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Abstract: Since the United States, the European Union, China, and other countries put forward the
development strategy of Internet of Things (IoT), it has been growing rapidly, leading to industrial
restructuring and the sustainable development of various industries. Not only can collaborative
innovation of the IoT industry accelerate R&D efficiency and product substitution frequency of IoT
infrastructure, but also it can promote the construction of smart cities, the application of Big Data
and Cloud Computing, and the development of 5G. In China, government is a leader and initiator of
IoT infrastructure deployment. Therefore, in this paper, we construct an evolutionary game model
of the IoT industry under government leadership represented by government, telecom equipment
manufacturers, and telecom operators. Then, we analyze the asymptotic stability, equilibrium
stability, and evolutionary stability strategy of the model. Finally, we carry out numerical simulation
to investigate the effect of eight factors and four mechanisms on evolutionary behaviors of the
three parties. The results show each factor has a different influence on them. Evolutionary game
model offers ideas for government and industry subjects before the collaborative innovation of IoT
infrastructure deployment in practice.

Keywords: collaborative innovation; evolutionary game; government leadership; IoT infrastructure;
the IoT industry

1. Introduction

The Internet of Things (IoT) is a global network infrastructure that connects all elements and
objects through perception, identification, communication, interaction, and other ways [1,2]. It realizes
the comprehensive integration of information and physical infrastructures, and has become one of
the main trends affecting the development of the information technology domain. Not only does IoT
improve our life standard by saving time and money, but it is applied to various fields, such as improving
medical services, ensuring fire safety, increasing logistics sufficiency, controlling food safety, and building
smart cities [3–5]. Besides, it is partly complementary with Big Data and Cloud Computing [6]. A large
amount of diverse and unstructured information can be collected through sensors and actuators, to lay a
foundation for the application and sustainable development of Big Data and Cloud Computing [7].

Nowadays, China is no longer the cheapest labor market or the leader in the high-tech domain.
Although there are several achievements in aerospace, logistics, and transportation, the Chinese
government still faces many risks and challenges in the implementation of the “Made in China
2025” strategy [8]. IoT, which is integrated into manufacturing process, is one of key drives of
the fourth industrial revolution to deal with these difficulties effectively [9]. Weiser indicated
traditional internet infrastructure would be replaced by interconnected “smart” objects in a pervasive
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computing environment [10]. Miorandi et al. further presented that it would turn into global IoT
infrastructure through information sharing and transmission channels [1]. In 2017, the Chinese
government put forward that it was necessary to accelerate upgrading information infrastructure and
deploying IoT infrastructure for the construction of the cyber-power. IoT infrastructure deployment
plays an important role in boosting domestic demand, promoting employment, and leading
industrial upgrading.

Market economy in China is based on the combination of market mechanism and government
mechanism. Market mechanism allocates resources through competition to realize the law of
value. It has the advantages of spontaneously reducing transaction cost, balancing the relationship
between supply and demand, and promoting technological innovation. However, it also has external
effects, information asymmetry and other disadvantages. Due to the shortage of market mechanism,
government mechanism ensures the coordinated development of economy, society, culture, and ecology
through administrative decrees, financial appropriation, and other means. Telecom infrastructure,
which improves the quality of life or makes government more efficient, is deployed under government
leadership in China. It is not determined by enterprises or whether the business is profitable or
not. This is the effect of government mechanism. For example, 4G technology is fully developed at
present. The Chinese government put forward that it planned to make 4G infrastructure deployment in
remote administrative villages, key boarder areas, and islands through local government coordination
and policy support. It would provide important basic support for rural revitalization and poverty
alleviation, and lay a sound foundation for building a moderately prosperous society in all respects.
Most of the IoT products, such as smart transportation and smart water utilities, are telecom
infrastructures. However, IoT technology has just been emerged for a dozen years, and is not so fully
developed as 4G technology. The Chinese government strongly supports governments at all levels
to deploy IoT infrastructure on a pilot. Government uses both market mechanism and government
mechanism for new technologies. On one hand, market mechanism plays a fundamental role. On the
other hand, government mechanism has a leading, regulating, and supporting effect on emerging
industries to promote the vigorous development of new technologies. Yinchuan government issued the
project that would promote the construction and application of NB-IoT, 5G, and other next-generation
communication technologies of China Mobile. China has been the second largest economy in the
world. However, it remains a large developing country with unbalanced regional development.
Due to local economy and other factors, this could lead to a different focus for governments in
regard to IoT infrastructure deployment. The government, where local economy does not go well,
wants to change the current situation to overtake around the curve. It cares more about funding.
On the contrary, the government with high fiscal revenue is more concerned about expected social
benefit. There is another situation. The government, who receives the tasks in this respect from the
top, is likely to consider both funding and expected social benefit. In addition, IoT infrastructures
are complex products and systems, which are customized products and contain a great deal of
innovation. Government is just a leader and initiator, who needs innovative parties to build IoT
infrastructure. What kinds of partners should it choose and how should it coordinate partnerships?
Further, government is also a client, who just knows about the general requirements of infrastructure,
but makes nothing of the details. How should it play the role and what should it provide in the
deployment of IoT infrastructure?

IoT infrastructure deployment needs technology and products above. In 2010, the Chinese
government confirmed the IoT industry as a strategic emerging industry, which has novel
products. It not only facilitates the rapid development of communication industry, but also
drives the industrial structure adjustment and sustainable development of vertical industries
and various sub-industries within the industry. Economic development in China is shifting
from factor-driven or investment-driven to innovation-driven. Innovation-driven development
can not only improve the overall productivity level and the quality and efficiency of economic
growth, but also reduce resource consumption and improve the ecological environment to achieve
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sustainable development. The innovative development of IoT has entered the industrial explosion
period of cross-border integration, integration innovation, and ecological acceleration. It combines
traditional industries to change development patterns and improve industrial competitiveness,
and accelerates the development of other emerging industries, such as blockchain and edge computing.
Therefore, the innovative development strategy of the IoT industry is an important guarantee to build
an innovative country. Furthermore, mastering industrial core technology is the key to the IoT industry.
For instance, Newland chooses independent innovation on the security of 2-dimensional bar code
technology for equipment cost and the initiative in the IoT industry [11]. However, in the era of
internet and even IoT, with the deep integration of information and communication technology and
other industries, enterprises are increasingly looking for collaborative innovation to reduce market
uncertainty and high risks brought by innovation. Synergistic theory is the evolution of self-organizing
system from disorder to order, i.e., the synergistic effect among subsystems generates the specific
structure and function on the macro-level [12]. Collaborative innovation provides an opportunity for
enterprises to explore outside. Based on internal knowledge, enterprises seek suitable partners to
acquire external knowledge. They further integrate knowledge and resources, so as to explore new
technologies and promote technological innovation [13,14]. Collaborative innovation takes various
forms, e.g., network, agglomeration, and alliance [15–17]. Former researchers applied all kinds of
methods to study it in various domains [18–23]. Industrial collaborative innovation has become a
main factor to improve the competitiveness of the IoT industry and transform it from low-end to
high-end [17]. Lu and Zhou regarded the IoT industry as an innovation system with the theory of
multiply factor linkage of the innovation system, and further divided it into three subsystems, which
were not only interconnected internally, but strongly interacted with each other [24]. Jiao et al. applied
the evolutionary game theory to divide the collaborative innovation network development of the
IoT industry in China into three stages: no dominant role, government dominant role, and alliance
dominant role [25]. Shao and Lv used the symbiosis theory to study the collaborative innovation of
the IoT industry led by telecom operators [26]. Yu et al. analyzed the relationship between IoT alliance
and innovation with the theory of resource dependence, and found IoT alliance could promote product
innovation and process innovation in IoT enterprises [27]. All in all, former researchers have applied
different theories and methods to study modes and approaches of collaborative innovation about IoT.
However, there are few studies on how to reach the consensus of collaborative innovation of the IoT
industry under government leadership, especially involving the IoT infrastructure. Besides, the IoT
industry has a huge industrial chain with unbalanced partial development. How should firms in the
industry distribute benefit and what guarantees should they adopt?

