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This paper models the game process of the value cocreation of enterprises based on evolutionary game theory (EGT). The factors
influencing value cocreation are found through mathematical analysis. Taking iFLYTEK as an example, a representative enterprise
of artificial intelligence (AI) in China, six factors affecting value cocreation are verified, which are the excess return rate, the
distribution coefficient of the excess return rate, coordination costs in the system, the cost-sharing coefficient, imitation costs, and
penalties. These six factors have a profound impact on value cocreation in the ecosystem. Through the case study of iIFLYTEK, it is
concluded that innovation ecosystems can enable small- and medium-sized Al enterprises to grow. In order to build a sound
ecosystem, we need to establish a mechanism to select partners, reduce the costs of cooperation, and strengthen the protection of
intellectual property. At the beginning of the cooperation, it is necessary to establish a mechanism with clear responsibilities,

rights, and interests. The conclusion is of great significance to the development of Al enterprises.

1. Introduction

The fourth industrial revolution is coming, and Al is be-
ginning to penetrate all aspects of social production. Al will
be the focus of the next industrial revolution in science and
technology. Major developed countries are also actively
deploying frontier research in Al Al is a historic oppor-
tunity, which plays an important role in alleviating the
pressure of population aging, promoting the transformation
of the industrial structure, and coping with the challenges of
sustainable development (“Artificial intelligence has devel-
oped into a national strategy in many countries,” ChinaByte,
October 21, 2016, http://server.chinabyte.com/432/
13932932.shtml). Lichtenthaler [1] pointed out that,
against the background of this rapid technological progress,
machines may have a certain degree of technological in-
novation ability and participate in the creation of new
products, systems, and services. Therefore, the impact of Al
on business mainly involves knowledge development and

utilization. AI can recognize text information and transform
images and voices into understandable information, which
enriches the data stream. Al is also regarded as an entity that
can imitate human thinking via computers [2]. An Al in-
novation ecosystem has similar characteristics to a natural
ecosystem. In the Al ecosystem, enterprises, universities and
scientific research institutions, intermediary institutions,
governments, and financial institutions offer their respective
advantages and professional expertise and exchange flows of
material, energy, and information with the external envi-
ronment. The innovation aggregation effect of interdepen-
dence and interaction in the ecosystem continuously
improves the overall innovation ability of the Al ecosystem.
The Al innovation ecosystem includes two parts: the in-
novation population of biological components and the
environment of nonbiological components. In the innova-
tion population, the boundaries of producers, consumers,
and decomposers are not so clear, and there are often in-
teractions or overlaps. For example, producers include
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enterprises, universities, scientific research institutions, and
other organizations that develop and apply Al technology.
Consumers include enterprises and institutions that apply
Al technology to various industries. The decomposer is the
users who purchase relevant AI products and provide
feedback information to the producer. Through the coop-
eration among producers, consumers, and decomposers, the
ecosystem can develop continuously and improve its op-
eration efliciency.

Botha [3] addressed the possible future evolution of
innovation from a human-only initiative to human-machine
coinnovation and then autonomous machine innovation,
arriving at a conceptual mind model that outlines the role of
innovation regimes and innovation agents. Wauters and
Vanhoucke [4] provided a nearest neighbor-based extension
for project control forecasting with earned value manage-
ment and selected an Al method to reduce the training set to
predict the real duration of a project. Lichtenthaler [5]
discussed the interplay between humans and Al. Using Al at
IBM Research for product composition, McCormick is
transforming workflow processes for product developers,
enabling them to create more innovative flavor products
faster and to significantly improve their success rates [6].
This has shed light on how companies can create value
through Al and highlights the strategic decisions IBM makes
to create value in two dimensions: internal development and
external collaborations [7]. Research of Al technology ap-
plications in business is just beginning. In the existing lit-
erature, the AI research pays more attention to Al
technology, policy-making, and comparisons of interna-
tional development, but rarely from the perspectives of value
cocreation and innovation ecosystems. In fact, every Al
enterprise experiences the ecological cycle from start-up to
growth and needs to work out how to cooperate with other
business partners in the ecosystem. In the growth process, Al
enterprises have to face the important decision of deciding
whether to cooperate or not. These problems regarding how
to obtain the most favorable resources in an Al ecosystem,
how to build cooperation mechanisms with other business
partners, and how to find dynamic cooperation strategies are
very important for the healthy development of AI enter-
prises, but the current research is not deep enough.

This paper analyzes the dynamic game process of plat-
form-leading enterprises and related cooperative enterprises
in innovation ecosystems of AI by establishing the repli-
cation dynamic equation. Through seeking stable solutions
for the duplicated dynamic equation, six main factors af-
fecting value cocreation are found using a calculus deriva-
tion method. Then, taking the example of iFLYTEK, a
leading AI enterprise in China, the game model and the
experience of value cocreation between iFLYTEK and its
partners are verified. Finally, a strategy for more Al en-
terprises is suggested. The main contribution of this paper is
to explore coordination mechanisms so as to jointly benefit
and promote the development of an innovation ecosystem
between platform-leading enterprises and related coopera-
tive enterprises and to discuss the factors affecting the value
cocreation of such enterprises. Because the coordination
process between the two sides has to go through many
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repeated games in order to establish a relatively stable co-
operative relationship, the learning process also shows
evolution from a low level to a high level so as to achieve the
maximum benefit under limited rationality. It is appropriate
to use EGT to analyze the coordination mechanism of value
cocreation. By solving the equilibrium of the replication
dynamic equation, it is found that both sides choose to
cooperate or not, depending on the location of the saddle
point, and the saddle point is determined by six factors,
which are the excess return rate, the distribution coefficient
of the excess return rate, coordination costs in the system,
the cost-sharing coefficient, imitation costs, and penalties.
Taking iFLYTEK as an example, China’s leading Al enter-
prise, these six factors are verified as affecting value coc-
reation in an Al ecosystem. The conclusion enriches the
research on the value cocreation of innovation ecosystems.

The rest of the paper is arranged as follows. Section 2
reviews the existing studies. Section 3 establishes the the-
oretical model. Section 4 discusses the factors that may
influence the result of the game. Section 5 analyzes the case
of iIFLYTEK to discuss the application of game evolution.
Section 6 concludes the paper and proposes policy impli-
cations and future research.

2. Literature Review

2.1. Innovation in the Al Industry. With the rapid devel-
opment of the AI industry, innovation management at the
theoretical level has aroused a heated discussion among
scholars around the world [8]. The evolution of the Al
industry can be divided into three stages. In the first stage, it
focuses on perceptual intelligence represented by the deep
convolution neural network, which relies on big data. It has
achieved success comparable to human intelligence in visual
recognition, speech recognition, and natural language un-
derstanding. In the second stage, it focuses on cognitive
intelligence, including reasoning, planning, memory, deci-
sion-making, and knowledge learning. In the third stage, it
focuses on creative intelligence; that is to say, Al is required
to have super abilities, like the insight and inspiration of
human beings. At present, the development of the Al in-
dustry is facing many challenges, such as the economy,
security, and supervision. Many countries pay special at-
tention to the policies in this field and successively create
national policies regarding AI. All kinds of innovative
products, systems, and services are created by Al, thus
promoting production transformation and social progress.
Compared with traditional technological innovation, Al
innovation has significantly improved in terms of industry,
technology, and social value [9]. On the one hand, Al
gradually brings new products to the market, such as
computer vision and voice, semantic recognition, and in-
telligent robots. On the other hand, it helps to transform and
upgrade traditional manufacturing and service industries,
such as intelligent manufacturing, intelligent logistics, in-
telligent transportation, and intelligent education. AI can
greatly improve the efficiency of research and development
(R&D). It has a far-reaching impact on innovation per-
formance and global manufacturing output and provides
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customers with personalized services, thus creating greater
economic and social value.

