts need to be made to
systematically include the user in the ecosystem, given its
increasing importance [58].

Although the parameters’ values in the simulation model
of this paper were based on existing researches and realistic
situations, further research needs to be analyzed with specific
enterprise cases to improve scientificity and rationality.

5.4. Policy Recommendations. According to the positive
implications of this paper, considering the current situation
of enterprise innovation, the following policy suggestions
have been proposed for policymakers and enterprise
managers:

(1) +e cultivation of an abiotic environment has a better
effect on the EIE heterogeneous knowledge increment
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than the cultivation of a biotic environment. In the
stage of rapid economic development in China, many
industries are still in the introduction period or
growth period. Most local enterprises rely on the
technology transfer of multinational companies to
occupy the dominant position in the market. +e
domestic enterprises’ willingness to innovate is re-
luctant due to the weak enforcement of domestic
intellectual property protection. +e government
needs to create a good political, economical, social,
and cultural environment to improve the willingness
of domestic enterprises to innovate and promote the
EIE heterogeneous knowledge increment. +e sus-
tainable and stable increment of heterogeneous
knowledge will provide winning elements to enter-
prises in future market competition.

(2) In the cultivation of an abiotic environment, the
investment of innovation elements of basic knowl-
edge and basic technology into the university and
research institutes is more beneficial to the system
development than that of the enterprises. +e local
government should encourage cooperation in the
field of R&D (research and development) between
university research institutes and enterprises. By
tracking the progress of cooperation, the policy-
maker should adjust relevant policies promptly and
promote the efficient application of innovative re-
sults. +e cultivation of service institutions is con-
ducive to the rapid exchange of heterogeneous
knowledge. Still, in regions with high homogeneity,
the cultivation of excessive intermediary service
institutes will increase the extra competition in the
market, which is not conducive to the benign de-
velopment of the IE.

(3) Considering the cost of environmental factors cul-
tivation, the government should choose different
combinations for different types of industries. +e
industries in a strategic global position, the gov-
ernment should cultivate two types of environmental
factors simultaneously without cost consideration,
promoting the rapid growth of the system knowledge
stock. When the cost becomes a certain constraint,
simultaneous cultivation of service institutions and
the abiotic environment factors is the optimal choice.
When the industries have strong market demand
while the knowledge heterogeneity demand is low,
the strengthening of service institutions will be the
most complementary innovation environment cul-
tivation strategy.
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