Evolutionary game theory is derived from the evolution of biological population, and follows the
natural laws and survival rules. It analyzes how parties with limited information play dynamic games
based on established benefits [28]. Throughout all stages of dynamic game process, each party chooses a
strategy by copying, learning, or inheriting, in order to make an optimal decision, which affects his/her
income, respectively. The income depends more on frequencies of group strategies. Their frequencies
change along with the income until they achieve the equilibrium states, respectively [29]. Evolutionary
game theory is based on finite rationality, which is more in line with the reality than complete
rationality [30]. Its core concepts are evolutionary stability strategy (ESS) and replicator dynamics.
They can explain social and economic phenomena through evolutionary dynamic process [28].
Evolutionary game theory can analyze the evolution process in collaborative innovation of strategic
emerging industries [31]. Therefore, evolutionary game theory can try to settle the matters above.
That is, it is able to work out how to reach an agreement on collaborative innovation of the IoT industry
under government leadership.

The first year of 5G has approached in China. 5G technology commercialization will describe a
vision of global IoT with lower costs and lower energy consumption by supporting a large number of
devices. Besides, 5G technology will be an important promoter in IoT, for the large-scale deployment of
IoT infrastructure may transform the mobile value chain [32]. Meanwhile, some regions in China will
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carry out orderly frequency clearing and the withdrawal of 2G/3G network, whose base stations can be
transformed to apply for IoT. Therefore, the research has certain theoretical and practical significance
for IoT infrastructure innovation. Therefore, in this paper, we establish an evolutionary game model
and discuss the factors, which influence collaborative innovation of the IoT industry under government
leadership. We list eight factors to summarize the four mechanisms, i.e., urban planning, government
intervention, distribution, and punishment, to speed up the pace of IoT infrastructure innovation.

The remainder of this paper is structured as follows. In Section 2, we analyze strategic choices of
the IoT industry in collaborative innovation under government leadership. Section 3 describes the
hypothesis and analysis of its evolutionary game model. In Section 4, we make numerical simulation
and analysis based on the actual situation of the IoT industry under government leadership in China.
The last section draws the conclusions and implications, and presents some suggestions.

2. Strategic Choices

2.1. The Parties in the Evolutionary Game

The IoT industry does not have a unified definition due to its wide range of applications. In the
perspective of industrial division of labor, the IoT industry consists of manufacturing part and service
part [33]. The former mainly involves the hardware, e.g., R&D and production of products and sales of
terminal equipment and network equipment. The latter mainly involves the software, e.g., software
development, application integration, and platform services. IoT industry main bodies in China
include terminal equipment manufacturers, telecom equipment manufacturers, network operators,
software and application developers, system integrators, and operation and service providers. Terminal
equipment manufacturers are enterprises who product terminal equipment. The products are
mainly applied in data acquisition. Telecom equipment manufacturers are firms mainly engaged
in R&D, production, sales, and services of telecom equipment, especially communication modules.
Telecom operators are telecommunication service companies that provide information communication
channels. Software and application developers provide software and solutions for specific trade.
System integrators provide manufacturers solutions through the integration of hardware and software.
Operation and service providers offer various services to clients. These partners in collaborative
innovation network are the key to the success of product and technology innovation [14]. Government
in China often makes policies, offers services to guide industrial development, and decides whether
to build infrastructure. In terms of technology and products applied to IoT base stations, in this
paper we select three typical representatives: government, telecom equipment manufacturers (TEM),
and telecom operators (TO).

In the national innovation system, government plays an important role in improving industry
competitiveness and innovation, because the market cannot provide sufficient incentives for knowledge
production [34,35]. Government intervention affects industrial R&D and innovation. It can provide
enterprises resources, information, and other supports, through formulating policies and carrying
out supervision, to reduce risks and uncertainties in industrial innovation. Besides, government in
China is not only a leader, but also an initiator and client that has the right to make decisions to
deploy IoT base stations. On one hand, government needs to promote work efficiency, increase fiscal
revenue, and acquire job promotion. On the other hand, government may have no ability to make it,
because of economic (fiscal revenue) or other factor. There are the two main types of governments.
According to the amount of funds, the government with low fiscal revenue has two strategic choices:
holding on and giving up deploying IoT base stations. The government with high fiscal revenue has
only one strategic choice: holding on. It takes notice of expected social benefit. In order for it to make
corresponding decisions through the threshold of expected social benefit for beneficial economic cycle
and time saving, we assume that it has another strategic choice: giving up. Therefore, strategic choices
of either government above can be divided into two ways: holding on and giving up deploying IoT
base stations, because the government is not an innovative entity. Holding on it means the government
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takes part in collaborative innovation to make corresponding policies, carry out supervision, and provide
services to the others. Giving up it means the government does not participate in collaborative innovation
to offer any services to the others. In a nutshell, strategic choices of either government can be divided into
two-way participation and non-participation in collaborative innovation.

