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Abstract: Driven by data, the cross-border expansion of head platforms (HPs) leveraging
their data advantages increasingly impacts small and medium-sized platforms (SMPs) and
the market innovation ecosystem. This paper constructs a two-stage evolutionary game
model to depict the competitive dynamics between HPs and SMPs from the perspective of
platforms’ behaviors and strategies. This study finds that, in the core market, HPs’ expansion
and SMPs’ retention depend on three factors: HPs’ expansion costs and their impact on data
resources, SMPs’ operational costs and their impact on data resources, and the gap in the
data value between the platforms. In related markets, under a competitive environment, HPs
with a greater innovation influence tend to choose cross-border innovation, while resource-
limited SMPs may opt for non-innovation. However, if SMPs have a greater innovation
influence but face high costs, the game will not converge to a specific equilibrium. In a
monopolistic environment, stable strategies are driven by the scale of innovation and the
innovation influence of each platform. Except in cases of minor innovation with a strong
innovation influence from SMPs or major innovation with a strong influence from HPs, SMPs’
innovation influence and innovation costs are decisive in the game.

Keywords: data elements; cross-border competition; cross-border innovation; cross-border
monopoly; evolutionary game

1. Introduction
In the era of the digital economy, data have become a key production factor, driving

digital platforms to play a central role in resource allocation, innovation, and industry
integration [1]. These platforms can be categorized into super platforms, large platforms,
and small platforms, based on user numbers, constraints, and business scope [2,3]. This
classification provides a standardized and differentiated framework for the platform econ-
omy. It also highlights the significant disparities between head platforms (HPs) and small
and medium-sized platforms (SMPs) in terms of data accumulation, technological capabili-
ties, and market influence. Against the backdrop of HPs leveraging their data advantages
to expand across industries, how platforms of different tiers utilize their data resources
to capture new opportunities and the challenges they face is a critical question. These
uncertainties are not only relevant to theoretical research but are also closely linked to
current market strategies and policies. Existing research has largely focused on the overall
development trends and competitive strategies of platforms [4,5], but there has been limited
exploration of competitive and innovative strategies for cross-border expansion of HPs
within the data-driven platform tiering framework.

In the early stages of the platform economy, platforms generally had limited data
resources and market shares, and the data advantage of HPs was not yet significant [6].
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The competition was primarily focused on their core business. With the advancement
of intelligent algorithms and computational power, the scale of the data accumulated by
platforms has continued to grow. Under the winner-takes-all effect, HPs have gained a
substantial competitive advantage, while SMPs, due to their limited data resources, face
the risk of market elimination [7].

As the platform economy enters its mature stage, data growth in the core markets of
HPs tends to be saturated [8]. This drives them to leverage the massive data resources accu-
mulated in their core markets to expand into related markets along the industry chain [9,10].
For example, Amazon transformed itself from a single online bookstore into an integrated
online retailer and expanded into the cloud computing market by leveraging its data pro-
cessing advantages. Furthermore, HPs can acquire potential competitors through mergers
and acquisitions [11] or use their data advantages to engage in vertical exclusion [12],
thereby squeezing the market space of SMPs in related sectors and even suppressing mar-
ket innovation. However, the cross-border innovation of HPs also demonstrates significant
competitiveness, not only in traditional business transformations but also in the integration
of new technologies and the innovation of business models [6]. At the same time, in a
diversified market environment, research and development (R&D) often becomes a key
factor that SMPs utilize to secure a foothold in the market [13]. These SMPs tend to be
more sensitive to market changes, often driving disruptive data technology innovations
that inject new vitality into the market [14]. However, these disruptive innovations may
threaten the market position of HPs. Given the dynamic impact of platform innovation on
market capacity and the market share of different platforms, when the market approaches
saturation, similar innovation investments may no longer yield significant data growth,
indicating a diminishing marginal return on innovation [15]. Nevertheless, SMPs’ data-
driven innovations may still reshape the market competition landscape [13], influencing
the cross-border strategies of HPs.

Driven by the advantages of data, platforms’ cross-border expansion behaviors are
reshaping market competition and innovation ecosystems. Existing research has focused
on platforms’ cross-border expansion and innovation [16–18], but several theoretical issues
remain to be addressed: First, the static analysis paradigm struggles to capture the dynamic
flow characteristics of data elements. It also often overlooks the heterogeneity between
platforms of different scales. Second, research on cross-border innovation often takes a
macro perspective, lacking a micro-level analysis of the differentiated innovation strategies
of platforms with different data scales. Third, existing game models are mostly limited
to single-market scenarios and have yet to reveal the complex interactive mechanisms of
cross-market competition.

This study aims to solve the following questions from the perspective of data elements:
(1) Will HPs leverage their data advantages to adopt expansion strategies in their core
markets? In the face of this data advantage, will SMPs in these markets choose to exit due
to their disadvantage in data resources? (2) After HPs use their data advantages to expand
into related markets, should they engage in cross-border innovation in the new markets, or
should they utilize their existing data resources to implement cross-border monopolization?
(3) In response to the cross-border monopolistic or competitive behavior of HPs leveraging
their data advantages, should SMPs in related markets continue investing in innovation to
bridge the data gap and enhance competitiveness, or should they maintain the status quo
to mitigate risks?

The main contributions of this paper are as follows: First, this paper incorporates
data elements into the platform strategy game analysis framework, providing an in-depth
analysis of the two-stage game behavior of HPs in both core and related markets, as well
as the strategic evolution paths of HPs and SMPs. It clarifies how cross-border behavior
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based on data advantages impacts the innovation process in competitive or monopolistic
environments. This contributes to a better understanding of platform competition dy-
namics driven by data elements in academic research. Second, after the data elements
of HPs are transferred from the core market to related markets, this paper proposes that
innovation intensity (major or minor) and innovation impact are the key determinants of
game evolution. Third, this paper provides management decision-making guidance for
both HPs and SMPs regarding competition and innovation under data-driven, cross-border
behavior, helping them adapt to the ever-changing market environment.

The remainder of this paper is organized as follows: Section 2 reviews the relevant
literature on cross-border competition, cross-border innovation, and evolutionary game
theory. Section 3 analyzes the game dynamics between HPs and SMPs in the core market.
Sections 4 and 5 analyze the game dynamics between HPs and SMPs after HPs expand into
related markets, with Section 4 focusing on competitive environments and Section 5 on
monopolistic environments. Finally, Section 6 summarizes the conclusions and managerial
insights and provides directions for future research.

2. Literature Review
The literature related to this study mainly focuses on three aspects: platforms’ cross-

border competition, cross-border innovation, and evolutionary game theory.