To understand the impact of choice complexity and
cognitive perceptions on the willingness to delegate a
strategic decision to an algorithm, an experiment with 310
participants was conducted and found that, although choice
complexity has no effect, participants with low levels of
situational awareness are more likely to delegate [10]. Boyd
and Holton [11] focused on the economic, political, and
historical dynamics of technological innovation and its
consequences for employment and economic restructuring
and mediated through sovereign and discursive power.
Elliott [12] pointed out that, as technological innovation has
eliminated many types of jobs over the past few centuries,
economies have evolved to create new jobs, which have kept
workers well employed. Fujii and Managi [13] also applied a
decomposition framework to clarify the determinants of Al
technology invention and found that the priority has shifted
from biological and knowledge-based models to specific
mathematical models and other Al technologies. Hengstler
et al. [14] explored how firms systematically foster trust
regarding applied Al Based on empirical analysis using nine
case studies in the transportation and medical technology
industries, their study illustrates the dichotomous consti-
tution of trust in applied AL

2.2. Research on Coordination Mechanisms in Innovation
Ecosystems. In the modern society, the competition among
enterprises has changed from individual to platform com-
petitors. The complexity of the economic environment also
causes enterprises to form more diversified ecological re-
lationships, which are competitive and symbiotic. Moore
[15] has put forward the concept of the innovation eco-
system for the first time and then proposed the concept of a
business ecosystem, which is more conducive to value
creation. Scholars have also studied innovation ecosystems
from various perspectives. For example, Leten et al. [16] have
put forward the intellectual property (IP) model of the
coordinating mechanisms of an innovation ecosystem. The
model analyzed knowledge sharing between partners, which
can promote the development of the ecosystem. Policy is
very important for the innovation ecosystem, and the be-
haviors of all participants in the ecosystem should be
consistent with the strategic objectives of national policies
[17]. Liu and Rong [18] took complex products in the mobile
Internet industry ecosystem as an example for exploring the
coevolution mechanism of enterprise self-renewal. Kapoor
and Furr [19] discussed the solar photovoltaic industry to
analyze the complementary capabilities of enterprises and
the driving mechanism of complementary assets on tech-
nology. Lee et al. [20] illustrated the determinants of ICT
innovation with a transnational empirical study, which
showed that the cooperation of universities, enterprises, and
governments effectively promoted knowledge sharing. Spi-
gel [21] believed that a successful innovation ecosystem is a
good supporting environment created by the complemen-
tary cooperation of all parties involved in the system. Spigel
[21] also indicated that the relationship between the parties
is an important guarantee for the competitiveness of the

system. She constructed different game models using
Bayesian networks and game theory, which were helpful in
understanding stakeholders’ behaviors in the ecosystem
service. Mulazzani et al. [22] found that the number of
human agents, management actions, and economic activities
might largely affect the value of ecosystem service benefits.
Madsen [23] provided a foundation for studying a new
framework within the cooperation of the global ecosystem
for sustainable development and clarified the types of or-
ganizational capabilities, practices, and routines that can
strengthen both internal value processes and external net-
works and ecosystems. Moreover, Masucci et al. [24] in-
vestigated how firms can orchestrate outbound open
innovation strategically to accelerate technological progress
among the firms they collaborate with, thus removing
technological bottlenecks in their business ecosystems. Xie
and Wang [25] explored the causal recipes of how open
innovation ecosystem modes promote product innovation
by using both grounded theory and fuzzy-set qualitative
comparative analysis (fsQCA).

2.3. Research on Cooperation Mechanisms in Value
Cocreation. From the perspective of literature development,
the research on the coordination mechanism of value
cocreation is mainly carried out on three aspects. Firstly,
research is mainly focused on the contributions of all parties
involved in value creation from a systematic level. For ex-
ample, Vargo and Lusch [26] placed special emphasis on the
impact of institutions in the service ecosystem. Secondly,
research is focused on coordination mechanisms, which can
help participants obtain more knowledge, information, and
public resources from the perspective of participating in-
dividuals. Vargo and Lusch [27] proposed that the foun-
dation of value cocreation is determined by a binary
relationship, which referred to the service interaction be-
tween enterprises and customers. Thirdly, the paper dis-
cusses coordination mechanisms including excess returns,
the costs incurred for coordination, and the possible risks. It
is found that opportunities, competition levels, and demand
preferences are the driving factors of reverse innovation.
Selective disclosure is indicated as a strategic mechanism for
reshaping the cooperative behavior of other participants in
the innovation ecosystem. Alexy et al. [28] pointed out that
selective disclosure may provide an effective alternative,
especially in the case of high uncertainty, high coordination
costs, and the unwillingness of partners. Leclercq et al. [29]
investigated the impact of two gamification mechanics’
cooperation and competition, highlighted the existence of
four user profiles, and then assessed their emotional, cog-
nitive, and behavioral engagement with the gamified coc-
reation platform over time. Niesten and Stefan [30] reviewed
literature on paradoxical tensions between value cocreation
and capture in interorganizational relationships. Su and Li
[31] pointed out internal mechanisms of knowledge transfer
in a knowledge alliance and showed that the number of
enterprises in the knowledge alliance, knowledge transfer
frequency, and knowledge transfer effects is positively
correlated.



2.4. Application of Evolution Game Theory in Industrial Dy-
namic Evolution. In recent years, EGT has been widely used
in the study of industrial dynamic evolution. Wood et al.
[32] used an agent-based model to provide detailed results
and demonstrated the importance of natural resources for
the outcome of the model. Yang et al. [33] analyzed gov-
ernment-industry-university-research (GIUR) intellectual
property cooperation behavior and its influencing factors,
including market mechanisms and administrative supervi-
sion mechanisms. Hafezalkotob et al. [34] used an integrated
Cournot duopoly equilibrium and evolutionary game theory
(EGT) approach to model the situation where a wholesale
pricing strategy is determined by a manufacturer acting as a
leader, while retailers who make order quantity decisions are
acting. Mekki et al. [35] studied the vehicular cloud access
problem and modeled it as an evolutionary game where the
vehicles choose to cooperate or to access the conventional
cloud.

In summary, although much research has been carried
out on coordination mechanisms in innovation ecosystems
and value cocreation, there are still gaps in the existing
research. First, because of the regional imbalance in the AI
industries in many countries such as China, coordination
mechanisms may be different. Therefore, this study explores
the coordination mechanisms of innovation ecosystems
based on an evolutionary game model. Second, although
there are several studies on the contributions of all parties
involved in value creation and coordination mechanisms,
only few studies have focused on the coordination mech-
anisms of Al industries from the perspective of game theory.
Third, AI is an emerging industry in China, and research on
the AI innovation ecosystem has just started. It is of great
theoretical and practical value to analyze the composition,
cooperation, and evolution of Chinese Al innovation eco-
systems in terms of their healthy development. This study
incorporates these three perspectives.

3. Model and Analysis

Many Al enterprises are faced with the pain of transfor-
mation from laboratory achievements to product mar-
ketization due to large initial technology investment and
market risk. However, there is little research on the
business model of Al enterprises, how they create value
together with their partners, and how they build an in-
novation ecosystem to empower themselves. Ma and Ji [36]
pointed out the synergetic development of regional eco-
logical communities had an important impact on ecosys-
tem evolution, in which the evolution process was gradual,
including four stages: synergetic construction, synergetic
expansion, synergetic cooperation, and synergetic inno-
vation. Abiodun and Ivan [37] presented a model of in-
terfirm cooperation driven by cognitive distance,
appropriability conditions, and external knowledge and
found that a firm chooses to cooperate and selects a partner
conditional on the investments in absorptive capacity.
Brice et al. [38] highlighted how ecosystem creation was a
systemic process driven by coupled feedback loops, which
organizations must try to control dynamically. Ron [39]
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followed the flow of inputs and outputs in the ecosystem to
distinguish between upstream components that were
handled by the local firm and downstream complements
that were bundled by the firm’s customers. Therefore, the
key point of this paper is to explore the coordination
mechanism of value cocreation in the innovation ecosys-
tems of Al enterprises. EGT abandons the assumption that
participants are completely rational. It regards the behavior
of all participants in an ecosystem as contributing to a
dynamic system; that is, the actors always aim at fulfilling
their own interests. Moreover, it assumes “bounded ra-
tionality” for the behavior of participants in the system and
pays more attention to the process of reaching an equi-
librium. Therefore, EGT is an appropriate method for
analyzing the cocreation mechanism between leading en-
terprises and cooperative enterprises in an Al ecosystem.
Time is an important factor in the changes in the rela-
tionship between leading enterprises and related cooper-
ative enterprises. Only through games can the two sides
achieve a dynamic balance process. By means of EGT, we
can clearly depict the dynamic path of equilibrium between
leading enterprises and cooperative enterprises in Al in-
novation ecosystems.