Telecom industry is a technology-intensive industry with short life cycles and fast elimination rates
of products. Manufacturing IoT dedicated chips, modules, and equipment needs constant innovation.
IoT infrastructure also involves many vertical industries. The requirements for its positioning function,
mobility management, and security mechanism are different in various application environments.
As these devices and services need unified protocols and standards, collaborative innovation of the
IoT industry will reduce the difficulty in R&D. In 2016, the GSMA, together with Huawei, Vodafone,
and other equipment manufacturers and operators, launched the NB-IoT Forum, aiming to expand
the innovation and application of alliance members in the field of IoT, and promote the sustainable
development of the IoT industrial chain. Huawei has set up several IoT Open Labs with many
operators around the world, to provide services for the partners, covering public facilities, Internet
of cars, industrial manufacturing, and other fields. Therefore, TEM and TO are innovative subjects,
who play a key role in R&D and product substitution of IoT infrastructure, like NB-IoT network,
whereas TEM and TO are the enterprises for profit, they will give up collaborative innovation if there
are no profit to earn. Therefore, the strategic selections of TEM and TO can be divided into two-way
participation and non-participation, respectively. TEM within collaborative innovation can perform
product and technology innovation. TEM outside it can utilize the other’s technology to innovate.
The performance of TO is the same as that of TEM.

2.2. The Game among the Parties

After the above analysis, there are the three typical representatives in the evolutionary game
model: government, TEM, and TO. Each party has two different strategic choice: participation and
non-participation, respectively. The game among the parties are as follows.

Government is an initiator and client of the IoT infrastructure deployment. It just wants the
quantity of IoT base stations that meet basic requirements, and provides reasonable subsidy. However,
these may increase innovation risks for TEM/TO. Besides, the government may not, or postpone
to offer, necessary help, such as land capacity map or other agreement. It increases difficulty of
innovation for TEM/TO. TEM/TO will weigh the gains and losses to choose the corresponding
strategic choice. In turn, TEM/TO demands the subsidy that may be over the government’s budget.
Or IoT infrastructure may not bring corresponding social benefit. The government will think twice.

TEM and TO are innovative parties. In China, TO are state-owned enterprises, who have a huge
scale and relatively stable operating income. Most TEM are small and medium-sized enterprises,
who face a great risk during innovation. Therefore, how to distribute government subsidy and benefit
will have an impact on their strategic choices, respectively.

In conclusion, TEM and TO are producers, who follow the market mechanism. They are in charge
of R&D and innovation of products through technical cooperation and coordination. Government
takes advantage of government mechanism to assists producers to make up for the deficiencies of
market mechanism. In this way, the collaborative innovation system is constructed with enterprises
as the innovative subjects and government as the impetus. Figure 1 displays the evolutionary game
diagram of the government, TEM, and TO in collaborative innovation.
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Figure 1. The evolutionary game diagram of the government, telecom equipment manufacturers
(TEM), and telecom operators (TO) in collaborative innovation.

3. Model

As the main bodies of the collaborative innovation system, the government, TEM, and TO follow
market mechanism and government mechanism. In the case of information opacity, there will be
various shortcomings, such as profit seeking or policy failure. Evolutionary game theory helps
participants understand the dynamic process of group evolution and explain why and how the group
achieves the state. It has no need for complete rationality and information transparency. Meanwhile,
governments at all levels, TEM, and TO are numerous in China and they can continuously learn.
Therefore, an evolutionary game model can analyze the evolution process of collaborative innovation
of the IoT industry under government leadership.

3.1. Assumption and Payoff Matrix

In the evolutionary game model, we hypothesize that the government, TEM, and TO are regarded
as a system in the environment with effective government and efficient market. TEM and TO are in
charge of product development and technology innovation, which are applied in IoT infrastructure.
The government takes care of subsidy, supervision, and other services. The three parties are all limited
rational and have found the optimal strategic solution through multiple games. Table 1 shows the
parameter assumptions of cost, benefit, subsidy, and penalty.

The three parties have two kinds of strategic selections in the model, respectively. We set
x (0 < x < 1), y (0 < y < 1), and z (0 < z < 1) as the frequencies of the government, TEM, and TO going in
for collaborative innovation, respectively. Correspondingly, the frequencies of the government, TEM,
and TO dropping out of collaborative innovation are 1 − x, 1 − y, and 1 − z, respectively. Table 2
demonstrates the pay-off matrix of the evolutionary game for collaborative innovation of the IoT
industry under government leadership.

Table 1. Parameter assumption.

Assumption Parameter Description

Cost

CG The cost of the government in collaborative innovation

C The total cost of TEM and TO in collaborative innovation

α(0 < α < 1) The proportion coefficient of the cost of TEM in C

S The reduction of C in tripartite collaborative innovation

Benefit

RG The social benefit in collaborative innovation only containing TEM and TO

γ(1 < γ) The ratio of the social benefit in tripartite collaborative innovation and RG

R1 The benefit of TEM before collaborative innovation

R2 The benefit of TO before collaborative innovation

n(0 < n) The number of IoT base stations
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Table 1. Cont.

Assumption Parameter Description

Benefit

∆R The benefit of an IoT base station

β(0 < β < 1) The proportion coefficient of the benefit of TEM in the total benefit of TEM
and TO in collaborative innovation

RM
The benefit of TO outside collaborative innovation, who utilizes some
technology from TEM within it

RO
The benefit of TEM outside collaborative innovation, who utilizes some
technology from TO within it

Subsidy/
Penalty

G The amount of government subsidy in collaborative innovation

δ(0 ≤ δ ≤ 1) The proportion coefficient of the subsidy to TEM in G

θ(0 < θ < 1) The proportion coefficient of the compensation of TEM within collaborative
innovation by TO outside it in C

ρ(0 < ρ < 1) The proportion coefficient of the compensation of TO within collaborative
innovation by TEM outside it in C

2GL/GL
The compensation of the government by TEM and/or TO outside
collaborative innovation

Table 2. The pay-off matrix of the evolutionary game model.

Government Within (x) Outside (1 − x)

TEM

Within
(y)

γRG − CG − G, GL − δG− CG, RG, 0,

R1 + nβ∆R + δG −
α(C− S),

R1 + θC + δG −
α(C− S), R1 + nβ∆R− αC, R1 + θC− αC,

R2 + n(1− β)∆R+(1−
δ)G− (1− α)(C− S) R2 +RM− θC−GL

R2 + n(1− β)∆R−
(1− α)C R2 + RM − θC

Outside
(1 − y)

GL − (1− δ)G− CG, 2GL − CG, 0, 0,

R1 + RO − ρC− GL, R1 − GL, R1 + RO − ρC, R1,

R2 + ρC + (1 − δ)G −
(1− α)(C− S) R2 − GL R2 + ρC− (1− α)C R2

TO Within (z) Outside (1 − z) Within (z) Outside (1 − z)

3.2. Expected Revenue Function and Replication Dynamic System

According to Table 2, the participation, non-participation, and average expected revenue functions
of the government are UG1, UG2, and UG, respectively. We can obtain

UG1 = yz(γRG − CG − G) + y(1− z)(GL − δG− CG)

+(1− y)z[GL − (1− δ)G− CG] + (1− y)(1− z)(2GL − CG).
(1)

UG2 = yzRG. (2)

UG = xUG1 + (1− x)UG2. (3)

Similarly, the participation, non-participation, and average expected revenue functions of TEM are
UM1, UM2, and UM, respectively. The participation, non-participation, and average expected revenue
functions of TO are UO1, UO2, and UO, respectively. We can obtain

UM1 = xz[R1 + nβ∆R + δG− α(C− S)] + x(1− z)[R1 + θC + ρG− α(C− S)]
+(1− x)z(R1 + nβ∆R− αC) + (1− x)(1− z)(R1 + θC− αC).