2.1. Cross-Border Competition

Platforms are always faced with the potential emergence of competing platforms [19].
The network effects and data accumulation advantages of two-sided markets make it easier
for platforms to engage in cross-border expansion within the industry chain [5]. The moti-
vation behind such cross-border behavior stems from the fact that existing data resources
can reduce the difficulty of entering new markets [18]. However, the accessibility and
competitiveness of data in the market are important variables. Platforms will only consider
entering a new market when they foresee substantial economic benefits from the cross-
border move [20]. The phenomenon of cross-border expansion not only reflects the absence
of significant economies of scale in the related markets but also suggests that the platform’s
business has not yet reached economies of scope. In markets with limited competition, a
platform’s cross-border strategy may enhance user stickiness through data-driven price
optimization and service quality improvements, thereby benefiting consumers [21]. Due to
the complementary nature of data [18], platforms can gain a competitive advantage across
multiple domains when integrating related businesses by controlling key infrastructures,
R&D technologies, and talent, thus gaining a data-driven competitive edge [16,22]. Some
scholars have explored the cross-market transmission of platforms’ competitive advan-
tages from the perspective of data leverage, viewing the competitive advantage created
by combining data and algorithms as a form of leverage [22]. Platforms can use this data
advantage to quickly establish a competitive position in new markets with minimal costs.
However, when a dominant platform holds a large share and earns significant profits in its
core market, it may adopt a data monopoly strategy during cross-border expansion [23],
which reduces the economic efficiency of the related industry and leads to an uneven
distribution of benefits. When platforms expand into new markets, there can be positive
feedback effects that amplify and strengthen their competitive advantages [5,24], as well
as negative feedback effects that magnify operational flaws. Expansion into new markets
can increase the loyalty of existing users and attract new users from the new market. Addi-
tionally, the cyclical feedback of data and algorithms may drive platforms to repeatedly
exploit merchants or consumers, maximizing platform profits [25] while reducing user
welfare [26].
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Existing research has discussed the motivations for platforms’ cross-border competi-
tion, its competitive effects, and the pathways through which competitive advantages are
transmitted. However, there are two main limitations in the existing literature: First, most
studies adopt static equilibrium analysis methods, which fail to fully reveal the dynamic
evolutionary characteristics of data elements’ cross-market flow. Second, there is a common
assumption of platform homogeneity, neglecting the heterogeneity of platforms in terms of
data scale and competitive strategies. To address these limitations, this study is the first
to construct a dynamic competition model for platforms of different data scales. Using
the evolutionary game analysis framework, it reveals the game characteristics of HPs in
cross-border decisions, as well as the path dependence in the process of the data flow across
markets. This study not only fills a theoretical gap but also provides a new perspective for
understanding the complex dynamics of platforms’ cross-border competition.

2.2. Cross-Border Innovation

The concept of cross-border innovation was first introduced by Enkel and Gassmann [27],
referring to the innovative activities where companies integrate new external knowledge
with their core products during cross-industry expansion. From a data-driven perspective,
cross-border innovation connects the data value of core operations with that of related
markets to create new value innovations [28]. The data-driven dividends across domains
create more development opportunities for platforms and enhance cross-border innovation
performance [29], including the cross-industry integration of data elements [18], business
model updates [30], user demand satisfaction [31], and an increased user scale [9]. More-
over, cross-border innovation also helps achieve precise alignment between products and
consumer demands across related industry chains [32]. From the perspective of platform
value networks and innovation capabilities, some studies have found that, during the
process of the cross-border integration of ecosystems, platforms focus on accumulating
and integrating innovative resources to build new value networks [33,34]. This integration
not only effectively meets platform user demands but also leverages the inherent network
effects of the platform economy to create positive feedback loops, accumulating more data
resources [35]. In cross-border competition, platforms rely on their strong data foundations
to drive cross-border innovation, injecting new vitality into their ecosystems and further
promoting both internal and external collaborative innovation within the ecosystem [17,36,37],
enabling the cross-industry co-creation of data value. Especially for small and medium-sized
enterprises, the different dimensional characteristics of big data (such as volume, variety,
velocity, etc.) can significantly impact the breadth and depth of their open innovation [38].
Some scholars argue that cross-border monopolization by platforms may suppress innovation
from other competing platforms in the market [23,24]. This is because the feedback loop of
data and capital as production factors leads to the concentration of more advantageous data
resources in HPs, and the strong user lock-in effect makes it difficult for other competing
platforms to access effective data and engage in innovative R&D.

The existing literature on cross-border innovation primarily focuses on how platforms
utilize data resources for cross-industry integration, optimizing business models, and
enhancing user demand matching. However, existing research generally emphasizes the
general behaviors of platforms. This paper aims to reveal the differentiated behavioral logic
of platforms with different data scales in cross-border innovation, with particular focus
on the differences in data resources, innovation costs, and innovation impacts and how
these factors influence platforms’ cross-border innovation strategies. The goal is to provide
theoretical support for addressing the innovation competition of platforms driven by data,
enriching the existing theoretical framework on platforms’ cross-border innovation.
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2.3. Evolutionary Game Theory

Traditional game theory often relies on assumptions of fully rational participants and
a perfectly informed environment. However, these conditions are rarely met in practice.
Platforms in the real world cannot stabilize the entire data ecosystem through a single
strategy choice; instead, they must undergo long-term learning and strategy adjustments
to reach the final equilibrium. Under the assumptions of the limited rationality of the
game participants and imperfect information in the game environment, Nash’s evolu-
tionary game theory considers the continuous trial-and-error and imitation processes of
participants during the game. Since the equilibrium points in the game may differ under
varying data conditions or market environments, the system’s convergence in evolutionary
game theory is not unique, which aligns with the complexity of the data-driven platform
economy. Evolutionarily stable strategies (ESSs) identify the strategy combinations chosen
by participants after repeated games [39]. Taylor and Jonker [40] introduced the concept of
“replicator dynamics”, which emphasizes that the probability of a participant’s strategy
choice is not fixed but varies according to the strategy choices of other participants. In the
field of platform economics, evolutionary game theory has been applied to analyze the
behavioral strategies of various players. Research has explored the dynamic evolutionary
processes of cooperation and competition among e-commerce firms [41]; the industrial
chain cooperation game between logistics platforms and suppliers [42]; the evolutionary
game of information sharing in supply chains [43]; supply chain procurement costs [44]
and collaborative innovation in platform ecosystems [45]; and the dynamic evolution of
competitive intensity and innovation decisions [46].

In the existing literature, evolutionary game theory is mainly used to analyze the adap-
tive development strategies adopted by competitive agents under conditions of bounded
rationality and information asymmetry. However, most studies focus on the gamified
relationships in single markets or specific scenarios, with less exploration of the dynamic
game process among the participants from the perspective of data-driven cross-market
behavior. This paper constructs a two-stage evolutionary game model to examine the
competitive dynamics between HPs and SMPs in both core markets and related markets.
In a data-driven platform economy, HPs and SMPs face different competitive pressures
and opportunities due to the disparities in their data resource endowments, depending on
their market positions. Their strategic choices, based on data advantages or disadvantages,
are crucial for shaping the competitive landscape and innovation dynamics in the market.
Therefore, it is necessary to conduct a deeper investigation into the strategic interactions
between HPs and SMPs, particularly in the context of data-driven cross-border competition
and innovation.

3. Core Market: Expansion of HPs and Exit of SMPs
In the real digital platform market, Meta (formerly Facebook) expanded in the core

social media market by leveraging its data advantages to increase advertising revenue and
enhance user engagement. As the number of users grew, Meta’s advertising system became
more precise, with the platform utilizing user behavior data to optimize ad performance
and achieve commercial breakthroughs. Meanwhile, some SMPs (such as MySpace, Vine,
etc.), due to a lack of comparable data resources and advertising technology to Meta, faced
immense competitive pressure and ultimately chose to exit the market or maintain existing
operations, unable to compete with Meta.

Considering the transaction data available to platforms, which includes both individ-
ual user information and aggregated market-wide information, as platform competition
shifts from traffic-based competition to competition based on data stock, data have become
increasingly important for the development of platforms. Therefore, this study aims to
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explore the strategic interactions between HPs and SMPs from the perspective of the user
traffic value.

3.1. Model Parameters for Core Market

The game participants include HPs and SMPs, both of which exhibit limited rationality.
During their development process, HPs face two strategic choices: to expand or not to
expand. In contrast, due to the asymmetry in the market structure, SMPs face two strategic
choices: to exit or not to exit the market. Let the probability of an HP adopting an expansion
strategy be denoted as q, and the probability of adopting a non-expansion strategy as 1 − q,
where 0 ≤ q ≤ 1. For SMPs, the probability of choosing to exit the market is denoted as p,
while the probability of choosing not to exit is 1 − p, where 0 ≤ p ≤ 1.