3.1. Assumptions. In order to analyze the problem of the
cocreation mechanism in innovation ecosystems, this paper
makes the following assumptions:

(1) AI enterprise innovation ecosystem includes com-
petitors, operators, technology intermediaries, and
research institutions. There is a platform-leading
enterprise A and a related cooperative enterprise B.

(2) The AI innovation ecosystem includes two parts:
biological components and the environment. Among
them, biological components include producers,
consumers, and decomposers. The producer refers to
the enterprise engaged in the R&D and production of
Al technology. The consumer refers to many kinds of
application that apply Al technology to specific in-
dustries, including enterprises, universities, and
scientific research institutes. The decomposer refers
to the users that purchase relevant Al products.

(3) In the AI innovation ecosystem, the platform-lead-
ing enterprise and other enterprises may have a
possible cooperative relationship, but this relation-
ship is not permanent, and it may be broken at any
time, or a new cooperative relationship may be
generated. The choice of cooperative or noncoop-
erative behavior is real-time. Because of the distri-
bution of interests, they play games with each other
and determine the game strategy in their interaction,
showing the characteristics of the evolutionary game.

(4) Leading enterprise tries to cooperate with other
enterprises in the ecosystem with a certain proba-
bility at the initial stage and generates excess returns
in the process of cooperation. The change of deci-
sion-making in the game process essentially stems
from the pursuit of higher interests, so the allocation



Complexity

of excess returns is the driving force for the devel-
opment of the Al ecosystem.

(5) When the platform-leading enterprise A and the
related cooperative enterprise B are in a state of
cooperation, the two sides create value together, and
the innovation ecosystem is developing towards a
virtuous path. When one performs noncooperative
behavior, it is difficult for both to create value to-
gether, and there will be many contradictions, even
dissolution [40].

(6) The response of a relevant cooperative enterprise B is
crucial to the choice of a platform-leading enterprise
A. Therefore, the strategic choice of both is a dy-
namic game process, and the best strategy is coop-
eration, which can maximize benefits, increase the
overall profit of the innovation ecosystem, and
minimize the total costs and risk [41]. However, both
A and B have limited rational. In decision-making,
they only consider the maximization of their own
interests and adopt a strategy of noncooperation.

(7) The dynamic game process is a mixed strategy game
and the diversification of strategy selection. Under
certain probability conditions, the game process is
adjusted according to the strategy of the other one
[42].

(8) As Al enterprises, their technical threshold is very high.
In the early stages, they need to invest a lot of energy
and cost in developing technology. Their technical
threshold is also their core competitiveness in the
commercial economy. However, during cooperation,
there is also the problem of “hitchhiking” or “stealing”
technology [43]. If such a situation occurs, the cost paid
by both parties will be much higher than the benefits
from cooperation. If the core technology is imitated,
the imitator will obtain a technological imitative in-
come. Therefore, in order to protect independent R&D
participants, both of them need to introduce reward
and punishment measures when cooperating. If the
core technology is imitated or “stolen,” one party will
give the other a certain amount of compensation and
will be punished accordingly.

3.2. Evolutionary Game Model

3.2.1. Variables. There are several variables that have pos-
itive values in the game, and they are defined as follows:

P,: leading enterprise A can independently obtain
maximum profit, which can be obtained from the re-
spective market when there is no cooperative rela-
tionship with B.

P,: enterprise B can independently obtain maximum
profit, which can be obtained from the respective
market when there is no cooperative relationship with
A.

AR: when both A and B cooperate to create value to-
gether, it is beneficial for the whole innovation eco-
system and can create additional benefit AR.

a: A and B will be assigned the additional benefit, and «
is a distribution coefficient which A obtains. « € (0, 1).

1 — a: 1 — «is a distributor coefficient of the additional
benefit that B obtains.

C: the transaction costs of the ecosystem, which are the
negotiation costs and management costs incurred in
order to coordinate the behavior of A and B.

B: B is the cost-sharing coefficient for A. 1 - is the
cost-sharing coefficient for B. 8 € (0, 1).

M;: if the core technology is imitated, then A will pay
M, in terms of imitation costs.

M,: if the core technology is imitated, then B will pay
M, in terms of imitation costs.

F: if the core technology is imitated or “stolen,” one
party will give the other a certain amount of com-
pensation and will be punished accordingly. F repre-
sents penalties. The introduction of penalties is also to
protect the cooperation between the two sides.

3.2.2. Payoff Matrix. In the process of the dynamic game,
there are four strategies. Figure 1 shows the payoff matrix of
the players in the evolutionary game.

3.2.3. Evolutionary Stable Strategy Applying a Replication
Dynamic Equation. The parameters of x and y are used to
indicate the probabilities of platform-leading enterprise A
and cooperative enterprise B choosing different strategies,
respectively. E, represents the average expected payofts of
enterprise A. E, represents the average expected payoffs of
enterprise B. Table 1 shows the specifications of all the
parameters.

(1) Replication Dynamic System. According to the frame-
work of EGT, we can observe the payoffs of players under
different combinations of strategies. For platform-leading
enterprise A, in the coordination mechanism of value
cocreation, the expected return from cooperation is E,,. The
expected return from noncooperation is E_,. The average
expected return is E,. Then, the corresponding formula is as
follows:

E, =y(Py+aAR-BC)+(1-y)(P, - BC+F) = yaAR
+(1-y)F+P,-fC,
Ep=y(Py-M,-F)+(1-y)P =P, - yM, - yF,
E,=xE, +(1-x)E,, = xyaAR+ (x — y)F + P,
-y(1-x)M, - xfC.
(1)
For enterprise B, in the coordination mechanism of value
cocreation, the expected return from cooperation is Ej,. The
expected return from noncooperation is E,,. The average

expected return is E,. Then, the corresponding formula is as
follows:



6 Complexity
Cooperative
enterprise B
Cooperation (y) Noncooperation (1 - y)
Z
E 3 | Cooperation Py +aAR - BC P -BC+F
T E (€9 P,+(1-a)AR-(1-pB)C| P,-M,-F
£
E [
A Non P -M,-F Py
cooperation P
(1-x) P,-(1-B)C+F 2
FIGURE 1: The payoff matrix of the two players in the evolutionary game.
TaBLE 1: The specifications of variables in the tripartite evolutionary game.
Variables Description
E, The expected return from the cooperation of enterprise A
E, The expected return from the noncooperation of enterprise A
E, The average expected return from the cooperation and noncooperation of enterprise A
E,, The expected return from the cooperation of enterprise B
Ey, The expected return from the noncooperation of enterprise B
E, The average expected return from the cooperation and noncooperation of enterprise B

Ey =x[P,+(1-a)AR - (1-p)C]

The replication dynamic equations of both A and B are as

+(1=x)[P, = (1-B)C +F] = x(1 - a)AR + (1 - x)F follows:
+P,-(1-p)C,
E, = x(P, =M, - F) + (1 - x)P, = P, - xM, — xF,
E, = yE,; + (1 = y)Ep, = xy(1 —a)AR+ P, —x(1 - y)M,
-(1-pB)yC.
(2)
i—f= X(Ey —E,) =x(1=x)[Ey —Epn] =x(1-x)[y(«AR + M,) + F - BC], (3)
d
Y e Y (B~ F) = 71~ DBy~ Es] = y(1 - ) {x[(1 - @AR + My] + F~ (1 - f)C], @

(2) Evolutionary Stable Strategies for A. If (dx/dt) = 0, there
are three stable solutions to equation (3), x; = 1, x5 = 0,and
x; = ((BC - F)/ (aAR + M,)).