(4)
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UM2 = xz(R1 + RO − ρC− GL) + x(1− z)(R1 − GL)

+(1− x)z(R1 + RO − ρC) + (1− x)(1− z)R1.
(5)

UM = yUM1 + (1− y)UM2. (6)

UO1 = xy[R2 + n(1− β)∆R + (1− δ)G− (1− α)(C− S)] + (1− x)(1− y)[R2 + ρC− (1− α)C]
+x(1− y)[R2 + ρC + (1− δ)G− (1− α)(C− S)] + (1− x)y[R2 + n(1− β)∆R− (1− α)C].

(7)

UO2 = xy(R2 + RM − θC− GL) + x(1− y)(R2 − GL)

+(1− x)y(R2 + RM − θC) + (1− x)(1− z)R2.
(8)

UO = zUO1 + (1− z)UO2. (9)

Replication dynamic equations of the government, TEM, and TO are FG(x), FM(y), and FO(z),
respectively. We depict the objective functions as

FG(x) = dx/dt = x(UG1 −UG). (10)

FM(y) = dy/dt = y(UM1 −UM). (11)

FO(z) = dz/dt = z(UO1 −UO). (12)

Equations (1) and (3) are combined to obtain Equation (10). Equations (4) and (6) are combined to
obtain Equation (11). Equation (12) is obtained in the combination of Equations (7) and (9). Therefore,
we obtain the replication dynamic system of the government, TEM, and TO in the combination of
Equations (10)–(12), which can be depicted as

FG(x) = x(1− x)h(y, z)

FM(y) = y(1− y)g(x, z)

FO(z) = z(1− z) f (x, y)

. (13)

where f(x,y), g(x,z), and h(y,z) are specific as

f (x, y) =x[(1− δ)G + GL + (1− α)S] + y[n(1− β)∆R− RM]− [(1− α− ρ) + y(ρ− θ)]C. (14)

g(x, z) =x(δG + GL + αS) + z(nβ∆R− RO)− [(α− θ) + z(θ − ρ)]C. (15)

h(y, z) =yz(γ− 1)RG + (2− y− z)GL − [yδ + z(1− δ)]G− CG. (16)

3.3. Equilibrium Stability and ESS

According to system Equation (13), we have sixteen equilibrium points when FG(x) = FM(y) =
FO(z) = 0. There are eight special equilibrium points, i.e., E1 = (0, 0, 0), E2 = (0, 0, 1), E3 = (0, 1, 0),
E4 = (0, 1, 1), E5 = (1, 0, 0), E6 = (1, 0, 1), E7 = (1, 1, 0), and E8 = (1, 1, 1). They constitute the
boundary of the solution domain. In addition, there may be eight local equilibrium points, that is,
E9 = (x9, y9, z9), E10 = (x10, y10, z10), E11 = (0, y11, z11), E12 = (1, y12, z12), E13 = (x13, 0, z13), E14 =

(x14, 1, z14), E15 = (x15, y15, 0), and E16 = (x16, y16, 1).
We analyze equilibrium stability and ESS of these sixteen equilibrium points. According to

system Equation (13), the derivatives of FG(x), FM(y), and FO(z) are F′G(x), F′M(y), and F′O(z),
respectively. We can obtain 

F′G(x) = (1− 2x)h(y, z)

F′M(y) = (1− 2y)g(x, z)

F′O(z) = (1− 2z) f (x, y)

. (17)
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When E(x∗, y∗, z∗) equals E9 to E16, respectively, at least two of F′G(x), F′M(y), and F′O(z) are equal
to zero. The linearization theorem cannot apply in this situation. According to its phase diagram,
the system approaches the equilibrium point from the left of x∗, y∗, or z∗, but escapes the equilibrium
point to the right of x∗, y∗, or z∗, and vice versa. As a result, E(x∗, y∗, z∗) is not asymptotically stable.
That is, E9 to E16 is neither asymptotically stable, nor the ESS, respectively [36]. When E(x∗, y∗, z∗)
equals E1 to E8, respectively, none of F′G(x), F′M(y), and F′O(z) equal zero. According to the linearization
theorem, E(x∗, y∗, z∗) is asymptotically stable, i.e., E1 to E8 is asymptotically stable, respectively [36].

According to the linearization theorem and the method proposed by Friedman, if both an
equilibrium point and its linearization are asymptotically stable, no eigenvalue of the Jacobian matrix
has strictly positive real part [28,36]. We can obtain the ESS of system Equation (13) after local stability
analysis of the system Jacobian matrix, which can be expanded

J =

 F′G(x) x(1− x)h′y(y, z) x(1− x)h′z(y, z)
y(1− y)g′x(x, z) F′M(y) y(1− y)g′z(x, z)
z(1− z) f ′x(x, y) z(1− z) f ′y(x, y) F′O(z)

 . (18)

where h′y(y, z) and h′z(y, z) are partial derivatives of h(y, z), g′x(x, z) and g′z(x, z) are partial derivatives
of g(x, z), and f ′x(x, y) and f ′y(x, y) are partial derivatives of f (x, y).

To satisfy the actual situation in collaborative innovation of the IoT industry under government
leadership, further assumptions are required.

• The difference between the social benefit in collaborative innovation of the three parties and
that of TEM and TO should be greater than the sum of the cost and subsidy of the government.
The benefit of TEM/TO in tripartite collaborative innovation should greater than the sum of its
own cost and the benefit of itself outside collaborative innovation. That is, (γ− 1)RG > G + CG,
nβ∆R > αC + RO, and n(1− β)∆R > (1− α)C + RM.

• The cost of the government in collaborative innovation should be greater than the biggest
compensation of itself. The cost of TEM/TO should be greater than the compensation of itself.
Namely, CG > 2GL, α > θ, and 1− α > ρ.