The initial data resources of the HPs are denoted as N1, with the value created by
each unit of data being V1. Similarly, the initial data resources of the SMPs are denoted
as N2, with the value created by each unit of data being V2. Driven by network effects,
the platform’s data scale is positively related to its ability to attract users. In the process
of acquiring and processing data resources, platforms need to invest corresponding costs.
Therefore, the data processing cost required for an HP to adopt an expansion strategy is
denoted as c1, while the data operation cost required for an SMP to continue competing
in an asymmetric market structure is denoted as c2. For HPs, the purpose of adopting
an expansion strategy is to acquire more data resources to strengthen their competitive
advantage. Hence, we assume that the impact of this expansion behavior on the platform’s
data scale is represented by γ, where 0 ≤ γ ≤ 1. Correspondingly, for SMPs, choosing to
remain in the market and continue participating in competition impacts their data scale,
which is represented by λ, where 0 ≤ λ ≤ 1.

3.2. Replication Dynamic Analysis in the Core Market

Considering the characteristics of online platforms and the central role of data re-
sources [47], this study analyzes the impact of HPs adopting expansion or non-expansion
strategies on themselves and other platforms. For this purpose, the payoff matrix in Table 1
was constructed.

Table 1. The payoff matrix of the game between two types of platforms in core markets.

HP
SMP

Exit (p) Non-Exit (1−p)

Expansion (q) N1V1(1 + γ)− c1
0

N1V1(1 + γ)(1 − λ)− c1
N2V2(1 − γ)(1 + λ)− c2

Non-expansion (1 − q) N1V1
0

N1V1(1 − λ)
N2V2(1 + λ)− c2

When an HP chooses the expansion strategy, it needs to consider the behavior decisions
of SMPs. If an SMP chooses to exit with a probability of p, an HP receives a payoff of
N1V1(1 + γ)− c1. If an SMP chooses the non-exit strategy with a probability of 1 − p, an
HP receives a payoff of N1V1(1 + γ)(1 − λ)− c1. Therefore, the expected payoff, E11, for an
HP when choosing the expansion strategy is the weighted average of these two scenarios:

E11 = p{N1V1(1 + γ)− c1}+ (1 − p){N1V1(1 + γ)(1 − λ)− c1} (1)
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Similarly, when an HP chooses the non-expansion strategy, it also needs to consider
the exit probability, p, and the non-exit probability, 1 − p, of SMPs. The expected payoff,
E12, is the weighted average of these two scenarios:

E12 = pN1V1 + (1 − p)N1V1(1 − λ) (2)

The average expected payoff, E1, is

E1 = qE11 + (1 − q)E12 (3)

The replicator dynamic process describes how game participants adjust the proba-
bility values of their choices based on the effects of their current strategies in a changing
environment [40]. Specifically, the adjustment process of probability values p and q can be
represented by differential equations, which are the replicator dynamic equations. Then,
the replicator dynamics equation, F(q), for an HP is

F(q) = dq
dt = q

(
E11 − E1

)
= q(1 − q)[N1V1γ − c1 − (1 − p)N1V1γλ]

(4)

For Equation (4), we derive

F′(q) = (1 − 2q)[N1V1γ − c1 − (1 − p)N1V1γλ] (5)

Based on the relative stability principle of the replicator dynamics equation, if F(q) = 0
and F′(q) < 0, then q is stable. Even in the presence of small perturbations, the replicator
dynamics will eventually return to this point. Let F(q) = 0, which yields q∗ = 0 or q∗ = 1,
and the critical value of p∗ is p∗ = c1−N1V1γ(1−λ)

N1V1γλ .
Next, we analyze the replicator dynamics for SMPs. When an SMP chooses the exit

strategy, it needs to consider the behavior decisions of HPs. If an HP chooses expansion
with a probability of q, an SMP receives a payoff of 0. If an HP chooses non-expansion with
a probability of 1 − q, an SMP receives a payoff of 0. Therefore, the expected payoff E21 for
an SMP when choosing the exit strategy is the weighted average of these two scenarios.

E21 = q · 0 + (1 − q) · 0 = 0 (6)

Similarly, when an SMP chooses the non-exit strategy, it needs to consider an HP’s
expansion probability q and non-expansion probability 1 − q. The expected payoff E22 for
an SMP is the weighted average of these two scenarios:

E22 = q[N2V2(1 − γ)(1 + λ)− c2] + (1 − q)[N2V2(1 + λ)− c2] (7)

The average expected payoff E2 is

E2 = pE21 + (1 − p)E22 (8)

Then, the replication dynamic equation for an SMP, F(p), is

F(p) = dp
dt = p

(
E21 − E2

)
= (1 − p)[c2 − N2V2(1 + λ) + qN2V2(1 + λ)γ]

(9)

For Equation (9), we derive

F′(p) = (1 − 2p)[c2 − N2V2(1 + λ) + qN2V2(1 + λ)γ] (10)
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Similarly, if F(p) = 0 and F′(p) < 0, then p is the stable strategy for SMPs. Let
F(p) = 0, which yields p∗ = 0 or p∗ = 1, and the critical value of q∗ is q∗ = N2V2(1+λ)−c2

N2V2(1+λ)γ
.

Next, we analyze the replicator dynamics of the two types of platforms and derive
Lemma 1. The proofs of all the lemmas and propositions are provided in Appendix A.

Lemma 1. In the core market, for the following is true:

(i) For the HPs, (1) when p = p∗ = c1−N1V1γ(1−λ)
N1V1γλ and F′(q) ≡ 0, both the expansion and

non-expansion strategies are equilibrium points. (2) When p > p∗, F′(q∗)
∣∣q∗=1 < 0 , and

q∗ = 1, the expansion strategy is locally stable. (3) When p < p∗, F′(q∗)
∣∣q∗=0 < 0 , and

q∗ = 0, the non-expansion strategy is locally stable
(ii) For the SMPs, (1) when q = q∗ = N2V2(1+λ)−c2

N2V2(1+λ)γ
and F′(p) ≡ 0, both the exit and non-exit

strategies are equilibrium points. (2) When q > q∗, F′(p∗)
∣∣p∗=1 < 0 , and p∗ = 1, the exit

strategy is locally stable. (3) When q < q∗, F′(p∗)
∣∣p∗=0 < 0 , and p∗ = 0, the non-exit

strategy is locally stable.

3.3. Stability Analysis in the Core Market

The evolutionary game between HPs and SMPs has five local equilibrium points,
which are (0, 0), (0, 1), (1, 0), (1, 1), and (p∗, q∗). To determine the stability of these five
equilibrium points, the Jacobian matrix, J, is constructed using the replicator dynamics
equations derived from Equations (1) and (2). The matrix, J, is as follows:

J =

 ∂F(p)
∂p

∂F(p)
∂q

∂F(q)
∂p

∂F(q)
∂q

 =

[
J11 J12

J21 J22

]
, where

J11 = (1 − 2p)[c2 − N2V2(1 + λ) + qN2V2(1 + λ)γ]

J12 = p(1 − p)N2V2(1 + λ)γ

J21 = q(1 − q)N1V1γλ

J22 = (1 − 2q)[N1V1γ − c1 − (1 − p)N1V1γλ].

