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Abstract: The evolution of a collaborative innovation network depends on the interrelationships 

among the innovation subjects. Every single small change affects the network topology, which 

leads to different evolution results. A logical relationship exists between network evolution and 

innovative behaviors. An accurate understanding of the characteristics of the network structure 

can help the innovative subjects to adopt appropriate innovative behaviors. This paper summarizes 

the three characteristics of collaborative innovation networks, knowledge transfer, policy 

environment, and periodic cooperation, and it establishes a dynamic evolution model for a 

resource-priority connection mechanism based on innovation resource theory. The network 

subjects are not randomly testing all of the potential partners, but have a strong tendency to, which 

is, innovation resource. The evolution process of a collaborative innovation network is simulated 

with three different government behaviors as experimental objects. The evolution results show that 

the government should adopt the policy of supporting the enterprises that recently entered the 

network, which can maintain the innovation vitality of the network and benefit the innovation 

output. The results of this study also provide a reference for decision-making by the government 

and enterprises. 

Keywords: innovation resource; collaborative innovation; network evolution; government 

behaviors 

 

1. Introduction 

With the continuous improvement of scientific and technological productivity, the highly active 

external environment is applying pressure on enterprises to make change. Thus, enterprises must 

innovate to maintain a sustainable competitive advantage [1]. However, changes in knowledge form 

and the modes of technological innovation prevent enterprises from conducting efficient innovation 

completely by relying on internal resources. This is a particularly pressing issue for China under the 

new normal of economic transformation. Most Chinese enterprises remain in the exploration phase 

of their own reform and their innovation ability is still relatively weak. To obtain external resources, 

some of them have begun to seek strategic cooperation. For example, in December 2017, three major 

automobile groups in China—the China FAW Group, the Dongfeng Motor Corporation, and the 

Changan Automobile Group—signed up to a strategic cooperation agreement. The content of the 

agreement includes forward-looking common technological innovation as well as full value chain 

operation. These innovative participants strengthen cooperation and transform the development of 

the innovation process from a linear mode to a nonlinear mode. A collaborative innovation network 

gradually takes shape by establishing contacts with enterprises, government agencies, universities, 
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research institutions, and intermediaries [2]. Along with the parallel process of technological 

innovation, the integration of innovation resources, the collaboration of innovation subjects, and the 

mainstream mode for international technological innovation have all begun to move towards 

collaborative innovation [3]. A collaborative innovation network involves benefit-sharing and 

risk-sharing of innovation activities. This plays a significant role in enhancing the controllability of 

the research and development (R&D) process and achieving resource complementarity. 

Research into the innovation network has been expanding. Zobel [4] and Rijnsoever et al. [5] 

mainly studied the innovation network from the perspectives of resources and structure. A logical 

relationship exists between the structure and innovative behaviors. The characteristic structure and 

the relationship structure determine their coordination ability, innovation ability, and adaptability. 

These capabilities, in turn, are effective in promoting knowledge sharing and information exchange. 

Gulati claimed that the strategic network structure restricts the efficiency of the internal resources of 

enterprises [6]. Gnyawali believed that the network structure enables enterprises to generate 

different motivations in response to other members’ competitive actions [7]. Enterprises can observe 

the network characteristics of the possible cooperative technology fields to choose their partner with 

the best information and technology advantages [8]. An overall innovative network can allow for an 

individual enterprise to acquire complementary innovation resources as well as to gain a 

competitive advantage. Such enterprises may then rely on these advantages to form a network 

structure that is unique to their growth. Therefore, the evolution of a network is a process that is 

gradually optimized by the internal structure. This process not only depends on the nature, location, 

and role of enterprises, but also on the interrelationships among the enterprises [9]. Thus, various 

minor changes can possibly affect the topology of the network, resulting in different evolutions. The 

growth of enterprises is accompanied by constant changes to their network size, nodes, and density 

[10][11]. Therefore, behavioral research into innovation subjects and their impact on network 

evolution could assist enterprises with the analysis of the network environment, and could provide 

theoretical guidance for the long-term rapid development and strategic layouts. Besides, such 

research could provide advice to the government agencies regarding innovation policy-making and 

thus improve the innovation efficiency of networks and enterprises. Based on the above factors, we 

primarily analyzed the behavioral rules of collaborative innovation network subjects and the 

dynamic process of network evolution, as well as established an evolution model that is based on 

the resource-priority connection mechanism. We used the model to forecast the evolution of 

collaborative innovation networks in relation to three different government behaviors. The 

simulation results provide a reference for government and enterprise decision-making. 