We put E1 to E8 in Equation (18) to calculate the corresponding eigenvalue and stability of each
equilibrium point, respectively. Table 3 shows that E1 and E8 are the ESS of the replication dynamic
system. In other words, the government, TEM, and TO have two choices. Either all or none can
cooperate in innovation.

Table 3. Eigenvalue and stability of each equilibrium point.

Equilibrium
Point

Eigenvalue

Stability
λ1 (Sign) λ2 (Sign) λ3 (Sign)

(0,0,0) 2GL − CG (−) −(α− θ)C (−) −(1− α− ρ)C (−) ESS

(0,0,1) GL − (1− δ)G− CG (−) (nβ∆R− RO)− (α− ρ)C (+) (1− α− ρ)C (+) Instability

(0,1,0) GL − δG− CG (−) (α− θ)C (+) [n(1− β)∆R− RM]− (1− α− θ)C (+) Instability

(0,1,1) (γ− 1)RG − G− CG (+) (α− ρ)C− (nβ∆R− RO) (−) (1− α− θ)C− [n(1− β)∆R− RM] (−) Instability

(1,0,0) CG − 2GL (+) (δG + GL + αS)− (α− θ)C (+/−) [(1− δ)G + GL + (1− α)S]− (1− α− ρ)C (+/−) Instability

(1,0,1) (1− δ)G + CG − GL (+) (δG + GL + αS) + (nβ∆R− RO)−
(α− ρ)C (+) (1− α− ρ)C− [(1− δ)G + GL + (1− α)S] (+/−) Instability

(1,1,0) δG + CG − GL (+) (α− θ)C− (δG + GL + αS) (+/−) [(1− δ)G + GL + (1− α)S] + [n(1− β)∆R−
RM]− (1− α− θ)C (+) Instability

(1,1,1) G + CG − (γ− 1)RG (−) (α− ρ)C− (nβ∆R− RO)− (δG +
GL + αS) (−)

(1− α− θ)C− [(1− δ)G + GL + (1− α)S]−
[n(1− β)∆R− RM] (−) ESS

3.4. Asymptotic Stability

In order to study which factor affects the ESS of the replication dynamic system, we carry out
asymptotic stability analysis of the parties. According to the evolutionary game theory and system
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Equation (17), when F′G(x∗) < 0, F′M(y∗) < 0, and F′O(z
∗) < 0, E(x∗, y∗, z∗) will be the ESS in

collaborative innovation of the IoT industry under government leadership [36].
The asymptotic stability analysis of the government: According to system Equation (13),

when h(y, z) = 0, FG(x) ≡ 0. x does not change over time. x = 0 and x = 1 are the two stable
components of x above. When h(y, z) > 0, F′G(0) > 0 and F′G(1) < 0. x = 1 is the balance component
of government’s strategic selection. That is, if the sum of the social benefit in collaborative innovation
of the three parties and the compensation of the government is greater than the sum of the cost and
subsidy of the government and the social benefit without the government, the government will take
part in collaborative innovation. On the contrary, when h(y, z) < 0, x = 0 is the balance component.
The government will not take part in it. Figure 2a–c show the dynamic trends and stability of the
government under different conditions.

The asymptotic stability analysis of TEM: According to system Equation (13), when g(x, z) = 0,
FM(y) ≡ 0. y does not change over time. y = 0 and y = 1 are the two stable components of y.
When g(x, z) > 0, F′M(0) > 0 and F′M(1) < 0. y = 1 is the balance component of TEM’s strategic
selection. That is, if the sum of the benefit and the guarantee of TEM in tripartite collaborative
innovation is greater than the sum of its own cost and the benefit of itself outside collaborative
innovation, TEM will join collaborative innovation. On the contrary, when g(x, z) < 0, y = 0 is the
balance component. TEM will not join it. Figure 2d–f demonstrate the dynamic trends and stability of
TEM under different conditions.

Figure 2. The dynamic trends and stability of the government (a–c), TEM (d–f), and TO (g–i) under
different conditions.

The asymptotic stability analysis of TEM: According to system Equation (13), when f (x, y) = 0,
FO(z) ≡ 0. z does not change over time. z = 0 and z = 1 are the two stable components of z.
When f (x, y) > 0, F′O(0) > 0 and F′O(1) < 0. z = 1 is the balance component of TO’s strategic selection.
That is, if the sum of the benefit and the guarantee of TO in tripartite collaborative innovation is greater
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than the sum of its own cost and the benefit of itself outside collaborative innovation, TO will go in for
collaborative innovation. On the contrary, when f (x, y) < 0, z = 0 is the balance component. TO will
not go in for it. Figure 2g–i display the dynamic trends and stability of TO under different conditions.

According to different results obtained above, if the government, TEM, and TO want to participate
in collaborative innovation at the same time, all Equations (14)–(16) are greater than zero. Therefore,
we list eight factors to come up with the four mechanisms of urban planning, government intervention,
distribution, and punishment to enhance collaborative innovation.

4. Numerical Simulation

In order to show dynamic evolution trends of the government, TEM, and TO under certain
conditions, we use Matlab 2018b to conduct numerical simulation of the three parties. Table 4 shows
the parameters assigned by the reality of the IoT industry in China and the assumptions above. A unit
is a million yuan.

Table 4. Parameter assignment.

Cost CG C α S
Value 18 100 0.5 12

Profit RG γ R1 R2 n ∆R β RM RO
Value 27 4 45 54 40 5 0.5 40 48

Subsidy/Penalty G δ θ ρ GL
Value 20 0.5 0.1 0.1 8

Figure 3 displays the influence of different participation intentions of the government, TEM,
and TO on each evolutionary behavior. All values of x, y, and z range from 0 to 1 with the step of
0.1, respectively. The points on the curves mean different participation intentions of the three parties in
the system. Further, the curves signify the evolution paths of the points on them. The arrow direction
represents the evolution direction of the system. In other words, different participation intentions of the
three parties in the system have an impact on the consensus on collaborative innovation of the IoT industry
under government leadership. Figure 3 shows that almost all lines converge to two points, (0,0,0) and
(1,1,1). It is consistent with the discussion above. The stronger the participation intentions of the three
parties are, the more likely they are to promote collaborative innovation. In this paper, we initially set the
participation and non-participation of the three parties in collaborative innovation as 0.5, respectively.
Then, according to the above parameters, we discuss the eight factors and four mechanisms.