According to the Lyapunov stability discriminant method, the five equilibrium points
are substituted into the above Jacobian matrix, and if the determinant, detJ, is greater than
zero and the trace, tr J, is less than zero, the equilibrium point can be judged to be an
evolutionary stability strategy (ESS). The conditions are as follows:

detJ =

∣∣∣∣∣J11 J12

J21 J22

∣∣∣∣∣ = J11 J22 − J12 J21 > 0 and tr J = J11 + J22 < 0.

As shown in Table 2, at the equilibrium point (q∗, p∗), where J11 + J22 = 0, the trace
condition, tr J, is not satisfied. Therefore, it is only necessary to analyze the stability of the
remaining four equilibrium points. When 0 ≤ p∗ ≤ 1, N1V1γ(1 − λ) ≤ c1 ≤ N1V1γ; when
0 ≤ q∗ ≤ 1, N2V2(1 + λ)(1 − γ) ≤ c2 ≤ N2V2(1 + λ). Under the conditions of 0 ≤ p∗ ≤ 1
and 0 ≤ q∗ ≤ 1, it can be known that detJ

∣∣∣(0,0) > 0 , tr J
∣∣∣(0,0) < 0 , detJ

∣∣∣(1,1) > 0 , and

tr J
∣∣∣(1,1) < 0 are all satisfied.

Table 2. Stability analysis of each equilibrium point.

Equilibrium Point detJ tr J Equilibrium
Result

(0, 0) + − ESS
(0, 1) + + Unstable point
(1, 0) + + Unstable point
(1, 1) + − ESS

(q∗ , p∗) + 0 Saddle point
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By combining Table 2 with Figure 1a, it can be seen that the evolutionary game
converges to the two points, (0, 0) and (1, 1), corresponding to the strategies {non-expansion,
non-exit} and {expansion, exit}, respectively. The position of the saddle point, D(q∗, p∗), in
Figure 1a determines the system’s tendency toward one of the two equilibrium states. If
the position of D(q∗, p∗) is in region 2, meaning that q∗ and p∗ are smaller than 1

2 , then the
system will converge to the equilibrium point (1, 1), as shown in Figure 1b.
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Given p∗ = c1−N1V1γ(1−λ)
N1V1γλ and q∗ = N2V2(1+λ)−c2

N2V2(1+λ)γ
, we can derive the following propositions.

Proposition 1. If c1 < N1V1γ
(

1 − 1
2 λ

)
, then p∗ < 1

2 , and if c2 > N2V2(1 + λ)
(

1 − 1
2 γ

)
,

then q∗ < 1
2 , and the game converges to the equilibrium point {expansion, exit}.

This proposition illustrates that when the cost of the expansion strategy (c1) for HPs
decreases, or the impact of the expansion strategy on the data scale (γ) increases; when the
data operation cost (c2) for SMPs increases, or the impact of the non-exit strategy on the
data scale (λ) decreases; or when the total data value difference between the two platforms
(N1V1 − N2V2) grows, the system’s tendency to converge to the equilibrium point (1, 1)
strengthens. Consequently, HPs adopt the expansion strategy, while SMPs choose to exit
the market. This proposition reveals that HPs should optimize data technologies (such as
AI algorithms and cloud computing) to improve their data processing efficiency and reduce
marginal costs, while SMPs must establish barriers early on through rapid innovation or
differentiated positioning; otherwise, they may be eliminated by the expansion strategies
of HPs.

Taking the social media platform Meta as an example, it has expanded its market share
by collecting vast amounts of user data, optimizing its advertising algorithms, and reducing
data processing costs. In contrast, SMPs like MySpace, with limited data resources, are at a
disadvantage in the competition. Although MySpace has not completely exited the market,
its market share has significantly shrunk, making it unable to compete with Meta in terms
of its user base and advertising revenue.

Proposition 2. If c1 > N1V1γ
(

1 − 1
2 λ

)
, then p∗ > 1

2 , and if c2 < N2V2(1 + λ)
(

1 − 1
2 γ

)
,

then q∗ > 1
2 , and the game converges to the equilibrium point {non-expansion, non-exit}.

This proposition indicates that when the expansion strategy cost of HPs (c1) increases,
or the impact of the expansion strategy on the platform data scale (γ) decreases; when
the data operation cost of SMPs (c2) decreases, or the impact of the non-exit strategy
on the platform data scale (λ) increases; or when the total difference in the data value
between the two platforms (N1V1 − N2V2) decreases, the system will exhibit a stronger
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tendency to converge toward the equilibrium point (0, 0). In this case, HPs adopt the
non-expansion strategy, while SMPs choose not to exit the market. Under this scenario,
point D(q∗, p∗) is located in region 1, where the system converges toward the equilibrium
point (0, 0), and the tendency toward this equilibrium is intensified, as shown in Figure 1c.
This proposition highlights that HPs should carefully assess the costs and benefits of
expansion to avoid resource wastage from blind growth, while SMPs should enhance their
competitiveness through technological innovation and refined operations, establishing
differentiated advantages in specific areas.

3.4. Sensitivity Analysis in the Core Market

To further explore the impact of the expansion strategy of HPs on the data scale (γ)
and the impact of the non-exit strategy of SMPs on the data scale (λ), this study assigned
values to the model’s parameters and conducted numerical simulations using Matlab.
Based on the app ranking data provided by Aurora iAPP, the data scales of the top three
HPs are approximately five times larger than those of the SMPs ranked between 10 and 15.
Therefore, we assume that N1V1 = 5 and N2V2 = 1. The cost for HPs is c1 = 1.6, and the
cost for SMPs is c2 = 1.0.

As shown in Figure 2, as the impact of the HPs’ expansion strategy on the data scale
(γ) increases, the impact of the SMPs’ non-exit strategy on the data scale (λ) decreases. The
game results tend to converge towards (1, 1), indicating that the HPs expand while the
SMPs exit the market.
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Although the HPs have accumulated substantial data resources in the core market, the
benefits of expansion will decrease when the cost of the HPs’ expansion strategy increases or when
their impact on the data scale (γ) diminishes. This change prompts HPs to reassess their strategies
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and lean toward adopting the non-expansion strategy to avoid additional data processing costs or
diminished data returns. Additionally, as the impact of the SMPs’ non-exit strategy on the data
scale (λ) increases, the SMPs realize that staying in the market remains profitable. As a result, the
game will tend towards the {non-expansion, non-exit} equilibrium.

In the context of the platform economy, network externalities give platforms a signifi-
cant first-mover advantage when entering the market. This implies that once these HPs
have accumulated substantial data resources in the market, they possess immense market
power, making it extremely challenging for emerging SMPs to enter or expand their market
share, especially in data-intensive sectors such as the social media market. While these HPs
may provide users with free core services, such as messaging or content sharing, they have
built a large and active data ecosystem, which provides them with powerful data analytics
and value creation advantages. With these advantages, HPs can easily expand into related
areas, such as e-commerce, advertising, or financial services, and create more value and
revenue in these new business areas.

4. Competition and Innovation Strategies Under the Cross-Border
Expansion of Platforms

In fact, Meta has leveraged its advantage in user information and used its data flow
to expand its business from social networking and communication to markets such as
digital advertising, the metaverse, and online gaming. By acquiring Instagram in 2012
and WhatsApp in 2014, Meta successfully achieved cross-border expansion into related
markets, like instant messaging and photo sharing. This expansion created significant
competitive pressure for SMPs (such as Snapchat). Although Snapchat attracted users
through innovation (such as augmented reality technology), it still struggled to compete
with Meta in terms of data resources. As a result, Snapchat not only faces enormous
challenges but also needs to continuously optimize its products and business models to
find new breakthroughs.