The structure of this paper is as follows. In Section 2, we analyze the characteristics of a 

collaborative innovation network and the behavioral rules among network subjects. In Section 3, we 

analyze a typical innovation network that operated in China, with the “One School and One Belt” 

action plan as an exploratory case. In Section 4, we establish a simulation model of a resource- 

priority connection mechanism. We then simulate the evolution process of a collaborative 

innovation network, taking different behaviors of the government as the experimental objects. 

Finally, we draw conclusions with a brief discussion in Section 5. 

2. Literature Review 

In this section, we conduct a review of the relevant literatures and emphatically analyze the 

network characteristics and the behavioral rules among subjects in the following three aspects: 

(1) Research into the collaborative innovation network. A collaborative innovation network is 

comprised of enterprises and other subjects (universities, research institutes, governments, 

intermediaries, etc.) [12]. To increase the chance of success in innovation, subjects are 

increasingly dependent on complementary knowledge from other subjects. The tendency 

towards cooperation is becoming increasingly apparent. The network innovation model of 

multi-subject interaction exhibits a nonlinear effect on system superposition through in-depth 

cooperation and resource integration [13]. Innovation is no longer a separate activity. Instead, it 

is a holistic activity that is performed by a complex network. However, when compared with a 
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general innovation network, the collaborative innovation network emphasizes knowledge 

interaction and technology transfer. It focuses more on the role that is played by the 

government and institutional environments and it emphasizes the synergistic effect and 

periodic cooperation [14]. Jianyu’s study showed that knowledge transfer and innovation 

capacity are the dominant factors in the evolution of the Chinese industry–university-research 

collaborative innovation [15]. Fernandez-Esquinas et al. explored the knowledge transfer 

mechanism of a collaborative innovation system and then categorized it into five potential 

dimensions [16]. Rehm et al. analyzed how those small-and-medium-sized enterprises (SMEs) 

use knowledge management to address the three challenges in establishing partnerships, 

integrating partner value, and positioning innovation in the formation and operation of a 

collaborative innovation network [17]. The competitive drive of a collaborative innovation 

network is reflected in the information that is received and the feedback speed of the subject’s 

innovation ability [18]. The complementary advantages and resource integration reflect 

functional collaboration [19]. Both are the major forms of the collaborative network transfer 

mechanism. 

(2) Research into network evolution. The core of innovation network evolution lies with the 

complementary resources (funding, technology, and market), member changes, preferential 

link mechanisms, and periodic cooperation [20]. Changes in the relationships within the main 

elements of a collaborative innovation network, including enterprises, universities, research 

institutions, government, and social service systems, inevitably lead to the evolution of network 

structure. Ivan reported that the cognitive distance, cognitive ability, and communication 

mechanism of the R&D innovation subject are the main factors in a collaborative network 

structure. The dynamic cooperation is formed through the selection mechanism of knowledge 

space [21]. Gay and Dousset also stated that the frequency of the entry and exit for enterprises 

leads to changes to the network, and that the time and spatial boundaries of network 

construction change as a result [22]. Correspondingly, changes to network structure can show 

the evolution process and characteristics. Xia’s research regarding information and 

communication technology industry showed that, as scale increases, the innovation network 

has obvious small-world effects and scale-free characteristics [23]. Tatarynowicz determined 

the different network structure characteristics of industries that are driven or stabilized by 

technology [24]. With changes in the network, specific characteristics are formed and 

enterprises show adaptive collaborative behavior. Van’s study found that, as knowledge 

transfer is a dynamic process, the decisions of an enterprise change according to the new 

circumstances and knowledge base [25]. This state continues over time, which leads to a 

continuous interactive iteration between the collaborative innovation behavior and the network 

structure. 

(3) Research into innovation resources. Current findings suggest that the amount of resources that 

is required for the innovation process is increasing. As a result of certain constraints, the gap 

between the resources that are owned by a single entity and those needed to conduct innovative 

activities increases [26]. Therefore, to ensure success in innovation, the key is to have a basis for 

innovation profitability, including professional manufacturing capabilities, heterogeneous 

knowledge, channels, and other innovation resources. The “innovation resource” is a new type 

of resource that consists of a series of shareable material resources and non-material resources, 

including human resources, knowledge, and technology [27]. The view on the network and 

resource is that, while providing information and knowledge resources through enterprise 

network partners, it can address the problem of resource constraints. The integration of 

resources can lead to benign resources in the business process and reduce the risk of 

participation identification and information acquisition. Due to the scarcity of resources, 

enterprises must cooperate with the external resource controllers to access the required 

resources [28]. The network contains key resources, and a common language or value system in 

the network that enables enterprises to improve their ability to exchange, integrate, and acquire 

innovative resources, such as information and knowledge [29,30]. Ritala and 
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Hurmelinna-Laukkanen’s study showed that, if enterprises collaborate with their competitors, 

their ability to access external resources improves and their resource boundaries expand. This 

facilitates the spreading, innovation, and application of knowledge [31]. Enterprises can 

consider integrating similar and complementary resources through cooperation, thereby jointly 

achieving value creation [32]. 