Figure 3. The influence of different participation willingness of the government, TEM, and TO on each
evolutionary behavior, and the arrow direction represents the evolution direction of the system.
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4.1. Urban Planning

The rapid growth of urban population density requires a lot of infrastructure to meet the demand
of residents. Urban planning and design explores the innovation of urban planning in practice, in order
to balance the requirements of environment, aesthetics, comfort, and safety. It provides ecosystem
services to realize social value and affect national sustainable development [37]. In recent years,
the development and expansion of the IoT industry has provided commercial prospect for building
smart cities, and gradually replaced traditional systems with intelligent and renewable urban system, to
achieve a more effective urban economic, social, and environmental planning and management [38,39].
In this paper, we use n and γ as representatives of urban planning. Figure 4a shows the influence of n
on the evolutionary behaviors of the three parties. The value of n ranges from 1 to 100 with the step of
1, and the arrow direction represents an increase in value. As n keeps increasing, all of the three parties
evolve from non-participation to participation in collaborative innovation gradually. According to
engineering, Top view is an orthographic projection of the object from above to below. Front view is an
orthographic projection of the object from front to back. Side view is an orthographic projection of the
object from left to right. In front and top views, as n keeps increasing, the slope of the curve near the
central point changes from large to small to large. It indicates the n has a more severe impact on the
participation willingness of TEM and TO than that of the government. In side view, the graph is like of
a linear shape. It indicates the n has a similar impact on the participation intentions of TEM and TO.
Figure 4b displays the influence of γ on the evolutionary behaviors of the three parties. The value of γ

ranges from 1 to 10 with the step of 0.1, and the arrow direction represents an increase in value. As γ

keeps increasing, all of the three parties evolve from non-participation to participation in collaborative
innovation gradually. In front and top views, as γ keeps increasing, the slope of the curve near the
central point changes from small to large to small. It indicates the γ has a more severe impact on
the participation willingness of the government than that of TEM and TO. In side view, the graph is
also resembles a linear shape. It indicates the γ has a similar impact on the participation intentions
of TEM and TO. In conclusion, n has a lower limit. It directly affects the participation willingness of
TEM and TO, and then drives that of the government to change together in the evolutionary game
process. In other words, the increasing number of IoT base stations will promote the innovative parties
to reach the consensus of collaborative innovation. γ also has a lower limit. It directly affects the
participation willingness of the government, and then drives that of TEM and TO to change together.
Further, the increasing expected social benefit will accelerate the government to reach the agreement
of collaborative innovation. Both n and γ essentially follow market mechanism.

Figure 4. The influence of n (a) and γ (b) on the evolutionary behaviors of the three parties, and the
arrow direction represents an increase in value.

Yingtan municipal government has signed cooperation agreements with Huawei and CMCC,
ZTE and China Telecom, and Huawei and China Unicom, respectively. They have carried out the
deep cooperation in NB-IoT industrial ecology, intelligent application, Cloud Computing, and other
fields to build “wisdom city” by constructing the six-tier architecture of the IoT industry development.
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In reality, IoT, like NB-IoT, belongs to the cellular network and covers a certain area. The area
under the jurisdiction of local government is instant but the population distribution is different.
The deployment (number and location) of IoT base stations will affect the return on investment of
telecom enterprises directly. At the beginning, the greater the number of base stations is, the more that
return on investment of telecom enterprises increases, like the hypothesis content above. However,
when the number continues to increase at a relative saturation, the marginal profit of them will be
reduced significantly. Besides, the deployment of IoT base stations is customized product, which faces
a lot of risk. The cost of a base station is generally fixed. The more the number of base stations
is, the lower innovative parties’ marginal cost and innovation risk are. Government improves the
social benefit by expanding the business and application of IoT. These can affect work efficiency,
fiscal revenue, and job promotion of local government. The IoT industry has a long industrial chain,
which covers most of industries. IoT infrastructure is applied to communication, management,
and computing requirements for building smart city from network, cloud, and data, respectively [40].
For example, IoT can be applied to intelligent transportation, intelligent building, and other public
fields through Cloud Computing and Big Data [41,42]. It can make full use of social resource allocation,
and accelerate the pace of building smart cities and creating an intelligent society [43,44]. However,
the deployment of IoT base stations takes a lot of time. Different businesses and applications of
IoT bring about different social benefits to government. The government with high fiscal revenue
is able to choose the corresponding IoT infrastructure at first, which brings about the highest social
benefit. This finally creates a beneficial economic cycle. Otherwise, there are several projects to be
constructed simultaneously for time saving. Therefore, government and telecom enterprises should
coordinate the urban planning and design of IoT infrastructure, and fully consider its 5W1H problem.
Creating incentive targets with rich benefits and full motivation lays a solid economic foundation for
collaborative innovation of the IoT industry under government leadership.

4.2. Government Intervention

The IoT industry is a strategic emerging industry. Government identifies innovation tasks
and challenges through innovation institutional environment, industrialization capacity, and technical
characteristics. It further affects industrial R&D by means of policy, financial, and other intervention
tools [45,46]. Most of government intervention take on directive intervention and facilitative intervention.
Directive intervention includes R&D subsidies, tax incentives, and public procurement, and facilitative
intervention involves infrastructure construction, professional services, and regulation [34]. Each kind
of government intervention has a different role and potential [47]. In this paper, we use G and S as
representatives of government intervention. Figure 5a demonstrates the influence of G on the evolutionary
behaviors of the three parties. The value of G ranges from 0 to 100 with the step of 1, and the arrow
direction represents an increase in value. As G keeps increasing, all the three parties evolve from
non-participation to participation to non-participation in collaborative innovation gradually. In front and
top views, we can see the intersections of the curves and the axis representing the participation intention
of the government. When G is very small, TEM and TO give up first, resulting in the government followed
to abandon collaborative innovation. With the constant increase in G, after it reaches the first critical value,
all of the three parties begin to take part. However, the government is less willing to go at this time. It is
TEM and TO that drive the government to carry out collaborative innovation. With the further increase of
G to the second critical value, the government gives up first, leading to the breakdown of the tripartite
relationship. In side view, the graph also shows a linear shape, indicating the G has a similar influence on
the participation willingness of TEM and TO. Figure 5b shows the influence of S on the evolutionary
behaviors of the three parties. The value of S ranges from 0 to 20 with the step of 0.2, and the arrow
direction represents an increase in value. As S keeps increasing, all of the three parties evolve from
non-participation to participation in collaborative innovation gradually. In front, top, and side views,
there is no significant difference in the influence of the S on the participation intentions of the three
parties. To sum up, G can only be in a range. It can directly affect the participation intentions of the
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government, TEM, and TO in the evolutionary game process. In other words, government subsidy
within a reasonable range will promote the three parties to reach the consensus of collaborative
innovation. S has a lower limit. It has a weak impact on the participation intentions of the three parties.
Further, necessary help and services from government will guarantee the three parties to reach the
agreement of collaborative innovation.

Figure 5. The influence of G (a) and S (b) on the evolutionary behaviors of the three parties; the arrow
direction represents an increase in value.