HPs like Meta leverage their existing data resources, data analytics technologies, and
capital advantages to compete with rivals in related markets. The cross-border competition
strategy aims to consolidate or expand their data advantages in new markets by acquiring
more high-quality data. At the same time, HPs can meet potential needs through cross-
border innovation and reshape the market competition landscape through data integration.
For SMPs, they may choose to maintain their current business modes to reduce data
operation risks and costs or pursue innovation to enhance their competitiveness, seeking
new paths to compete with HPs.

Therefore, the game participants include the HPs and the SMPs in the related market.
When HPs leverage their data advantages to expand into related markets, both types of
platforms can access certain information to adjust their respective competitive strategies.
However, considering the complexity of the market environment and the limitations in
resource acquisition for both parties, their decision-making processes reflect a bounded
rationality in terms of data-driven decisions. Based on the principle of maximizing their
interests, these platforms will continuously adjust their behavioral strategies.

4.1. Model Parameters for Related Markets

In the related market, the data resources of SMPs are denoted as N3, and the value
created by each unit of data for the platform is V3. The cost of data-driven innovation is c3.
The data resources accumulated by the HPs in the related market are denoted as N11, and
the cost of cross-border innovation is c′1. Additionally, any platform’s innovative behavior
results in a change in its degree of the market share, denoted as h, where 0 < h ≤ 1
represents minor innovation, and h > 1 represents major innovation. Any platform’s
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innovative behavior also results in a change in the overall market size, denoted as η, where
0 ≤ η ≤ 1. Considering that both HPs and SMPs adopting innovation strategies can
influence h and η, it is assumed that the impact on the overall market growth rate, η, is
represented by the influence coefficient a2, where 1 ≤ a2 ≤ 2. For the impact on h, the
influence coefficient is denoted as a1, where 0 < |a1| ≤ 1, and if the HPs’ innovation
influence is greater than that of the SMPs, −1 ≤ a1 < 0, then 1 + a1h < 1 − a1h < 1 + h.
Conversely, if the innovation influence of SMPs is greater, 0 < a1 ≤ 1, then 1− h < 1− a1h <

1+ a1h.
Assume that the HPs adopt a cross-border competition strategy with a probability of q

and adopt a cross-border innovation strategy with a probability of 1 − q, where 0 ≤ q ≤ 1.
For SMPs, the probability of choosing innovation is p, while the probability of maintaining
the status quo is 1 − p, where 0 ≤ p ≤ 1.

4.2. Replication Dynamic Analysis in Competitive Related Markets

Based on the above model assumptions, the payoff matrix for the innovation strategies
of HPs and SMPs in the related market was constructed, as shown in Table 3.

Table 3. The payoff matrix for the game between two types of platforms in the related market
(competitive environment).

HP
SMP

Innovation (p) Non-Innovation (1−p)

Cross-border competition (q) (N1 + N11)(1 − h)(1 + η)V1
N3V3(1 + h)(1 + η)− c3

(N1 + N11)V1
N3V3

Cross-border innovation (1 − q)
(N1 + N11)(1 − a1h)(1 + a2η)V1 −

c′1
N3V3(1 + a1h)(1 + a2η)− c3

(N1 + N11)(1 + h)(1 + η)V1 − c′1
N3V3(1 − h)(1 + η)

When an HP chooses the cross-border competition strategy, if an SMP chooses inno-
vation with a probability of p, an HP receives a payoff of (N1 + N11)(1 − h)(1 + η)V1. If
an SMP chooses non-innovation with a probability of 1 − p, an HP receives a payoff of
(N1 + N11)V1. Therefore, the expected payoff, U11, for an HP when choosing the cross-
border competition strategy is the weighted average of these two scenarios:

U11 = p[(N1 + N11)(1 − h)(1 + η)V1] + (1 − p)[(N1 + N11)V1] (11)

When an HP adopts the cross-border innovation strategy, its expected payoff, U12, is

U12 = p
[
(N1 + N11)(1 − a1h)(1 + a2η)V1 − c′1

]
+ (1 − p)

[
(N1 + N11)(1 + h)(1 + η)V1 − c′1

]
(12)

The average expected payoff, U1, is

U1 = qU11 + (1 − q)U12 (13)

Then, the replicator dynamics equation for an HP, F(q), is

F(q) == q(1 − q)
{
−(N1 + N11)(η + h + ηh)V1 + c′1 + p(N1 + N11)V1[(2 − a2)η + a1h + a1a2ηh]} (14)

Let F(q) = 0, which gives q∗ = 0 or q∗ = 1, and the critical value of p∗ is

p∗ = (N1+N11)(η+h+ηh)V1−c′1
(N1+N11)V1[(2−a2)η+a1h+a1a2ηh] .

Next, we analyzed the replicator dynamics for SMPs. When an SMP chooses the
innovation strategy, it needs to consider the behavior decisions of an HP. If an HP
chooses cross-border competition with a probability of q, an SMP receives a payoff of
N3V3(1 + h)(1 + η)− c3. If an HP chooses cross-border innovation with a probability of
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1 − q, an SMP receives a payoff of N3V3(1 + a1h)(1 + a2η)− c3. Therefore, the expected
payoff, U21, for an SMP when choosing the innovation strategy is the weighted average of
these two scenarios:

U21 = q[N3V3(1 + h)(1 + η)− c3] + (1 − q)[N3V3(1 + a1h)(1 + a2η)− c3] (15)

When an SMP chooses the non-innovation strategy, its expected payoff, U22, is

U22 = qN3V3 + (1 − q)N3V3(1 − h)(1 + η) (16)

The average expected payoff, U2, is

U2 = pU21 + (1 − p)U22 (17)

Then, the replication dynamic equation for an SMP, F(p), is

F(p) == p(1 − p){N3V3[(a2 − 1)η + (1 + a1)h + (1 + a1a2)ηh]− qN3V3[(a2 − 2)η + a1h + a1a2ηh]− c3} (18)

Similarly, let F(p) = 0, which yields p∗ = 0 or p∗ = 1, and the critical value of q∗ is
q∗ = N3V3[(a2−1)η+(1+a1)h+(1+a1a2)ηh]−c3

N3V3[(a2−2)η+a1h+a1a2ηh] .
Next, we analyzed the replicator dynamics of the two types of platforms and derived

Lemma 2.

Lemma 2. In the related market (competitive environment), the following is true:

(i) For the HPs, (1) when p = p∗ = (N1+N11)(η+h+ηh)V1−c′1
(N1+N11)V1[(2−a2)η+a1h+a1a2ηh] and F′(q) ≡ 0, both cross-

border competition and cross-border innovation strategies are equilibrium points. (2) When
p > p∗, F′(q∗)

∣∣q∗=1 < 0 , and q∗ = 1, the cross-border competition strategy is locally stable.
(3) When p < p∗, F′(q∗)

∣∣q∗=0 < 0 , and q∗ = 0, the cross-border innovation strategy is
locally stable.

(ii) For the SMPs, (1) when q = q∗ = N3V3[(a2−1)η+(1+a1)h+(1+a1a2)ηh]−c3
N3V3[(a2−2)η+a1h+a1a2ηh] and F′(p) ≡ 0,

both the innovation and non-innovation strategies are equilibrium points. (2) When q > q∗,
F′(p∗)

∣∣p∗=0 < 0 , and p∗ = 0, the non-innovation strategy is locally stable. (3) When
q < q∗, F′(p∗)

∣∣p∗=1 < 0 , and p∗ = 1, the innovation strategy is locally stable.