If formula (3) is a derivative and (d*x/d*t) = 0, then the
formula can be obtained as follows:

d’x

d’t

Next, we discuss the stable solutions of A under different
probabilities in three cases.

(a) When y > ((fC - F)/ (aAR + M,)), x} = 1is a stable
solution, which means that platform-leading enter-
prise A will choose to cooperate with relevant

=(1-2x)[y(aAR+ M,) + F - BC]. (5)

enterprise B. The evolution results are shown in
Figure 2.

(b) When y < ((BC - F)/ (¢AR + M,)), x; = 01is a stable
solution, which means that platform-leading enter-
prise A will choose noncooperation. The evolution
results are shown in Figure 3.

(c) When y = ((BC-F)/(aAR+ M,)), (dx/dt)=0,
which means that any point is stable. The evolution
results are shown in Figure 4.

(3) Evolutionary Stable Strategies for B. If (dy/dt) = 0, there
are three stable solutions to equation (4), y; = 1, ¥ = 0,and
y; = ((1-P)C-F)/((1 -a)AR+ M,)). There are still
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r
dx/dt y> BC - FlaAR+M,

» X
1

FIGURE 2: Stable solution for y > ((BC — F)/ (a¢AR + M,)).

A
dx/dt
y < BC - FlaAR+M,

\/ "

FIGURE 3: Stable solution for y < ((8C — F)/ (a¢AR + M,)).

dufdt y=pBC- FlaAR + M,

2

1
FIGURE 4: Stable solution for y = ((C — F)/ (aAR + M,)).

three cases for discussing the stable solution of B under
different probabilities.

(a) When x> (((1 - B)C-F)/((1 -®)AR + M,)), yi =
1 is a stable solution, which means that enterprise B
will choose a strategy of cooperation. The evolution
results are shown in Figure 5.

(b) When x< (((1-B)C-F)/((1-a)AR+ M,)),
(dy/dt) > 1. y5 = 0 is a stable solution, which means
that enterprise B will choose noncooperation. The
evolution results are shown in Figure 6.

(c) When x=(((1-pBC-F)/((1-a)AR+ M,)),
(dy/dt) = 0, which means that any point is stable.
The evolution results are shown in Figure 7.

(4) Combination Evolutionary Stable Strategies for Both A
and B. We analyze the combination evolution strategies of A
and B. First, we analyze the responses of B when A adopts
different strategies.

A

dx/dt | x> (1-pB)C-F/(1-a)AR+ M,

» X

1

FiGure 5: Stable solution for x> (((1-B)C - F)/((1 - a)AR+
M,)).

dy/dt| x<(1-B)C-F/(1-a)AR+M,

'\j

FiGure 6: Stable solution for x< (((1-pB)C - F)/((1 - a)AR+
M,)).

dx/dt| x=(1-B)C-F/(1-a)AR+M,

» X

1
FIGURE 7: Stable solution for x = ((1 - f)C — F/(1 — «)AR + M,).

(1) When ((BC - F)/(«AR + M,)) <0, y> ((8C —F)/
(«AR + M,)), which means that no matter what B’s
reaction is, A will choose a cooperative strategy
without hesitation.

(2) When ((fC - F)/(«aAR + M,;)) = 0, y = 0. Any value
of X is a stable solution, which means there is no
special motivation for A to choose cooperation or
noncooperation.

(3) When ((BC - F)/(aAR+ M,))>1, y< ((BC - F)/
(¢AR + M,)). No matter how B reacts, A will adopt a
strategy of noncooperation.

Similarly, let us analyze the responses of A when B
adopts different strategies.

(4) When (((1-p)C-F)/((1 -a)AR+ M,))<0, x>
(((1-pB)C—-F)/((1 —a)AR + M,)). This means that
no matter what A’s response is, B will only adopt a
cooperative strategy.

(5) When ((1-B)C-F)/((1-®AR+M,)) =0, x =
0. Any value of y is a stable solution, which means
that B has no particular incentive to cooperate or not
to cooperate because both results are similar for B.



(6) When ((1-PC-F)/((1 -a)AR+ M,))>1,
x< ((1-pC-F)/((1-a)AR + M,)). This means
that no matter how A reacts, B only adopts a strategy
of noncooperation.

The results of these comprehensive games are shown in
Figure 8.

In Figure 8, there are five equilibrium points, which are
0(0,0), B(1,1), A(1,0), C(0,1), and Q(((BC — F)/ (aAR +
M), (1= BYC = )/ (1 - ) AR+ M,))).

In the region OAQC, the result of the game evolution
tends to be O(0,0). This means that both sides choose a
noncooperative strategy. In the region ABCQ, both sides
tend to choose cooperative strategies; then, B(1, 1), A(1,0),
and C(0, 1) are unstable because if one party does not co-
operate, there will be no stable equilibrium point. Q (((fC -
F)/ (aAR + M,)), (1 = B)C - F)/ (1 — a)AR + M,))) is the
saddle point.

Therefore, the evolutionary game strategy is that both
sides choose to cooperate or both sides choose not to co-
operate. The combination of one party cooperation and the
other party noncooperation is unstable. Whether the two
parties choose to cooperate at the same time or not depends
on the location of the saddle point Q. The closer the Q point
is to the B point, the higher the probability of both parties
choosing cooperation. The closer the Q point is to the O
point, the higher the probability of noncooperation.

4. Factors Influencing the Result of the Game

The position of point Q is observed, which is composed of
two triangles, AOQC and AOQA. Therefore, the discussion
of the position of point Q can be transformed into the
discussion of quadrilateral =OAQC:

[ pC-F __ (1-pC-F

N =S +S == )
F04AQC T TA0QE T EAOQA T 5 | AR+ M, (1 — a)AR + M,
(6)
The evolution results of the three situations are discussed
as follows:

(A) When S_qc > Soqagc it evolves to O, and neither
side cooperates

(B) When S_o4qc <Soqage it evolves to B, and both
sides cooperate

(C) When S_p4qc = Soqape» there is an equal proba-
bility of it evolving towards O or B

We can understand the influence of each factor on
evolution in more detail through calculus derivation.

(1) Excess distribution coefficient «

E_l{ (1-pC-F  BC-F } )

da 2| [(1- @AR+M,])* (aAR+M,)

where (d?s/d*a) >0 when « solves the second de-
rivative, and S_psoc has a minimum value.
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A

FIGURE 8: Comprehensive game process of A and B.

Therefore, when « is large, the evolutionary direction
is that both sides adopt cooperative strategies.

(2) Excess return AR

dAR 2

ds __1{ a(BC - F) +(1—a>[(1—ﬁ>C—F]}<O

(@AR+M,)*  [(1- ®)AR+ M,]’
(8)

where (ds/dAR) is a minus function and AR and
Sooaqc change in reverse. That is to say, the larger
the value of AR is, the stronger the willingness of
both sides to cooperate and create value together is.

(3) Imitation costs M, and M,

ds __1{ (BC-F) ]
dM, 2| (aAR+M,)*]

ds 1{ (1-B)C-F }
[ :

dM, 2| [(1- 0)AR + M,)?

This shows that if the cost of “piracy” technology is
very low for technology imitators, they will adopt a
noncooperative strategy, which is not conducive to
the evolution of an innovation ecosystem. If the cost
of “piracy” technology is high, they will cooperate
with platform-leading enterprises.

(4) Cost-sharing coefficient f3

ds 1 C C

— == - . 10
df 2|aAR+M, (1-a)AR+ M, (10)

When  (C/(aAR+ M,)) < (C/((1 - a)AR + M,)),
(ds/dp) is a minus function. In this case, the greater
the value of fis, the less likely the evolution of mutual
cooperation will be.