The strategic choice of enterprise depends on its own specific and heterogeneous resources. The 

literature illustrates that the resources, capabilities, and capital of enterprises influence their 

willingness and capability to engage in innovation. Knowledge-bound enterprises can reconfigure 

their existing knowledge or discover new knowledge to implement technological inventions in 

novel ways. Financially constrained enterprises are more likely to take risks and acquire external 

resources through open innovation, venture capital, and social strategies [33]. The structural, 

cognitive, and relational dimensions of social capital promote corporate innovation through the 

sharing, interaction, and integration of knowledge and information [34]. Therefore, the network 

participants are not randomly testing all of the potential participants, but they have a strong 

tendency to, that is, innovation resource. This tendency manifests itself in their pursuit for resources, 

which is a preferential linkage mechanism. Equivalent to the partner selection mechanism, the 

partner selection criteria include that the partners have high-intensity innovation capabilities. 

3. Exploratory Case Study 

In 2014, China promoted mass entrepreneurship and innovation, indicating that building an 

innovation-oriented country had become one of China’s strategic objectives [35]. Subsequently, local 

governments introduced policies to further implement the objective. Practice has proven that, within 

a slowing economy, the strategic decision contributed to stabilizing growth, preventing risks, and 

expanding employment. On 5 March 2019, Chinese Premier Li Keqiang delivered the government 

work report [36]. He reported that, with the deepening of mass entrepreneurship and innovation, an 

innovation situation with multi-subject collaboration had taken shape, and the innovation capacity 

and efficiency had further improved. Every day, more than 18,000 new enterprises were set up, and 

the total number of market subjects exceeded 100 million. Among them, the creation of a large 

number of innovation networks added to their own strength, such as the Beijing Zhongguancun 

Electronic Network and the Zhejiang Leather Goods Network. A network model has become a 

striking characteristic of global economies, such as Silicon Valley in the United States, the steel 

network in Germany, and the tertiary industry cluster in Italy. The network economy effect has 

become an essential source in China, and even across the world. Within some innovation networks, 

universities are integrated with governments, enterprises with universities, enterprises with 

governments, and internal enterprises with external leading enterprises, which results in positive 

connections. This sort of integration eventually evolves into a collaborative innovation network. Li 

Keqiang stated that the next major task is to continue improving the industry–university-research 

collaborative innovation mechanism and increasing international innovation cooperation. In view of 

this, we chose the “One School and One Belt” action plan as an exploratory case for study to lay a 

foundation for the subsequent simulation model. The “One School and One Belt” action plan is 

representative and it explores the national implementation of an innovation-driven development 

strategy. 

“One School and One Belt” involves the Entrepreneurship and Innovation Demonstration Zone 

of University of Electronic Science and Technology (Chengdu, China) and the Chengdu High-tech 

Zone Achievements Transformation Industry Belt, which makes full use of the electronic 

information that was obtained from the university [37]. The plan will create an entrepreneurial and 

innovative development belt with “Internet+” as the core, with advantages in the electronic field. 

The belt integrates education with training and incubation, with the aim of building up a new type 

of Internet+ innovation network. In September 2015, the Chengdu Municipal Government and the 

Chengdu High-Tech Zone Government each signed up to the comprehensive strategic cooperation 

agreement with the university [38]. The three sides jointly established a national independent 
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innovation demonstration zone. An innovation network was gradually built up with the emergence 

of new enterprises. 

The government and the university first established the network. The enterprises in the 

network are mainly reliant on the incubation of the science and technology resources of university. 

The enterprises entering the innovation network at the initial stage basically cultivate the university 

industry, under the support from the government and with the resources of the network. Enterprises 

seek connections with other enterprises through the collaborative innovation network to fully access 

external resources. With the clear purpose, they do not take the average degree as the criterion and 

care little about the number of partners that the object enterprise has. Instead, they just expect to 

acquire the resources that they need. Based on data collection and in-depth interviews, 

entrepreneurs and executives generally take the view that the amount of resources is the primary 

influencing factor in the establishment of cooperation. This is more important to a network structure 

where the industry is relatively concentrated. When choosing a cooperation object, determining the 

number of partners of the object usually makes no difference. What matters lies in whether it can 

provide corresponding resources for its own development. 