If the innovation influence of HPs is greater than that of SMPs, i.e., −1 ≤ a1 < 0, then
q∗ < 0, and q > q∗ always holds. As shown in Figure 3a, the system converges to the
point (0, 0), where HPs choose the cross-border innovation strategy, and SMPs choose the
non-innovation strategy.
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If the innovation influence of HPs is less than that of SMPs, i.e., 0 < a1 ≤ 1, and the
innovation cost is c3 → 0 for SMPs, then q∗ > 1, and q < q∗ always holds. As shown in
Figure 3b, the system converges to the point (1, 1), where HPs choose the cross-border
competition strategy, and SMPs choose the innovation strategy.

However, if the innovation cost, c3, for SMPs cannot be ignored, 0 < q∗ < 1, as shown
in Figure 3c. In this case, both platforms continuously adjust their strategies during the
repeated game to respond to changes in the other platform’s behavior. The system does not
stabilize at a specific equilibrium state but instead remains in a state of continuous change
or oscillation.

Proposition 3. In a competitive environment, the game dynamics yield the following equilibrium results:

(i) If −1 ≤ a1 < 0, then q∗ < 0 and q > q∗; the system converges to (0, 0), indicating an
equilibrium of {cross-border innovation, non-innovation}.

(ii) If 0 < a1 ≤ 1 and c3 is small, then q∗ > 1 and q < q∗; the system converges to (1, 1),
indicating an equilibrium of {cross-border competition, innovation}.

(iii) If 0 < a1 ≤ 1 and c3 cannot be ignored, then 0 < q∗ < 1; the system diverges with no definite
equilibrium state.

Proposition 3 encompasses the evolutionary game between HPs and SMPs in the
context of the competitive environment of the related market. It explains how different
levels of innovation influence and innovation costs affect the strategic choices of the
platforms and the stability of the system. From Proposition 3(i), when the innovation
influence of HPs is greater than that of SMPs, HPs adopt the cross-border innovation
strategy with the intent of maintaining or expanding their market share in the related market
through innovation. Meanwhile, SMPs, lacking sufficient resources or capabilities, choose
the non-innovation strategy, meaning they maintain their existing operations without
pursuing additional innovation. For example, Meta, through its powerful data resources
and innovative features, such as Reels and Instagram Stories, has successfully attracted a
large number of users, consolidating its dominance in the social media and advertising
markets. While Snapchat has made attempts at innovation in areas like augmented reality
(AR) and short videos, its limited data resources have prevented it from competing with
Meta in terms of its market share. As a result, Snapchat has chosen to maintain its existing
operational model rather than pursue large-scale innovation.

On the other hand, from Proposition 3(ii), when the innovation influence of HPs is
smaller than that of SMPs and the innovation cost for SMPs is low, HPs tend to choose the
cross-border competition strategy, merely attempting to enhance their ecosystem’s business
domains through cross-market competition. In response, SMPs opt for the innovation
strategy, leveraging innovation to increase their market share or improve their competitive
position. For example, Spotify has continuously strengthened its competitiveness in the
music streaming market through its personalized recommendation algorithm, innovative
playlists, and data analytics. In contrast, Apple Music relies on bundling its hardware
devices (such as iPhones and AirPods), resulting in a weaker impact from innovation.
Spotify’s low-cost innovation has positioned it advantageously in the competition, while
Apple Music relies more on its hardware ecosystem.

Proposition 3(iii) indicates that if the innovation cost for SMPs is relatively high, it may
influence their strategic choices, making them more cautious or conservative in pursuing
innovation while attempting to identify the optimal market positioning. At the same time,
HPs might experiment with different strategies to counteract the changing strategies of
SMPs. Under such circumstances, the system does not converge to a specific stable point,
meaning that market competition fails to reach a stable and predictable equilibrium state.
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The strategic implication of Proposition 3 is that, in a competitive environment, the
strategic choices of platforms are essentially a precise game focused on the influence of
innovation and cost-effectiveness. When HPs have significant innovation advantages,
they should continue to strengthen technological investments to consolidate market domi-
nance. When innovation advantages are insufficient, they should shift towards cross-border
competition to leverage ecosystem synergies. SMPs should focus on differentiated innova-
tion to establish competitive barriers when resources allow. When resources are limited,
they should seek external cooperation and form strategic alliances with external R&D
institutions and technology companies to reduce innovation costs.

4.3. Sensitivity Analysis in Competitive Related Markets

In this subsection, we conduct a sensitivity analysis of the impact of platform inno-
vation influence. According to Proposition 3(i), when the innovation influence of HPs
is greater than that of SMPs (i.e., −1 ≤ a1 < 0), the game converges to (0, 0), meaning
HPs engage in cross-border innovation while SMPs maintain the status quo. As shown in
Figure 4, we find that when −1 ≤ a1 < 0, as |a1| increases, the probability of HPs choosing
cross-border innovation becomes higher (i.e., q approaches 0 more quickly), while the
probability of SMPs choosing to maintain the status quo also increases (i.e., p approaches 0
more quickly). Consequently, the speed at which the game converges to a stable state also
increases. In addition, from Proposition 3(ii), when the innovation influence of SMPs is
greater than that of HPs (i.e., 0 < a1 ≤ 1), the game converges to (1, 1). Based on Figure 4,
when 0 < a1 ≤ 1, as a1 increases, the probability of HPs choosing cross-border competition
also increases (i.e., q approaches 1 more quickly), while the probability of SMPs choosing
innovation also increases (i.e., p approaches 1 more quickly). Consequently, the speed at
which the game converges to (1, 1) also increases.
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5. Monopoly and Innovation Strategies Under the Cross-Border
Expansion of Platforms

In the cross-border expansion process of platforms like Meta, both the positive impact
of cross-border innovation and the controversial nature of cross-border monopoly strategies
are evident. For example, when entering the short video market, Meta initially attempted
to compete with TikTok by internally incubating the Reels feature as a form of cross-border
innovation. However, Meta was also accused of employing cross-border monopoly tactics,
such as algorithmically prioritizing Reels content and restricting the spread of TikTok
videos on its platform to weaken its competitor’s market share. This case demonstrates
that HPs, during cross-border expansion, may simultaneously adopt both innovation and
monopoly strategies: expanding the market through innovation and consolidating their
competitive advantage through a monopoly.
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When HPs expand into related markets, they can leverage their existing data resources
to innovate, meet new user demands, and enhance the value of their data ecosystems.
Furthermore, these HPs may also use their data monopoly and competitive advantages in
the core market to implement cross-border monopolies in related markets, aiming to extract
more value from data resources. Therefore, this section considers two strategies for HPs in
related markets: cross-border monopolies and cross-border innovation. Meanwhile, SMPs
in the related market may choose to engage in innovation to improve the quality of their
products or services, thereby maintaining and increasing their data resources. However, if
the cost of data operation is too high or the data value returns are too low, they may choose
to maintain the non-innovation strategy, refraining from additional innovation investments.
Thus, SMPs have two strategic choices in the game: innovation and non-innovation.

5.1. Replication Dynamic Analysis in Monopolistic Related Markets

Assume that the impact of HPs’ cross-border monopoly behavior on data resources is
φ, where 0 ≤ φ ≤ 1. HPs adopt the cross-border monopoly strategy with a probability of x
and the cross-border innovation strategy with a probability of 1− x, where 0 ≤ x ≤ 1. SMPs
choose the innovation strategy with a probability of y and the non-innovation strategy with
a probability of 1 − y, where 0 ≤ y ≤ 1. The payoff matrix for the game between the two
types of platforms is shown in Table 4.

Table 4. The payoff matrix for the game between two types of platforms in the related market (the
monopoly environment).