When  (C/(a«AR+ M,))> (C/((1 - ®)AR + M,)),
(ds/dp) is a monotone-increasing function. In this
case, the larger the value of fis, the more nonco-
operative the two sides will evolve to be.
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(5) Coordination costs C

ds _1[_F
dC 2 |aAR+ M,

1-B
(1-a)AR + M,

>0, (11)

which indicates that (ds/dC) is a monotone-in-
creasing function. This means that, with increasing
cooperation costs, both parties will be more willing
to adopt the strategy of noncooperation. If the costs
of cooperation are reduced, both sides will be more
willing to cooperate.

(6) Penalties F

ds 1 1 1
e + <0, (12)
dF 2|aAR+M,; (1-a)AR+ M,

which indicates that (ds/dF) is a monotone-decreasing
function. The smaller F is, the larger S_ sqc is and the more
noncooperative the two sides are, so the degree of the penalty
also affects cocreation in the ecosystem. Fewer penalties will
increase the free riding of technology and the “piracy” of
technology, which will affect the cooperation mechanism.
High penalties and the effective protection of technology can
promote cooperation and cocreation in the ecosystem.

5. Case Analysis of an Al Enterprise: Taking
iFLYTEK as an Example

According to the model of game theory, we took a leading
Chinese Al enterprise, iFLYTEK, as an example to verify the
hypothesis. iIFLYTEK was founded in 1999. Following years
of development, iFLYTEK has many world-class patents in
speech recognition, speech synthesis, and other fields. In
2008, iFLYTEK was listed in the A-share market. iFLYTEK
released the “iIFLYTEK Voice Cloud Platform” in 2010 and
launched the “4FLYTEK Super Brain Plan (“Super Brain
Plan” is a major forward-looking project for advanced ar-
tificial intelligence (i.e., cognitive intelligence) initiated by
iFLYTEK. It is also a key project supporting iFLYTEK’s goal
of “making computers understand and think” on the basis of
“making computers listen and speak”)” in 2014 [44]. The
human-computer interface AIUT (AIUI is a new generation
of human-computer intelligent interactive open platform of
iFLYTEK, which aims to realize the barrier-free interaction
between human and machine and make the communication
between human and machine natural through voice, image,
gesture, and other ways) was released in 2015. After many
years, iIFLYTEK has become the absolute leader in the field of
intelligent voice. iFLYTEK is now a firm leader in China,
accounting for more than 60% of the market share in the
intelligent speech industry and more than 70% in the speech
synthesis market (source: China securities net. http://
stockdata.cnstock.com/stock/sz002230.html).  Table 2
shows the development of iFLYTEK.

The establishment of the iFLYTEK voice ecosystem has
gone through three stages. iFLYTEK’s initial stage was from
1999 to 2003. In 1999, during the wave of entrepreneurship
among Chinese college students, Qingfeng Liu, the founder
of iFLYTEK, started to implement the idea of commer-
cializing the intelligent voice products. However, in the early
days of entrepreneurship, iFLYTEK experienced the di-
lemmas of poor product sales and difficult operations. Under
great pressure to survive, the founding team held a meeting
in Chaohu, Anhui Province to discuss the strategic devel-
opment of the company in the future, which was also an
opportunity to change the fate of iFLYTEK. After the
conference, iFLYTEK seized the huge business opportunity
offered by China’s call-center market and created value
together with telecom operators and external partners (in-
cluding key customers and international leading intelligent
voice companies). iFLYTEK first chose to occupy the market
through external cooperation (with Nuance, an interna-
tional voice provider specializing in speech recognition) and
began to provide services for Huawei and other enterprises.
In the second stage of growth, iFLYTEK seized the new
business opportunity offered by 3G, developed new prod-
ucts, cooperated deeply with the education industry, and
actively promoted the business of voice technology in oral
examinations. In 2008, iFLYTEK entered the capital market
and was listed on Shenzhen Stock Exchange, with a revenue
of RMB 257 million yuan in the same year (http://stock.
hexun.com/2009-01-15/113455316.html). In its maturity
stage, iFLYTEK realized its transformation from a single
voice provider to an ecological voice platform. During the
wave of Al iFLYTEK adjusted its strategy to become the
pioneer of the AI industry, and its “Super Brain Plan” came
into being against this backdrop. iFLYTEK focuses on
practical product functions, such as calling, texting, and
listening to music. At the same time, with the development
of AT technology, the “/FLYTEK Voice Cloud” has evolved
into the “’FLYTEK Open Platform” and has formed an
integrated voice ecosystem. iFLYTEK encourages employees
to incubate new businesses within the company, cooperates
with big enterprises, and has penetrated the fields of mobile
phones, education, home furnishings, and cars, forming a
voice ecosystem. Ranked in the first place in China on the 50
Smartest Companies 2017 list, which was announced by MIT
Technology Review (“50 Smartest Companies 2017”7, MIT
Technology Review, June 27, 2017, https://www.
technologyreview.com/lists-tr50/what-are-the-50-smartest-
companies/), iFLYTEK is increasingly influential with its
superior voice technology in the AI industry.

iFLYTEK has gradually established a voice innovation
ecosystem and cooperated with many enterprises in the
system to create value together so as to realize its trans-
formation from a small voice technology provider to a
leading voice ecosystem enterprise. iFLYTEK’s coordination
mechanism of value cocreation and its experience of
establishing a voice ecological innovation system are very
representative. Its growth path and the puzzles encountered


http://stockdata.cnstock.com/stock/sz002230.html
http://stockdata.cnstock.com/stock/sz002230.html
http://stock.hexun.com/2009-01-15/113455316.html
http://stock.hexun.com/2009-01-15/113455316.html
https://www.technologyreview.com/lists-tr50/what-are-the-50-smartest-companies/
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TaBLE 2: A chronicle of iFLYTEK over the years.
Year iFLYTEK innovation event iFLYTEK business event
1999 Speech-synthesis evaluation scored more than 3.0 IFLYTEK was founded
iFLYTEK undertook the national voice high-technology = iFLYTEK completed its second round of financing and cooperated
2001 industrialization demonstration project and set up a with Nuance, which is the world’s leading voice company, to
postdoctoral research workstation provide an automatic response scheme
2004 In the international evaluation of Chinese speech synthesis, iFLYTEK achieved profit and loss balance for the first time, and its
iFLYTEK ranked first for all indicators sales exceeded 100 million yuan for the first time
The IFLYTEK Rese.a reh Institute of Sc1e“n ce.and Technolqu W8 JFLYTEK’s voice product revenue reached 150 million yuan,
2005 officially established and won the “major technological . . 1
. . . L » driving the industry by about 1 billion yuan
invention award of information industry
iFLYTEK won first prize in the International Speech Synthesis iFLYTEK was listed on the Shenzhen Stock Exchange, and the
2008 Competition and first prize in the Global Speaker Competition, construction of the voice industry base was started, with a revenue
becoming a “China’s national innovative pilot enterprise” of 257 million in 2008
fFLYTEK won first prize in the International Competition of iy v-ppy 1 ejeased “ELYTEK Voice Cloud” and “Voice Input
English Speech Synthesis and became one of the top ten » . . . . . .
2010 . . . . . . Method” and established a national intelligent voice high-tech
independent innovation brands of intellectual property rights in - .
o . industrial base
China’s software industry
iFLYTEK’s first-generation speech recognition system, which iFLYTEK’s Voice Cloud end users exceeded 150 million, with it
uses deep trust network technology, improved its performance becoming the largest voice-listed company in the Asia Pacific
in telephone transcribing and speech dictation region and the software company with the highest market value in
2012 . . the Shanghai and Shenzhen stock markets of China (“New
Breakthroughs were made in a number of core technologies to ion of ‘voice cloud’ rel - »
effectively solve technical problems such as antinoise, accent generation of “voice cloud’ released by iFLYTEK," NetEase News,
adaptation. and personalized vocabular ? March 23, 2012, http://news.163.com/12/0323/12/
pration, anc.p Y 7TIG6BI700014AEE.html)
iFLYTEK’s multivoice synthesis products covered 25 major iFLYTEK established a comprehensive strategic cooperative
languages in the world, filled gaps in China, and overcame the relationship with the three major telecom operators. iFLYTEK had
2013 . . ;. .. . . . .
key technologies of voice recognition, such as digital voice code over 350 million voice cloud downloads and activations and over
and deep learning language recognition 100 million voice input users
iFLYTEK released 3.0 smart voice products and the iFLYTEK
. . » Voice Cloud, with an annual revenue of 1.77 billion, more than
2014 GFLYTEK launched the "{FLYTEK Super Brain Program 600 million end users of the iIFLYTEK Voice Cloud, and more than
55,000 development cooperation projects
iFLYTEK and JingDong performed strategic cooperation and
iFLYTEK released the human-computer voice interface, released the DingDong smart speaker. The total number of users of
2015  defining the new standard of human and voice interaction iFLYTEK’s open platform was 700 million, with 300 million users
technology in the era of the Internet of Things of iFLYTEK’s input method and 18 dialects supported (https://
xueqiu.com/2143043140/135269696)
iFLYTEK’s open platform had more than 3 billion online daily
services, 250,000 partners, and 910 million users (https://www.
2017 iFLYTEK launched “AI education,” entered the medical field, yicai.com/news/5424180.html). iFLYTEK accounted for more