Three key bases have been presented in the network, namely the Innovation Center, the 

“Advanced Wireless Communication Co-Creation Space”, and the Cultivating Base, including a 

total of 12 integrated research teams, 29 alumni enterprises, and 157 scientific research teams in the 

three bases. In addition, there are incubation bases, innovation institutes, and other subjects in the 

network. Figure 1 shows the current evolutionary framework. These innovation subjects are 

interrelated and they constitute a collaborative innovation network. According to the case study, 

there are in excess of 200 subjects in the innovation network, and synergistic connections are in place 

among those subjects. Based on interviews and surveys, we drew an evolutionary structure sketch. 

The collaborative innovation network of Chengdu High-Tech Zone and the University preserves 

innovation and vitality. Enterprises in the network constantly acquire resources by establishing 

connections. The link density and the survival rate of new enterprises in the network are high. From 

this case, resource priority theory is shown to have a direct influence on the direction of network 

evolution. 

 

Figure 1. The current evolutionary sketch of “One School and One Belt.” 

4. Model 

Scholars have become increasingly aware of the systematicness and complexity of the 

networks. To determine the characteristics of a cooperative innovation network, they have started 
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using a system dynamics method, complex network theory, and social network analysis methods to 

further explore the mechanism of innovation networks [39]. In 1999, Barabasi and Albert were the 

first to propose a classic BA scale-free network model [40]. This made the generation and evolution 

of complex networks a popular topic. The most important contribution of the BA model is the 

proposal of two critical evolutionary mechanisms, the growth of the network, and the preferential 

connection. The fitness model [41] and the local-world evolving network model [42] have been 

subsequently introduced. 

4.1. Model Establishment 

The process of network evolution changes as enterprises pursue resources. The state of 

resources affects the process. Different network structures have different resource transfer methods 

and efficiencies, so the resource states are also different [43]. In essence, the evolution of the 

innovation network consists of the dynamic changes to the relationship configuration of its resource, 

which is the evolution of the resource structure. The existing evolutionary models mostly focus on 

the node degree of the target, which is an evolutionary method of establishing the degree-priority. 

However, the complexity of innovation networks occurs because different networks have different 

characteristics. Besides, the connection is mainly premised on permanent or long-term relationships. 

This appears to be contradictory to the characteristics of a collaborative innovation network. The 

connections between the subjects of a collaborative innovation network do not exist for a long time. 

It is a short-term cooperative form that is established at a certain period of time for the purpose of 

obtaining common interests and mutual resources. Once the cooperation is over, the connection is 

dissolved. Subjects can choose to cooperate again at the next appropriate time. This is a periodical 

cooperation. 

Thus, we established an optimal connection mechanism on the basis of innovative resources, 

distinct from the BA network evolution model and others. In a collaborative innovation network, the 

resource types and the resource ownership of the network subjects are different, as is their network 

status. When a new enterprise chooses to enter into cooperation, it needs to preferentially choose an 

enterprise from the existing network. Therefore, a significant feature of the evolution of 

collaborative innovation networks is optimal connection. Here, “Optimal” means that the amount of 

resources is considered. In general, when seeking partners, the enterprise prioritizes those with a 

large amount of resources to compensate for the resources that are required for its innovation. 

Based on the existing research and a real network environment, we established a simulation 

model following two rules. 

4.1.1. Resource-Priority Rule 

For enterprise i in the market, where i = 1, 2, …, Nt, Nt is the total number of enterprises owned 

by the market in period t. 

Define a cooperation impetus i with the other non-cooperative enterprise j: 

. (1) 

Where  represents the amount of kth resource that enterprise i does not have, but 

enterprise j has; and,  denotes the amount of kth resource that both enterprise i and j have. As 

both of them have different attraction degrees with respect to the enterprise, the second will be 

discounted, i.e., divided by a number z greater than 1. 

According to impetus , which is the probability that enterprise i selects c enterprises that are 

most willing to cooperate in the market, that is , the probability  to cooperate with the 

lth enterprise  is defined as 
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. (2) 

Except for the c enterprises, the probability that enterprise i is willing to cooperate is 0. 