HP
SMP

Innovation (y) Non-Innovation (1−y)

Cross-border monopoly (x) (N1 + N11)(1 + φ)(1 − h)(1 + η)V1
N3V3(1 + h)(1 + η)(1 − φ)− c3

(N1 + N11)(1 + φ)V1
N3V3(1 − φ)

Cross-border innovation (1 − x)
(N1 + N11)(1 − a1h)(1 + a2η)V1 −

c′1
N3V3(1 + a1h)(1 + a2η)− c3

(N1 + N11)(1 + h)(1 + η)V1 − c′1
N3V3(1 − h)(1 + η)

The replicator dynamic equation for HPs, F(x), is

F(x) = x(1 − x)
{
(N1 + N11)V1[φ − (η + h + ηh)] + c′1

+y(N1 + N11)V1[(2 + φ − a2)η + (a1 − φ)h + (a1a2 − φ)ηh]}
(19)

Let F(x) = 0, which gives x∗ = 0 or x∗ = 1, and the critical value of y∗ is

y∗ = (N1+N11)V1[φ−(η+h+ηh)]+c′1
(N1+N11)V1[(a2−2−φ)η+(φ−a1)h+(φ−a1a2)ηh] .

The replicator dynamic equation for SMPs, F(y), is

F(y) = y(1 − y){N3V3[(a2 − 1)η + (1 + a1)h + (1 + a1a2)ηh]− c3

− xN3V3[(a2 + φ − 2)η + (a1 + φ)h + (a1a2 + φ)ηh]}
(20)

Let F(y) = 0, which gives y∗ = 0 or y∗ = 0, and the critical value of x∗ is
x∗ = N3V3[(a2−1)η+(1+a1)h+(1+a1a2)ηh]−c3

N3V3[(a2+φ−2)η+(a1+φ)h+(a1a2+φ)ηh] .
Next, we analyze the replicator dynamics of the two types of platforms and derive

Lemma 3.

Lemma 3. In the related market (monopoly environment), the following is true:

(i) For the HPs, (1) when y = y∗ = (N1+N11)V1[φ−(η+h+ηh)]+c′1
(N1+N11)V1[(a2−2−φ)η+(φ−a1)h+(φ−a1a2)ηh] and F′(x) ≡ 0,

both the cross-border monopoly and the cross-border innovation strategies are equilibrium
points. (2) When y > y∗, F′(x∗)|x∗=0 < 0 , and x∗ = 0, the cross-border innovation strategy
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is locally stable. (3) When y < y∗, F′(x∗)|x∗=1 < 0 , and x∗ = 1, the cross-border monopoly
strategy is locally stable.

(ii) For the SMPs, (1) when x = x∗ = N3V3[(a2−1)η+(1+a1)h+(1+a1a2)ηh]−c3
N3V3[(a2+φ−2)η+(a1+φ)h+(a1a2+φ)ηh] and F′(y) ≡ 0, both

the innovation and non-innovation strategies are equilibrium points. (2) When x > x∗,
F′(y∗)

∣∣y∗=0 < 0 , and y∗ = 0, the non-innovation strategy is locally stable. (3) When
x < x∗, F′(y∗)

∣∣y∗=1 < 0 , and y∗ = 1, the innovation strategy is locally stable.

5.2. Stability Analysis in Monopolistic Related Markets

Based on the above analysis, it can be concluded that the evolutionary game has
two equilibrium points, (0, 1) and (1, 0), corresponding to the two outcomes: {cross-
border innovation, innovation} and {cross-border monopoly, non-innovation}, as shown
in Figure 5a. Next, we will separately discuss the outcomes of the game under the two
scenarios of major innovation and minor innovation.
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Scenario 1. Under major innovation (h > 1) with φ < η + h + ηh, the following
outcomes will emerge:

(1) If the innovation influence of HPs is greater (−1 ≤ a1 < 0), then y∗ < 0, and y > y∗

always holds. At this time, if the innovation cost of SMPs is
c3 ≤ N3V3(1 − φ)(η + h + ηh), as shown in Figure 5b, the system converges to the equilib-
rium point(0, 1), corresponding to the outcome {cross-border innovation, innovation}. If
c3 > N3V3(1 − φ)(η + h + ηh), as shown in Figure 5c, the system still converges to (0, 1),
corresponding to the outcome {cross-border innovation, innovation}.

(2) If the innovation influence of SMPs is greater (0 < a1 ≤ 1), and φ < a1, then
y∗ > 0. At this time, if the innovation cost of SMPs is c3 ≤ N3V3(1 − φ)(η + h + ηh), as
shown in Figure 5d, the system converges to the equilibrium point (0, 1),
corresponding to the outcome {cross-border innovation, innovation}. However, if
c3 > N3V3(1 − φ)(η + h + ηh), as shown in Figure 5a, the system still converges to the two
equilibrium points (0, 1) and (1, 0), corresponding to the outcomes {cross-border innovation,
innovation} and {cross-border monopoly, non-innovation}, respectively.

Scenario 2. Under minor innovation (0 < h ≤ 1) with φ > η + h + ηh, the following
outcomes will emerge:
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(1) If the innovation influence of HPs is greater (−1 ≤ a1 < 0), then y∗ > 0. At
this time, if the innovation cost of SMPs is c3 ≤ N3V3(1 − φ)(η + h + ηh), as shown in
Figure 5d, the system converges to the equilibrium point (0, 1), corresponding to the
outcome {cross-border innovation, innovation}. However, if c3 > N3V3(1 − φ)(η + h + ηh),
as shown in Figure 5a, the system still converges to the two equilibrium points (0, 1) and
(1, 0), corresponding to the outcomes {cross-border innovation, innovation} and {cross-
border monopoly, non-innovation}, respectively.

(2) If the innovation influence of SMPs is greater (0 < a1 ≤ 1), and φ < a1, then y∗ < 0.
At this time, if the innovation cost of SMPs is c3 ≤ N3V3(1 − φ)(η + h + ηh), as shown
in Figure 5b, the system converges to the equilibrium point (0, 1), corresponding to the
outcome {cross-border innovation, innovation}. However, if c3 > N3V3(1 − φ)(η + h + ηh),
as shown in Figure 5c, the system still converges to (0, 1), corresponding to the outcome
{cross-border innovation, innovation}.

Based on the above two situations, the innovation influence of HPs and SMPs, as well as
the influence of the innovation cost on the system convergence point, Propositions 4 and 5
are obtained.

Proposition 4. Under major innovation (h > 1), the following is true:

(i) If −1 ≤ a1 < 0, the system converges to (0, 1), meaning {cross-border innovation, innovation}.
(ii) If 0 < a1 ≤ 1 and c3 ≤ N3V3(1 − φ)(η + h + ηh), the system converges to (0, 1), meaning

{cross-border innovation, innovation}. If c3 > N3V3(1 − φ)(η + h + ηh), the system may
converge to (1, 0), meaning {cross-border monopoly, non-innovation}.

Proposition 4 summarizes the system dynamics of HPs and SMPs when facing major
innovation. When the innovation influence of HPs is more significant, the system converges
to a specific equilibrium point. This occurs because HPs, already possessing abundant data
resources in the core market, adopt a cross-border innovation strategy as they expand their
business into new markets to seek additional growth opportunities. In response to the
competitive pressure from HPs and the influence of market dynamics, SMPs opt to invest
in innovation to enhance their market share or, at the very least, maintain their current
market position.