and released its “intelligent medical assistant”

iFLYTEK deeply explored the new combinations of voice Al in
2019 the fields of medical treatment, media, education, politics, and

law

than 60% of the market share in the field of Chinese speech
technology and more than 70% of the market share in the field of
speech synthesis products

(Data sources: shown as table SI in appendix and sorted by authors)

are the epitome of China’s Al enterprises. There are six
factors that affect the coordination mechanism of value
cocreation of the iFLYTEK voice ecosystem, which will be
discussed in following.

5.1. Distribution Coefficient a. With the development of
Internet technology, iFLYTEK has invested a lot of money to
build a developer platform, whatever the cost, sharing more
benefits with its partners and sharing relevant technologies
with the open platform. iFLYTEK’s business philosophy in
its innovation ecosystem has been “working together to

share industrial achievements,” always adhering to the
principle of not directly competing with partners and sin-
cerely cooperating with many partners in the ecosystem to
jointly promote the rapid growth of the voice industry. For
example, iIFLYTEK continues to reduce the threshold of
innovation and promote applications in the field of voice
interaction technology. In 2010, before Echo and Alexa were
launched, iFLYTEK launched its first Chinese voice devel-
oper platform, the ““FLYTEK Voice Cloud,” which provides
partners with free speech recognition technology. The
construction of this intelligent voice platform had a win-win
effect: for entrepreneurs, huge investments in servers were


http://news.163.com/12/0323/12/7T9G6BI700014AEE.html
http://news.163.com/12/0323/12/7T9G6BI700014AEE.html
https://xueqiu.com/2143043140/135269696
https://xueqiu.com/2143043140/135269696
https://www.yicai.com/news/5424180.html
https://www.yicai.com/news/5424180.html
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avoided, and for iFLYTEK, a broad market for small- and
medium-sized enterprises with strong growth potential
was obtained. During this period, Tencent QQ, Gaode,
Ctrip, and other Internet companies were iFLYTEK’s
customers. Just five years later, iFLYTEK AIUI success-
fully went online, sharing rich open resources, strong
customization ability, and complete personalized func-
tions for partners, putting forward new scenarios and
concepts of human-computer interaction and using its
own source innovation technology to achieve the dreams
of more innovative entrepreneurs (Yicai, “IFLYTEK has
released a new version of its $2.1 billion open-platform
AIUL” Baidu, May 18, 2018, http://baijiahao.baidu.com/
s?id=1600781656523033242&wir=spider&for=pc). iFLY-
TEK has also cultivated a number of enterprises in the
voice ecosystem, such as Taoyun Technology Co. Ltd.,
Yunji Technology Co. Ltd., Lieju Technology Co. Ltd., and
Yundong Technology Co. Ltd., through internal entre-
preneurship and strategic investment mechanisms.

By distributing more benefits to the partners, iFLYTEK
innovation ecosystem has gathered more than 1.12 million
AT developers and developed more than 750,000 software
applications. In 2019, iFLYTEK’s consumer business
achieved an operating revenue of 3.625 billion, an increase of
43.99%, and its gross profit was 1.708 billion, an increase of
31.81% (data is from the iFLYTEK annual report in 2019).
Through technology empowerment, market empowerment,
and investment empowerment, the iFLYTEK innovation
ecosystem provides all-round technical cooperation and
operation services for the partners from budding to growing
and continues to create a win-win ecosystem.

5.2. Excess Return AR. Adhering to the concept of “working
together to share industrial achievements,” iIFLYTEK ac-
tively cooperates with universities and scientific research
institutions to establish a joint laboratory for cooperative
research and development and insists on not competing
directly with development partners in terms of cooperation.
iFLYTEK and relevant enterprises form strategic alliances to
carry out innovation activities together to promote the
progress of voice technology in China and realize its in-
dustrial development. Table 3 shows the details. In the era of
knowledge sharing, based on iFLYTEK’s technology inno-
vation platform, each cooperative enterprise has promoted
the formation and evolution of the intelligent voice industry
innovation ecosystem, which is “market-oriented, enter-
prise-oriented, and industry university research-combined.”
In this process, iFLYTEK always plays the role of the core
enterprise and has a key role in the development of the
innovation ecosystem of the intelligent voice industry in
China.

In the cooperation with partners, iFLYTEK has always
maintained the dominant position in the ecosystem and
designed a mutually beneficial mechanism. By 2019, the
iFLYTEK ecosystem has 1.6 million ecological partners. Due
to the numerous partners in the ecosystem, iFLYTEK has
made an in-depth layout in education, consumer, medical,
urban management, and other industries. iFLYTEK has
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established a nationwide marketing channel and service
network. For example, in the field of education, aiming at the
market demand of personalized learning, iFLYTEK has
cooperated with partners in the ecosystem to deeply tap the
value of data and helped schools improve the effectiveness of
students’ learning. Its products have covered more than
16,000 schools across the country. In the field of intelligent
medicine, iFLYTEK intelligent medical assistant of HKUST
has provided 25 million times of auxiliary diagnosis sug-
gestions, with an average of more than 200,000 pieces of data
per day, serving more than 30,000 grassroots” doctors and
benefiting more than 40 million residents. In terms of smart
city governance, iFLYTEK has built a new AI capability
platform “City Super Brain” and built urban smart appli-
cations around urban governance, so as to realize scientific
government decision-making, fine social governance, and
efficient public service. The relevant products have been
launched in nearly 30 cities in 10 provinces in China (data is
from the iFLYTEK annual report in 2019).

5.3. Imitation Costs M, and M,. A big risk faced by many
technology-based companies in the initial stage is that their
core technology is imitated by competitors, and the cost of
this imitation is much lower, so they lose competitiveness.
For example, iFLYTEK builds the Intelligent Voice Industry
Alliance Center to increase the imitation cost of competitors
in the early stage. In March 2000, iFLYTEK cooperated with
a large number of voice experts and scientific research in-
stitutes to launch the project “Voice Entrepreneurship Al-
liance in China.” iFLYTEK has established the knowledge
cooperation network with nearly 100 units including China
University of Science and Technology, Institute of Acoustics
of Chinese Academy of Sciences, Institute of Automation of
Chinese Academy of Sciences, Institute of Language of
Chinese Academy of Social Sciences, Huawei, IBM, and Intel
and jointly established the joint laboratory, namely,
“IFLYTEK Alliance Center” [45]. In 2014, the “Super Brain
Program” was launched to attract the world’s top voice
experts to join in (annual speech of the head of the internal
team of iFLYTEK “Super Brain Project,” [2016-02-01],
https://www.sohu.com/a/57533728_336009). In 2016, the
core research platform was established, and the human-
computer interaction AIUI system was developed, which
expanded Al technology to the fields of smart cities, edu-
cation, and finance. Secondly, iIFLYTEK increases the imi-
tation cost of competitors, which is to use the patent map to
monitor the technology trends of competitors. The patent
map is a kind of patent analysis and research method. It
processes and analyzes patent information, reflects the in-
formation hidden in patent data through various inter-
pretable charts, number of patents, annual growth chart, etc.,
so as to analyze the technology distribution situation and
provide more intuitive information for decision makers.
iFLYTEK uses the patent map to monitor the technology
dynamics of competitors, so as to guide iFLYTEK’s tech-
nology development and strategic layout and effectively
prevent competitors from imitation. iFLYTEK sets a high
technical threshold, which was difficult for rivals to imitate.
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TaBLE 3: iIFLYTEK’s cooperation events.