Similarly, there are c enterprises with which enterprise  is willing to cooperate. Assume that 

the order of i is listed as m. The probability  that enterprise  is willing to cooperate with 

enterprise i is defined as 

. (3) 

If enterprise i is not among the c enterprises with which enterprise  is most willing to 

cooperate, then . 

4.1.2. Resource Growth Rule 

The resource growth rule refers to the constant consolidation and optimization of the 

collaborative innovation network by increasing the network nodes or establishing connection 

relationships on the basis of the initial network. An increase in network nodes means that new 

enterprises choose to join the network to acquire more resources and add new resources to the 

network. 

In the market, the absorption capacity of all enterprises is first normalized, and the normalized 

absorption capacity  of all the enterprises is 

. (4) 

If enterprises i and j cooperate, then enterprise i can absorb the amount  of the kth resource 

from enterprise j in each period: , where  indicates the amount of the kth 

resource enterprise j ownes in the initial stage of cooperation, and the conversion rate . 

If a certain resource  of enterprise i is not absorbed from any cooperative enterprise, then it 

will grow itself, and the growth result is '

t

ik
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the k’th resource of enterprise i in period t, and the efficiency of learning the resource is . 

4.2. Basic Assumptions 

A collaborative innovation network is characterized by its complexity and dynamics. Therefore, 

enterprise innovation faces not only high opportunity costs and potential market risks, but also 

various other uncertain factors, such as leaders, R&D, organizational form, policy environment, and 

complementary resources. We regarded the innovation network as a complex adaptive system and 

established a multi-subject simulation model for innovative network evolution. The network 

evolution is manifested as the change in the enterprise nodes and the inter-enterprise connection. To 

facilitate the setting of the simulation model, we neither subdivided the nature of the network 

connection, nor considered the strength of the network connection. Therefore, in the simulation 

model, the internode connection defaults to a two-way connection with a unit length and intensity of 

1. In this study, Python software was used to simulate the different government behaviors, and their 

influence on the evolution of collaborative innovation networks was studied. 

As the builders of innovation environments, local governments influence the collaboration of 

enterprises. Lihua stated that the role of local governments is indispensable in cluster upgrading and 

cluster innovation [44]. Local governments ought to play the roles as public managers, facilitators, as 

well as intermediaries [45]. They are also required to be proactive in taking participation in cluster 

innovation activities by formulating innovative policies, optimizing the innovation environment, 
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and addressing any market failures in the innovation process [46,47]. In a government–university 

collaborative network, such as One School and One Belt, the role of government in the evolution of 

the innovation network structure cannot be ignored. With government support in finance, policy, 

and environmental areas, knowledge and information can be interconnected in the innovation 

network. 

The government places its focus of existing research on exploring the role of innovation policy. 

From this perspective, the government mainly aims to effectively stimulate and drive enterprises 

toward independent innovation. Stevenson and Lundstrom claimed that government formulated 

entrepreneurial policy to encourage the creation and growth of new entreprises with the aim of 

promoting innovation [48]. The government shall first ensure the vitality of the entire innovation 

network to sustain output. Therefore, not all enterprises will be able to receive support. Here, 

government behavior is of a particular importance. Selection is concentrated on supporting 

enterprises with limited resources or those that recently entered into the network. It represents a 

realistic management proposition, and existing studies demonstrate that less research has been 

conducted into this problem. We considered different government behaviors as the experimental 

objects in the resource-priority simulation model. 

4.3. Simulation Steps 

As each stage of the enterprise requires different networks [49], the government plays an 

essential role in the early stage of network development. However, during the advanced stage, 

government involvement gradually declines, while industry associations play a major role [50]. 

Therefore, we considered the changes to innovation behavior in the initial and mature stages. 

Step 1. It is assumed that the initial market is empty and the parameters are set, as follows. 

Assume the types of resources (including a series of innovative resources such as human resources, 

information, knowledge, and technology)  in the initial stage of the innovation network. 

As the innovation resources will not be static with the development of science and technology, 

the types of resources continue to increase, assuming that each period of resources increases by one 

probability, . 

It is assumed that the number of enterprises in the initial network  and the total 

number of simulations . It is assumed that the proportion of the initial period , 

according to the theory of technological innovation diffusion curve. 

As the newly entered enterprise will have a tendency to connect with the network subject, for 

 enterprises that enter the market, each one will have 1–3 resources. The initial ownership of each 

resource is subject to the mean value , and the mean and variance of the initial 

possession of each resource are  and , respectively. 

The initial resource mean value increases with time, . 

Recently entered enterprises attempt to establish contact with those that are generally rich in 

resources, but these rich enterprises are not necessarily willing to cooperate with the new ones. 