In 2016, China launched its first NB-IoT scale commercial bureau in Fuzhou. Prior to that,
Fuzhou municipal government signed cooperation agreements with Huawei and three typical
operators successfully to build domestic NB-IoT application sample points and complete the
deployment of base stations in an NB-IoT experimental unit. Besides, Fuzhou government set up
a preparatory group, started to build a national NB-IoT open laboratory, studied and formulated
corresponding work plans, and issued supportive policies to accelerate the development of the IoT
industry. Government is not only the mentor of the IoT industry, but is also the planner of IoT
infrastructure. It plays an important role in the competitiveness and innovation capacity in the
industry. However, the situation varies from place to place. The government with low fiscal revenue
may provide limited funding to deploy IoT base stations and appropriate basic facilities. For the
government with high fiscal revenue, it has ability to further support the IoT industry. Such as
reasonable and effective allocation of government funding, the establishment of IoT incubation base and
industrial park, the popularization of IoT application demonstration area, and attention to R&D of key
technology and personnel training [48,49]. A variety of channels, e.g., mass innovation, special innovation,
and transformation of scientific and technological achievements, will be guided correctly, to promote
collaborative innovation of the IoT industry [49]. In addition, government is also a major proponent and
participant in collaborative innovation. It is important but enough for the government to just provide
necessary help and services, such as planning programming and approval process, for the innovative
parties. Besides, the government, who has additional capability, can strengthen the support and advocacy
of collaborative innovation, provide help for education and training, and accelerate and expand the flow
among innovators, innovation platform, government, and other institutions, to promote the technical
capacity in the IoT industry [50,51].

4.3. Distribution

The allocation process of social and economic resources not only affects innovation level and
organizational behavior, but is also one of important factors to ensure the stable operation of industrial
innovation platform [52–55]. In this paper, we use β and δ as representatives of distribution. Figure 6a
displays the influence of β on the evolutionary behaviors of the three parties. The value of β ranges
from 0 to 1 with the step of 0.01, and the arrow direction represents an increase in value. As β

increases, all of the three parties evolve from non-participation to participation to non-participation in
collaborative innovation gradually. In front, top, and side views, when β is low, TEM takes the lead
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to give up; when β is high, TO gives up first. In both cases, the government gives up last. In order
to determine the range of β on condition all the three parties participate in collaborative innovation,
we set β as 0.49, 0.50, and 0.51, respectively. Only when β ≥ 0.50, can tripartite collaborative innovation
take place in Figure 7a. When β equals 0.49, TEM takes the lead in non-participation, then drives TO
to give up, resulting in the government to abandon cooperation consequently. When β equals 0.51,
all the three parties go in for collaborative innovation almost simultaneously. Their hesitation periods
are shorter than those when β equals 0.50 in Figure 7b–d. These are all consistent with what is shown
in Figure 6a. Figure 6b shows the influence of δ on the evolutionary behaviors of the three parties.
The value of δ ranges from 0 to 1 with the step of 0.01, and the arrow direction represents an increase in
value. As δ keeps increasing, all of the three parties evolve from non-participation to participation in
collaborative innovation gradually. In front, top, and side views, when δ is low, TEM is the first to give
up, leading TO with stronger participation intention to give up. Then, the government gives up too.
When δ exceeds the critical value, TEM with stronger willingness will drive the government and TO
with weaker willingness to participate in collaborative innovation. To sum up, β can only be in a range,
which is not less than 0.50. It can directly affect the participation intentions of TEM and TO in the
evolutionary game process. In other words, in terms of profit distribution, if the stronger innovative
party takes appropriate care of the weaker innovative party, it will accelerate both parties to reach the
agreement of collaborative innovation. δ has a lower limit. It has a strong impact on the participation
willingness of TEM and a weak impact on that of TO. Even if all government subsidies are distributed
to TEM, the three parties are still in collaborative innovation consequently. Further, in the aspect of
government subsidy distribution, that the government deliberately support the growth of weaker
innovative party will promote the three parties to reach the consensus of collaborative innovation.

Figure 6. The influence of β (a) and δ (b) on the evolutionary behaviors of the three parties; the arrow
direction represents an increase in value.

In 2017, ZTE won the bidding for NB-IoT modules from China Telecom. China Telecom agreed
to provide 30 yuan per piece for the winning manufacture, for the purpose of guiding the industry
chain to migrate from GSM to NB-IoT, promoting the threshold of NB-IoT industry, and reducing costs.
The IoT industry can be divided into perception layer, transmission layer, and application layer in the
view of technology [11]. TO, as the information channel of IoT, occupy the leading position of the IoT
industry by virtue of their previous technical experience and capital accumulation in China. It gives
the whole IoT industry a conceptual shape of being large in the middle and narrow at both ends, like an
olive. Therefore, in the R&D process of IoT infrastructure, TO and government should cooperative and
support the polar ends of the IoT industry to broaden the M2M market. As leader enterprises in the IoT
industry, TO could promote the development of weak enterprises through profit distribution and other
ways. It can help TO get rid of the revenue pressure of traditional business, explore the potential value
of data pipelines, increase the vertical distribution, and promote the digital transformation themselves.
It also improves the IoT industrial chain and promotes the linkage development of the IoT Industry.
More importantly, early profit distribution needs to be clearly defined in advance [56]. It could not
only facilitate the smooth process of collaborative innovation, but also improve the enthusiasm of
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weak enterprises to enliven the market. Meanwhile, government should be inclined to support small
and medium-sized enterprises to improve the sustainable development of the IoT industry. It also
should enhance the transparency and fairness of resource allocation and policy implementation to
ensure the progress of collaborative innovation of the IoT industry under government leadership [57].

Figure 7. The influence of β (a) on the evolutionary behaviors of the three parties, and the evolutionary
trends of the government (b), TEM (c), and TO (d).