Year Partners

Cooperation project

Excess returns from cooperation

Establishment of the iFLYTEK Alliance
Center

2000 Huawei, IBM, Intel, Analog, etc.

Multimedia Signal and Intelligent
Information Processing Laboratory,
Department of Electronic Engineering,
Tsinghua University

2006

University of Science and Technology of

2011 China

Cooperation with 19 companies, including
2012 Huawei, Lenovo, China Mobile, China
Telecom, and China Unicom

Joint establishment of Tsinghua
iFLYTEK Speech Technology Joint
Laboratory

Establishment of National Engineering
Laboratory for Intelligent Speech and
Language Information Processing

Partners obtained voice service products.
iFLYTEK held the main voice market share
Tsinghua-iFLYTEK cooperation achieved
major technological breakthroughs in speech
recognition, audio content analysis, speech
retrieval, language understanding, data
mining, and other fields
Cooperation accelerated technological
breakthroughs in human-computer
interaction, Al, and massive information
processing
Cooperation integrated industrial resources,

Joint establishment of the China Speech building a healthy industrial ecosystem, and
Industry Alliance

promoting the development of the Chinese
speech industry

Joint establishment of “Harbin Institute The cooperation strengthened long-term and

2014 Harbin Institute of Technology

2015 York University

2018  MIT Computer Science and AI Lab

of Technology-iFLYTEK Cognitive
Language Computing Joint Laboratory”
Establishment of the iFLYTEK Neural
Computing and Deep Learning
Laboratory

AT Alliance

in-depth research in the field of cognitive
language computing
Cooperation promoted breakthroughs in
neural computing, deep learning, and Al
technology
Cooperation in speech processing, reasoning,
cognition, and Al

It is also an important factor for iFLYTEK becoming a leader
in the voice ecosystem.

5.4. Cost-Sharing Coefficient f. With the arriving of mobile
Internet, iFLYTEK realized that this would be a huge business
opportunity. At the same time, iIFLYTEK received application
demands from small- and medium-sized enterprises and
developers. Before that, iFLYTEK’s customers were mainly
large- and medium-sized enterprises, and the development
costs were too high. After turning to the market of small- and
medium-sized enterprises, the coordination costs were able to
be greatly reduced. In 2010, iFLYTEK released the world’s first
“IFLYTEK Voice Cloud Platform” for mobile Internet intel-
ligent voice interaction and, simultaneously, released the
“Voice Input Method” experience version to re-enter the
consumer market. The launch of this platform greatly reduced
the coordination cost between the partners in the voice
ecosystem. For entrepreneurs, the products can be developed
directly based on iFLYTEK’s Voice Cloud Platform and can
provide services to the outside world, reducing huge invest-
ment on the computer server. For iFLYTEK, it not only
provides a “Voice Cloud Platform” for small- and medium-
sized enterprises but also explores a new market for itself.
Through the voice ecosystem, iFLYTEK has developed more
than 50,000 partners in recent years, and iFLYTEK is also
transforming from a single core technology provider to an
open-platform enterprise. IFLYTEK’s voice innovation eco-
system not only supports the entrepreneurial team but also
cooperates with Ctrip, Sina Weibo, and other large companies
to develop APPs. While spreading voice interaction functions,
iFLYTEK has also won a wide range of users. iFLYTEK

directly obtains income through cooperation with large
companies, and after supporting small- and medium-sized
companies to a certain scale, it will also share the income with
them, thus generating economic benefits for iFLYTEK.
iFLYTEK plays an important role in the voice ecosystem, leads
the key process of the value chain, and constantly creates more
new technologies. The reduction of the cooperation cost has
also improved iFLYTEK’s operating income and earnings’ per
share. Figure 9 shows iFLYTEK’s net profit from 2008 to 2019.

5.5. Cooperation Costs C. When the intelligent voice market
was not mature, iFLYTEK resolutely focused on business-to-
business (B2B) application scenarios, grasping the needs of
B-end users with an open mind and accumulating technical
resources. For example, Huawei, ZTE, Digital China, and
other domestic smart networks, call centers, and business
systems needed to use voice engines to buy iFLYTEK.
iFLYTEK provided the core competence of voice to partners
at a lower cost, and the partners performed specific appli-
cations, which not only helped the partners reduce their
R&D costs but also gave iFLYTEK more business oppor-
tunities. This was the establishment of the “/FLYTEK Inside”
model. When the intelligent voice market was experiencing
explosive growth, the industry competition was gradually
increasing. iFLYTEK was determined to develop the plat-
form and use cloud technology. Based on the needs of small-
and medium-sized enterprises, it continued to iterate the
voice recognition algorithm. For small- and medium-sized
enterprises, the use of the “IFLYTEK Voice Platform” can
significantly reduce huge investments in the server. For
iFLYTEK, it has gained a broader voice cloud market for
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iFLYTEK’s annual net profit
(Unit:100 million yuan)
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Ficure 9: iIFLYTEK’s annual net profit (the data in Figure 9 are
compiled by the author according to iFLYTEK’s annual reports
over the years).

small- and medium-sized enterprises. By reducing the cost
of cooperation, leading enterprises and cooperative enter-
prises can closely strengthen cooperation.

In order to reduce the cooperation cost in the ecosystem,
iFLYTEK has established a layout in three aspects. Firstly,
iFLYTEK has cooperated with universities and research in-
stitutes extensively. The research institute is responsible for the
applied technology research of products, while iFLYTEK is
responsible for turning laboratory achievements into products.
Secondly, iFLYTEK is also actively building an innovative
industrial platform. On the one hand, it took the opportunity
of the “National 863 Plan Achievements’ industrialization
base” in May 2000. Through the organization of capital,
market, talent, and other resources, the industrial operation
support platform is constructed, and the technical advantages
are rapidly transformed into industrial advantages. On the
other hand, iIFLYTEK enables domestic and foreign enter-
prises to create new products on the basis of the iFLYTEK
voice ecosystem and applies voice technology to various in-
dustries, so as to realize all-round penetration of the voice
market. Thirdly, iFLYTEK has built the voice ecosystem,
which has attracted leading enterprises in various industries to
join in. iFLYTEK has also penetrated into the application fields
of various industries, providing a variety of voice products.
There are more than 1500 cooperative development partners
in the ecosystem, including not only leading domestic en-
terprises such as Lenovo, Huawei, and Haier but also inter-
national IT giants such as Intel, Epson, and Siemens VDO.

5.6. Penalties F. The protection of intellectual property rights
is very important for Al enterprises. Patent protection exists
to protect the core competitiveness of product research.
iFLYTEK conducts wide property rights” exploration and the
monitoring of important businesses, adds intellectual prop-
erty protection to the assessment system, and formulates
incentive measures for protection. iFLYTEK has established a
patent monitoring and early warning system for competitors.
According to the analysis results, the enterprise is divided into
three levels of early warning: red, orange, and blue. If the
patent layout and technology direction are influenced, the red
patent warning is issued urgently, and relevant technical
managers are called together to discuss the response plan, so
as to flexibly adjust the patent strategy. If there is an obvious
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but not serious impact on the enterprise, the orange patent
warning can be issued, and the infringement situation can be
reported to the intellectual property department. If the patent
status is normal, the system will detect and display a blue
warning. The patent report is published quarterly or bian-
nually. iIFLYTEK has established a set of patent monitoring
and early warning system to punish imitators and ensure that
its dominant market position can be maintained. Using the
exclusive advantage of patent to punish imitators, IFLYTEK
can use patent litigation to prohibit the sale of products of
defaulting enterprises, so as to protect the sound ecosystem.