Assume that the number of enterprises with which each resource-rich enterprise is willing to 

cooperate is c  5 each time. For enterprises, there are two motivations for cooperation: the object has 

more resources than it does and the object has resources that it does not. The resources that 

correspond to these two motivations are dissimilar, and the latter should be more significant. 

Therefore, it is assumed that the discount of the first resource relative to the second resource is z = 2. 

At maturity, government support is weaker than during the initial period. Assume that the 

initial period , the mature period , and resource learning efficiency . 

The types of government support objects are indicated by f (variable: Policy 1 indicates support 

for newly entered enterprises, policy 2 indicates support for enterprises with less resources, and 

policy 3 indicates random support). 
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Step 2. For a certain period , determine the following. If , the number of 

enterprises that are expected to enter the market,  is . Since universities in the early-stage 

period provide more scientific and technological resources, more enterprises are developing than in 

the maturity period. 

Therefore, if  (initial period), the number of enterprises entering the market  

is a random number between 6 and 10. 

If  (mature period), the number of enterprises that are entering the market  is 

a random number between 1 and 5. 

The absorptive capacity of the newly entered enterprises bi is directly proportional to the total 

amount of resources that are initially owned. To facilitate calculation, it is assumed that the 

absorptive capacity remains unchanged with time. This hypothesis does not affect the nature of 

evolution. Add  enterprises to the market. 

Step 3. Establish cooperation using Equations (1)–(3). Subsequently, according to the type f of 

government support, choose the supporting enterprises. If , support  enterprises entering 

the market in the current period. If , support enterprises with the lowest 20% of the total 

resources in the market at that time. If , randomly select 20% of the enterprises whose total 

resources are not in the top 20% to support. 

If enterprise i is supported by the government, then the probability of establishing a 

cooperative relationship between enterprise i and enterprise  is defined as

 where s is the government’s support. If  (initial 

period), . If  (mature period), . If , . 

Based on this probability, whether the two enterprises cooperate is determined. If cooperation 

occurs, then the cooperation time  is a random number between 2 and 5. 

Step 4. Have cooperative enterprises interact using Equation (4). 

Step 5. After setting the parameters in Step 1, repeat Steps 2–4 if per cycle t = t + 1, until t = T. 

5. Simulation Results and Discussion 

According to the network evolution model that is proposed in this paper, simulation 

experiments were conducted with different government behaviors. The results are described in the 

following five subsections. 

5.1. Changes in the Number of Innovative Network Enterprises 

Figure 2 shows the changes to the number of innovative network enterprises. The following can 

be seen from the simulation results. (1) Under the three policies, the change to the number of 

enterprises shows some variations between the initial and mature stages. The initial and mature 

stages of policies 2 and 3 both increase, while the growth rates vary. This illustrates that the change 

in government support exerts large impact on the initial and mature stages. The rate of enterprises 

entering the network decreases due to the reduction in support intensity. With the growth of the 

network, the number of enterprises gradually increases. However, the entry rate of the two policies 

is consistent, which illustrates that only an insignificant difference exists between them in reality. 

When the number of enterprises infinitely increases, a large network forms. Oligopolistic enterprises 

are then inevitably generated due to constant resources, and such an environment is not necessarily 

conducive to the development of emerging enterprises. (2) Under policy 1, the number of enterprises 

in the initial stage and the mature stage is broadly consistent. This indicates that, with the 

continuous entry of enterprises, the scale of the cooperation network remains the same and the 

enterprises are constantly updated. Enterprises are constant to collaborate periodically to produce 
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innovation. The dynamic network is more beneficial and more conducive in maintaining innovation 

vitality. 

 

Figure 2. Change in the number of innovative network enterprises. 

5.2. Innovation Network Average Transformation 

Figure 3 shows the innovation network average transformation. The following can be seen from 

the simulation results: (1) Policies 2 and 3 show a downward trend. Both stabilize at a low value after 

entering the mature period. This suggests that, after entering the maturity period, the cooperative 

networks corresponding to these two policies are large in scale, but the cooperation is not dense. 

There are plenty of enterprises in the network, but there is little cooperation or only some 

cooperation among several large enterprises. (2) The policy 1 average oscillates, and the peak in the 

maturity period is higher than that of the other two policies, indicating that new enterprises are 

constantly entering the cooperative network. When they first enter the network, they will decrease 

the network average. However, the network resources will facilitate the growth of these enterprises, 

for which the average network will rise. At the end of the cooperation period, the cooperation 

discontinues. New enterprises then enter, and so on. With the support of the government, different 

enterprises innovate through network resources and achieve self-growth. Such an innovative 

environment is conducive to the advancement of high-tech industries and the development of 

emerging enterprises. 