4.4. Punishment

In economic games, punishment often imposes a powerful price on those who break the rules [58].
Nowak commented that evolutionary models of punishment were based on underlying mechanisms
such as indirect reciprocity, group selections, or network reciprocity. Punishment was an important
factor to promote cooperation and improve cooperation level [59]. The government, employers,
and partners can use punishment and other methods to achieve the desired goals [60]. In this paper,
we use GL and θ + ρ as representatives of punishment. As we set x = y = z = α = 0.5, all of θ and ρ in
system Equation (13) are changed into the form of θ + ρ. Figure 8a displays the influence of GL on the
evolutionary behaviors of the three parties. The value of GL ranges from 0 to 20 with the step of 0.2,
and the arrow direction represents an increase in value. As GL keeps increasing, all of the three parties
evolve from non-participation to participation in collaborative innovation gradually. In front, top,
and side views, when GL is low, TEM and TO take the lead in non-participation, then the government
follows. When GL is greater than the critical value, it has a similar impact on the participation
willingness of all the three parties. Figure 8b demonstrates the influence of θ + ρ on the evolutionary
behaviors of the three parties. The value of θ + ρ ranges from 0 to 1 with the step of 0.01, and the
arrow direction represents an increase in value. When θ + ρ keeps increasing, all three parties evolve
from non-participation to participation in collaborative innovation gradually. The graphs in front, top,
and side views are similar as those in Figure 4a. Therefore, the θ + ρ has a more severe impact on the
participation willingness of TEM and TO than that of the government. Moreover, it has a similar impact
on the participation intentions of TEM and TO. To sum up, GL has a lower limit, in the evolutionary
game process, and when GL is less than this lower limit, it can directly affect the participation intentions
of TEM and TO. When GL is higher than the lower limit, the impact on the participation intentions
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of all the three parties is weak. θ + ρ also has a limit value. It can directly affect the participation
intentions of TEM and TO, which subsequently drive the government to change. In other words,
basic compensation of the government or innovative parties will guarantee the innovative parties to
reach the agreement of collaborative innovation.

Figure 8. The influence of GL (a) and θ + ρ (b) on the evolutionary behaviors of the three parties;
the arrow direction represents an increase in value.

Civilized human life is embedded in various institutions. Therefore, we need to form a relative
perfect constraint system, establish corresponding rules and regulations, and issue corresponding
industry norms. They can benefit R&D and application of IoT infrastructure components and the rapid
development of IoT industry. Improving the effectiveness of punishment and enhancing communication
and the intensity of identity construction can reduce the risk of betrayal [61]. Meanwhile, the principal of
voluntary participation, reputation mechanism, and anti-corruption measures should be implemented
to reduce the risk of second-level free-riding brought by punishment [62,63]. These are guarantees for
collaborative innovation of the IoT industry under government leadership.

5. Conclusions and Implications

In this paper, we construct the evolutionary game model of the government, TEM, and TO,
based on evolutionary game theory. Moreover, we make the analysis of the equilibrium stability,
asymptotic stability, and evolutionary stable strategy of the three parties. Finally, we apply numerical
simulation to discuss the eight factors and four mechanisms. The results are as follows.

• In terms of urban planning, both the increasing number of IoT base stations and the increasing
expected social benefit will promote the three parties to reach the consensus of collaborative
innovation. The increasing number of IoT base stations could reduce innovation risk and increase
marginal revenue for the IoT industry subjects. The increasing expected social benefit could help
the government with high fiscal revenue carry out those projects for beneficial economic cycle
and time saving.

• In the aspect of government intervention, both government subsidy within reasonable range
and necessary assistance will accelerate the three parties to reach the agreement of collaborative
innovation. Government subsidy within reasonable range could help the government with low
fiscal revenue provide limited funding to deploy IoT base stations and appropriate basic facilities
or think about whether to hold on the project or not. Necessary assistance means government
should treat the IoT industry with well-balanced tension and relaxation.

• In terms of distribution, either the stronger innovative party or the government takes appropriate
care of the weaker innovative party will promote the three parties to reach the consensus of
collaborative innovation. Supporting weak enterprises, like small and medium-sized enterprises,
not only provides small business the opportunity to diversity the market, but also supports the
industrial chain to promote the development of the IoT industry.
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• In the aspect of punishment, basic compensations of the government and innovative parties will
guarantee the innovative parties to reach the agreement of collaborative innovation. Punishment
is the basic safeguard to the development of IoT industry.

In fact, there are many problems to be solved before the deployment of IoT infrastructure for
the government, as an initiator, and industrial subjects, as innovative parties. Evolutionary game
model offers ideas for their collaborative innovation. First, it provides the government and innovative
enterprises start point. That is, what to do and how to do it are their first concerned issues. Second, it gives
different perspectives to the government according to its own situation, such as expected social benefit or
government subsidy. Besides, the government receiving the tasks from the top may further consider about
cost–performance ratio, like the ratio of expected social benefit and government subsidy. Third, it could
offer theoretical basis for the government to streamline its administration and delegate authority, and to
support the development of small and medium-sized enterprises. Fourth, it could provide implications for
the IoT industry to reduce innovation risk and improve the industrial chain.

The IoT industry, which is at an important time in its development and deployment, should be
taken as the main driver of sustainable economic development. It can be combined with Big Data
and Cloud Computing to lay a foundation for the arrival of 5G and build the IoT industry ecosystem
and smart cities with international competitiveness and influence. Collaborative innovation can fully
utilize the strengths of others, integrate complementary resources, and accelerate the application and
industrialization of technologies. It is the only way to build an innovation-oriented country. Therefore,
government and IoT industry main bodies should carry out top-level design in the combination of the
characteristics of the new generation of information technology industry. Clarifying the concept of
innovation-driven development and planning the innovation and development strategy of the IoT
industry are of importance. The organizational structure of collaborative innovation system with clear
functions should be formed and collaborative innovation situation with multi-subject cooperation
should be open. At the same time, an interconnection mechanism between collaborative innovation
entities should be established to realize the deep integration of various innovation resources. Systems
and mechanisms that combine government and market should be further improved. The market plays
the role of basic regulation and the government plays the role of guidance, regulation, and support.
Government can provide preferential policies and measures to realize IoT industrial clusters. It also
can create a good policy, experiment, and platform environment for collaborative innovation of the
IoT industry to promote its orderly and steady development. Dominant firms could expand the
application of IoT in new technology and business, actively guide integrated innovation with vertical
industries, and carry out collaborative innovation of joint technology. Meanwhile, they, together with
government, could lead a group of small and medium-sized enterprises, who are mainly driven by
scientific and technological innovation, to enrich and improve the industrial chain. Further, they could
attach importance to the innovation needs of small and medium-sized enterprises, and encourage these
enterprises to carry out collaborative innovation based on their common innovation goals. Establishing
and improving intellectual property laws and regulations, increasing penalties for negative cooperation
and subsidy fraud, and creating a positive atmosphere for promoting collaborative innovation of the
IoT industry can accelerate the pace of IoT infrastructure innovation.

This work mainly discusses how to reach an agreement on collaborative innovation of the
IoT industry under government leadership. However, it has some limitations due to model and
data sources. Only the main factors affecting collaborative innovation are analyzed and simplified.
Additionally, we only conduct research in the context of China due to particular factors including huge
population, relatively perfect supply chain and industrial chain, and broad market of IoT in the future.
The future work will carry out research on the similarities and differences of collaborative innovation
in IoT infrastructure construction between Chinese and foreign IoT industry entities.
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