6. Discussion

6.1. Conclusions. Based on EGT, this paper constructs the
value cocreation mechanism of the innovation ecosystem of an
AT enterprise and discusses the factors that affect such value
cocreation. Taking iFLYTEK as an example, China’s leading AT
enterprise, six factors are verified that affect the value coc-
reation in the ecosystem. The results show that obtaining an
excess return rate, the distribution coeflicient of the excess
return rate, coordination costs, the cost-sharing coefficient,
imitation costs, and penalties will affect value cocreation in an
innovation ecosystem. The main conclusions are as follows:

First, the cooperation mechanism of leading enterprises in
an Al ecosystem depends on the position of the saddle point.
By establishing the replication dynamic equation, the stable
evolutionary strategy is found. The evolution results show that
there are only two stable results of the game: both sides choose
to cooperate or not to cooperate. The combination of one
party cooperating and the other not cooperating is unstable.
Whether the two sides choose to cooperate or not at the same
time depends on the location of the saddle point. The closer
the saddle point is to (1,1), the higher the probability of both
sides choosing cooperation. The closer the saddle point is to
(0,0), the higher the probability of noncooperation.

Second, the location of the saddle point is determined by
six factors, which are the excess distribution coefficient,
excess returns, imitation costs, the cost-sharing coefficient,
coordination costs, and penalties. The higher the values of
the excess distribution coefficient, the excess returns, the
imitation costs, the cost-sharing coefficient, and the pen-
alties, the more likely leading enterprises and partners are to
cooperate. The lower the value of the coordination costs, the
higher the probability of both sides’ cooperation.

Third, the paper analyzes the establishment process of
the iIFLYTEK innovation ecosystem and the value cocreation
mechanism at different stages of iFLYTEK’s growth, and it
then discusses the role of six factors in iIFLYTEK’s ecosys-
tem. For example, regarding the distribution coefficient,
iFLYTEK adheres to the principle of not directly competing
with partners and sincerely cooperates with many partners
in the ecosystem to jointly promote the rapid growth of the
voice industry. Concerning excess returns, iFLYTEK and
relevant enterprises form a strategic alliance to carry out
innovation activities together to promote the progress of
voice technology in China and realize its industrial devel-
opment. With regard to imitation costs, iFLYTEK set a high
technical threshold and made it difficult for rivals to imitate
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its technology. In terms of the cost-sharing coefficient, the
launch of the “/IFLYTEK Voice Cloud Platform” project has
greatly reduced the coordination costs between the partners
in the voice ecosystem. Concerning cooperation costs,
iFLYTEK provides the core competence of voice to its
partners at a lower cost, and the partners perform the
specific applications, which not only helps the partners
reduce their R&D costs but also provides iFLYTEK with
more business opportunities. With regard to penalties,
iFLYTEK conducts wide property rights exploration, adds
intellectual property protection to the assessment system,
and formulates incentive measures for protection.

6.2. Contributions. The significant theoretical contributions
of this work are threefold. First, our findings contribute to AI
research by providing new insights through the discussion of
dynamic cooperation mechanisms in AI innovation eco-
systems. By solving the equilibrium solution of a replication
dynamic equation, the paper analyzes the dynamic game
process between leading Al enterprises and partners. There
are two kinds of equilibrium strategies in the evolutionary
game, either both parties cooperate or both parties do not
cooperate. The combination of one party cooperating and
the other party not cooperating is unstable. Whether the two
sides cooperate depends on the location of the saddle point.
Our research expands the application of innovation eco-
systems in Al enterprises and explains the dynamic equi-
librium process of Al enterprise value cocreation through
EGT.

Second, the value cocreation mechanism of an Al en-
terprise is constructed, and the six factors affecting value
cocreation are also discussed. Previous studies mainly fo-
cused on AI technology, but less on the cooperation
mechanism between Al enterprises. The research in this
paper is helpful in terms of opening the “black box” of the
value cocreation mechanism and discussing the influencing
factors in different situations for the growth of AI
ecosystems.

Third, combined with the case study, the paper discusses
how AT’s leading enterprises and partners can create value
together in order to obtain maximum benefits. The paper
takes iIFLYTEK as an example to illustrate the six factors that
influence the cooperation of Al enterprises and to explain
how to establish a suitable cocreation mechanism between
leading enterprises and partners.

6.3. Managerial Implications. 'This study provides manage-
rial implications for AI enterprises in terms of formulating
strategies for participating in AI ecosystems. First, it is very
important to find suitable partners and establish long-term
cooperation mechanisms in an Al ecosystem. Most of the
founding teams of AI enterprises have a certain technical
threshold, but it also leads to the misunderstanding of re-
lying too much on technology and ignoring the market.
From technology to product commercialization to indus-
trialization, the process has a long way to go. Therefore, we

Complexity

should break down the narrow understanding of “tech-
nology-based independence” and establish a broad coop-
eration mechanism. In the coordination mechanism of value
cocreation, the choice of partner selection is very important.
The key to long-term cooperation between ecological
partners in the ecosystem is to find suitable partners who can
complement each other, share risks and benefits, improve
the distribution mechanism of benefits, institutionalize the
proportion of excess income distribution, and establish
reasonable standards. Value cocreation can promote the
healthy development of an innovation ecosystem and benefit
all the members of such a system. The basis of value coc-
reation is a reasonable cooperation mechanism and partner
selection criteria.

Second, platform-leading enterprises play a key role in
the development of innovation ecosystems, especially at the
key moment of system development. Partners can partici-
pate in the ecosystem by reducing their cooperation costs.
The way to reduce the costs of cooperation is based on
specialization. In this way, participants only focus on their
best business, not only to improve the scale of their core
business but also to provide more opportunities for their
partners. In this process, platform-leading enterprises need
to be cultivated and supported, improving the coordination
and service of their partners. Moreover, there is inevitably
“hitchhiking” and “technology theft” in cooperation, which
affects the sound operation of the system. This requires
increasing the punishment and supervision mechanisms for
the members involved in the system, strengthening the
protection of intellectual property rights, and restraining the
opportunistic behavior of the participants. Before cooper-
ation, responsibilities, rights, and interests, restrictions with
effective legal contracts and punishments for “technology
theft” should be clearly outlined. Only by establishing re-
straint mechanisms for the sound operation of the system
can we form effective protection for all participants and
establish a suitable environment for an innovation ecosys-
tem of Al enterprises.

Third, when the development of Al enterprises reaches a
certain stage, there are more types of products and a wider
range of businesses. It is necessary to optimize the ecosystem
effect through value cocreation. For example, iFLYTEK set
up an ecological voice platform to realize a huge transfor-
mation from a product provider to a platform provider and
extensively connected consumers, education, city, finance,
and other businesses on this platform. In the further de-
velopment of innovation ecosystems, leading enterprises’
innovation ability and resource allocation ability will help to
clarify the synergy among the species involved. Value
cocreation can accurately grasp the current and future
technological needs, provide products and services with
market prospects, improve the stability and innovation ef-
ficiency of the ecosystem, and accelerate its maturity.

6.4. Limitations and Future Research. This paper constructs
the coordination mechanism of value cocreation in Al
enterprise innovation ecosystems based on EGT. However,
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there are still some limitations to be considered in further
research.

First, the paper focuses on the ecosystem development of
Al enterprises from the perspective of value cocreation. The
exit mechanism in innovation ecosystems can be further
studied. For example, in the process of ecosystem evolution,
the possible reasons for the quits of partners are as follows:
inappropriate partners, violation of the original intention of
cooperation, and unreasonable distribution of interests.
Second, the paper considers value cocreation from the
perspective of platform-leading enterprises. Value cocrea-
tion can also be considered from the perspective of partners.
Third, although iFLYTEK has experienced great success in
the field of voice, it has also gone through numerous detours
in terms of its growth. The failures of Al enterprises are also
worthy of further study. With the emergence of more and
more Al enterprises in China, it is of great significance to
study how to build an innovation ecosystem to enable the
development of AI enterprises.
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