 

Figure 3. Innovation network average transformation. 

5.3. Innovation Network Historical Average Transformation 

Figure 4 shows the innovation network historical average transformation. The following can be 

seen from the simulation results. (1) The histories of policies 2 and 3 exhibit a slow growth trend, on 
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average, remaining broadly unchanged after the maturity period. This also indicates that, although 

the collaborative innovation network is large in scale, the cooperation density between the entities is 

low. (2) The historical average of policy 1 rapidly grows, especially after the maturity period. After 

the government’s support is reduced, a large historical average growth occurs. This shows that, 

under this policy, when government support is reduced, the vitality of network innovation 

continues to be maintained, and a high cooperation density exists among the subjects. The result of 

this experiment is similar to the average transformation in Section 5.2. 

 

Figure 4. Innovation network historical average transformation. 

5.4. Innovation Network Average Age Change 

Figure 5 shows the change in innovation network average age. The following can be seen from 

the simulation results: (1) For policies 2 and 3, the life span for the existing enterprises in the 

network is constantly on the increase, for which they continuously absorb network resources and 

the ones of new enterprises. Inevitably, this leads to an oligopoly. (2) For policy 1, the average age of 

enterprises in the network is lower and the growth rate is lower. This illustrates that enterprises in 

the network are relatively young. This does not indicate a short life span for enterprises. Instead, it 

signifies that the enterprises do not occupy an important position in the network all the time. This 

result illustrates that the update speed is faster than that of the other two policies. 

 

Figure 5. Innovative network average age transformation. 

5.5. Evolution of the Innovation Network 
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We conducted point-to-point experiments with network connections, and the results are 

presented in 10 periods under the three policies. Figures 6–8 each present the connection changes 

from policies 1 to 3, respectively. 

     

     

Figure 6. Innovation network evolution map of Policy 1. 

     

     

Figure 7. Innovation network evolution map of Policy 2. 

     

     

Figure 8. Innovation network evolution map of Policy 3. 

The results of the collaborative innovation network evolution process could demonstrate the 

following: (1) Under policies 2 and 3, many enterprises exist in the network and the network has a 

relatively rich link density. However, it is primarily concentrated in several resource-rich 

enterprises. This environment is not conducive to the development of those 

small-and-medium-sized enterprises (SMEs), which further illustrates the emergence of oligopolistic 

enterprises. This state will gradually homogenize the resources in the network. The resources of 
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SMEs will be used, so they gradually lose their value and are eventually eliminated. (2) Under policy 

1, the links between various entities in the network are relatively uniform, and a certain proportion 

of cooperative relationships is preserved for a long time, which is conducive to collaborative 

innovation within the network. With the continuous entry and exit of enterprises, the innovation 

vitality within the network is constantly maintained. With the continuous absorption of resources 

inside and outside the network by the enterprises, the objective of collaborative innovation is 

achieved. 

6. Conclusions 

In the process of network evolution, universities integrate with governments, enterprises with 

universities, enterprises with governments, and internal enterprises with external leading 

enterprises. Meanwhile, latecomers all gradually merge to build up a collaborative innovation 

network. We proposed three important characteristics of collaborative innovation networks, 

including knowledge transfer, policy environment, and periodic cooperation through a literature 

review. Based on network theory and the network evolution method, a resource-priority simulation 

model was established based on the analysis of evolution motivation. We chose the “One School and 

One Belt” action plan as an exploratory case for study, and then examined the resource-priority 

mechanism and the role of government in the evolution. This model uses resource acquisition as the 

driving force of network evolution, which aligns with the realistic environment. The government 

and universities have advantages in innovation resources, management consulting, and policy 

preference. Therefore, they can attract many new enterprises to join the network and establish close 

cooperative relations with existing enterprises. Thus, the government and universities in the 

network become the link between existing enterprises and new enterprises, and they play a decisive 

role in making strategic decisions to promote the evolution of the network and the development of 

the industry. Through the simulation model, different behaviors of the government are treated as 

the experimental objects. The results reveal that these policies have varying influences on the 

innovation network, as well as on the enterprises themselves. Policy 2 chooses 20% of enterprises 

that support the minimum amount of resources, and policy 3 randomly selects 20% of enterprises 

that support the bottom 80% of resources. In this case, these two strategies are relatively consistent, 

and the difference only lies in the amount of resources for the selected object. Therefore, policies 2 

and 3 have relatively similar simulation results. These two policies increase the size of the network, 

and the number of enterprises grows indefinitely. Although there are some connections in the 

network, most are concentrated on a few oligarchs. As the average degree of the network gradually 

decreases, the oligarch enterprises constantly digest and absorb the scarce resources of new 

enterprises and lead to a monopoly. After the new enterprise’s resources become unavailable, they 

gradually disappear from the network. Therefore, policies 2 and 3 are not conducive to the 

development of collaborative innovation networks. For policy 1, the network scale will not 

significantly increase and it is basically maintained at a certain level. The enterprises in the network 

are constantly updated, and the network innovation vitality will be preserved in a relatively active 

state. In policy 1, the historical average of the network grows rapidly. It is especially the case after 

the maturity period, when government support is reduced and a large historical average growth 

occurred. This suggests that, under this policy, when the strength of government support declines, 

the vitality of network innovation continues to be maintained, and a high cooperation density 

remains among the subjects. Under the support of the government, enterprises can enter the 

network, fully absorb the network resources, and develop their self-innovation ability. Enterprises, 

in accordance with the cooperation agreement, continue to join and exit, and they can stick to 

resource sharing. No monopolistic enterprises occupy the core position of the network for a long 

time and drain the network resources. Such an environment is more beneficial for industries that 

need to maintain high-tech aspects. Finally, the collaborative innovation network integrates the 

knowledge network, the technology network, the resource network, and the service network. The 

members of the network incrementally change. The relationships among the subjects change as the 
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network position changes. Thus, the network ecology is continuously improving itself and 

constructing the network, with innovation being maximized. 

Besides, the research in this paper provides some management information for government and 

enterprises. The leading role ought to be acknowledged, in terms of, for example, overall planning, 

policy support, and supporting services, which the government plays. Government behaviors can 

assist in reducing the trust cost that is incurred from the heterogeneity of enterprises and the risks of 

technology spillover, resource loss, and information distortion. By choosing sensible supporting 

policies and establishing perfect system, the government can eliminate the resistance that is 

encountered by enterprises at the initial stage to some extent, in order to facilitate the smooth 

implementation of collaborative innovation activities. As the enterprises own different knowledge 

absorbing capacity and innovative resources, the government behaviors cannot remain invariable. It 

should also be differentiated in the initial and mature stages for enterprises. In particular, attention 

shall be paid to the transformation from the former mode of jurisdiction to the mode of network 

governance. At this time, the characteristics of the network and the demands from the subjects 

should be fully considered. As far as a collaborative innovation network is concerned, it signifies the 

establishment of a sensible collaborative innovation mechanism. The construction of a collaborative 

innovation mechanism should not only consider the internal conditions for enterprises to produce 

innovative behaviors, but also combine with the external conditions of innovative activities. When 

the government selects enterprises to support, it should focus on supporting those that are new to 

the innovation network. The incumbent companies accept these enterprises, as they potentially have 

resources that are lacking in the network. The government should choose to support these 

enterprises so that the network always preserves innovation vitality, fully absorbs the innovation 

resources of the enterprises outside the network, and enables the whole network to gain a unique 

competitive advantage. Meanwhile, according to the characteristics of the networks and enterprises, 

the government ought to consider different supports through single or combined ways, such as 

R&D subsidies, tax incentives, and government procurement. Enterprises can then, fully and in a 

timely manner, access network resources, effectively improve their innovation ability, reduce the 

time that is required to search for partners’ behaviors or learn from their advanced experience, and 

significantly improve the efficiency of innovation. For enterprises, it is necessary to enhance their 

consciousness of innovation and reinforce their formal and informal communication with other 

enterprises by optimizing the knowledge structure and improving the level of knowledge 

acquisition. It enables the enterprises to absorb more overflow knowledge and thus improve the 

income of knowledge resources. Under the leadership of the government, enterprises are required to 

conduct a strategic deployment that is guided by the market and driven by innovation. This requires 

enterprises to conduct an accurate analysis of the characteristics and resources of the innovation 

network, select suitable enterprises for collaborative innovation, and achieve self-growth. 

Finally, when considering the limitations that are posed by academic and research conditions, 

our work has the following limitations: the collaborative innovation network is only one type of 

innovation network. It is assumed that, under government–university cooperation, innovation 

resources among subjects are transparent. To further promote other innovation networks, the 

complexity of different networks shall be taken into consideration. The simulation model requires 

further validation through empirical research. 
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