Additionally, when the innovation influence of SMPs is greater, their innovation
costs play a critical role in shaping both their own strategic decisions and the overall
evolution of the system. With lower innovation costs, SMPs are more inclined to invest in
innovation activities, driving the system to converge to a specific equilibrium point. This
equilibrium may represent a market structure where SMPs secure a certain share of the
market through innovation. To counter the innovation challenges posed by SMPs, HPs will
also adopt innovation strategies. However, when innovation costs are high, the increased
risks and uncertainties associated with innovation lead SMPs to hesitate in investing in
innovation. As a result, the system may have the potential to converge to multiple different
equilibrium points. To avoid the risks and costs associated with high-investment innovation
projects, SMPs opt for non-innovation strategies. In this case, HPs will adopt a cross-border
monopoly strategy, leveraging their resources and market advantages to dominate and
control the new market segments.

The strategic implication of Proposition 4 suggests that, when faced with significant
innovation, HPs should fully leverage their innovation influence advantage and explore
new growth opportunities through cross-border innovation strategies. Meanwhile, SMPs
need to carefully evaluate the costs and benefits of innovation. When resources permit, they
should actively invest in innovation to capture market share; however, when innovation
costs are too high, they should consider differentiated survival strategies.
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Proposition 5. Under minor innovation (0 < h ≤ 1), the following is true:

(i) If −1 ≤ a1 < 0 and c3 ≤ N3V3(1 − φ)(η + h + ηh), the system converges to (0, 1),
meaning {cross-border innovation, innovation}. If c3 > N3V3(1 − φ)(η + h + ηh), the
system may converge to (1, 0), meaning {cross-border monopoly, non-innovation}.

(ii) If 0 < a1 ≤ 1, regardless of the value of the innovation cost, c3, the system always converges
to (0, 1), meaning {cross-border innovation, innovation}.

Proposition 5 summarizes how the innovation influence and innovation costs of HPs
and SMPs affect the system’s convergence and the strategic choices of both platforms under
minor innovation scenarios. In the context of minor innovation, the scale of innovation is
relatively small. When HPs have greater innovation influence, they are more likely to adopt a
cross-border innovation strategy. Since SMPs face lower innovation costs, they are willing to
invest in innovative activities to enhance their competitiveness. However, if SMPs encounter
higher innovation costs, under minor innovation conditions, they are inclined to maintain the
status quo to avoid the risks associated with costly innovation. In this case, after evaluating
the relative benefits of minor innovations versus cross-border monopolies, HPs may choose
a cross-border monopoly strategy. On the other hand, even in a minor innovation context,
if SMPs exhibit a greater innovation influence, they will still pursue innovative activities.
Correspondingly, HPs will adopt a cross-border innovation strategy to seek new growth
opportunities in response to the competitive pressure from SMPs.

Regardless of whether it is a major or minor innovation scenario, if the innovation cost
of SMPs satisfies c3 ≤ N3V3(1 − φ)(η + h + ηh), the evolutionary game between the two
types of platforms will eventually converge to {cross-border innovation, innovation}. When
y∗ decreases, the position of point D(x∗, y∗) in Figure 5a will shift downward, indicating a
stronger tendency for the system to converge to {cross-border innovation, innovation}.

The strategic implication of Proposition 5 is that, in the context of minor innovations,
the relative advantage of the innovation influence plays a more significant role than in-
novation costs in determining platforms’ strategy choices. HPs should maintain an open
attitude even when facing minor innovations, avoiding falling into a monopolistic mindset.
SMPs need to recognize that even minor innovations, if they can continuously accumulate
innovation influence, can still change the competitive landscape. This requires compa-
nies to establish agile innovation mechanisms, while also suggesting that policymakers
should pay attention to the cumulative effects of minor innovations and create a favorable
development environment for them.

To further support Propositions 4 and 5, this study analyzed the actual case of Meta in
related markets. Meta completed the acquisitions of the image and video sharing platform
Instagram in April 2012 and the instant messaging platform WhatsApp in February 2014.
Using relevant data from Statista, Figure 6a illustrates that before being acquired by Meta,
WhatsApp and Instagram experienced slow global user traffic growth. After the acquisi-
tions, user traffic continued to grow rapidly and steadily. However, the user traffic growth
of other SMPs in the markets of these two platforms differed. For instance, the user traffic
of the platform Discord in the instant messaging market remained relatively slow from 2011
to 2023, while the smaller photo-sharing platform Pinterest experienced rapid user traffic
growth from 2012 to 2023. Based on the annual reports of Discord and Pinterest, Figure 6b
shows that from 2017 to 2023, Pinterest’s average annual R&D expenditure accounted
for approximately 43.2%, peaking at 55.4% in 2019, while Discord’s average annual R&D
expenditure accounted for only about 22.5%. This significant difference in innovation
investment had a notable impact on the platforms’ traffic growth trends. Pinterest, with its
high level of R&D investment, achieved continuous technological iteration and business
model optimization, leading to steady user traffic growth.
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Figure 6. (a) Changes in user traffic for HPs and SMPs; (b) R&D expenditure of SMPs.

In this scenario, Meta’s innovation influence was greater than that of the SMPs, so it
chose a cross-border innovation strategy. SMPs, such as Pinterest, need to continuously
invest in innovation to increase their market share or at least maintain their current market
position. This phenomenon aligns with Proposition 4(i). Discord did not invest enough
resources in innovation and, therefore, failed to effectively respond to the competitive
pressure from HPs. This aligns with the situation in Proposition 4(ii) or Proposition 5(i),
where SMPs choose to maintain the status quo.

Proposition 6. In the relevant market, when the game converges to {cross-border innovation,
innovation}, the following is true:

(1) When h > 1, if −1 ≤ a1 < 0, then ∂y∗
∂a1

> 0 and ∂y∗
∂a2

< 0; if 0 < a1 ≤ 1, then ∂y∗
∂a1

> 0 and
∂y∗
∂a2

< 0.

(2) When 0 < h ≤ 1, if −1 ≤ a1 < 0, then ∂y∗
∂a1

< 0 and ∂y∗
∂a2

> 0; if 0 < a1 ≤ 1, then ∂y∗
∂a1

< 0

and ∂y∗
∂a2

> 0.

Under the scenario of major innovation (h > 1), then φ < η + h + ηh; if the innovation
is dominated by the major innovation of HPs (−1 ≤ a1 < 0), it satisfies ∂y∗

∂a1
> 0 and

∂y∗
∂a2

< 0. If the innovation is led by the major innovation of SMPs (0 < a1 ≤ 1), it also

satisfies ∂y∗
∂a1

> 0 and ∂y∗
∂a2

< 0. This suggests that under the major innovation scenario, as
the influence of coefficient a2 on the market volume change rate increases, and the influence
of coefficient a1 on the market share change rate decreases, y∗ becomes smaller, and the
critical point, D, shifts downward. Consequently, the game outcome increasingly favors
{cross-border innovation, innovation}.

In the scenario of minor innovation (0 < h ≤ 1), then φ > η + h + ηh; if the innovation
influence of HPs is relatively large (−1 ≤ a1 < 0), it satisfies ∂y∗

∂a1
< 0 and ∂y∗

∂a2
> 0. Similarly,

if the innovation influence of SMPs is relatively large (0 < a1 ≤ 1), it also satisfies ∂y∗
∂a1

< 0

and ∂y∗
∂a2

> 0. This implies that under the minor innovation scenario, as the influence of
coefficient a2 on the market volume change rate decreases and the influence of coefficient
a1 on the market share change rate increases, y∗ becomes smaller, leading HPs to choose
cross-border innovation and SMPs to choose innovation.

Market share refers to the proportion of a platform’s presence in the market, while
market capacity refers to the overall user base of the market. In the context of major inno-
vation, market capacity can expand significantly due to the disruptive and novel nature of
the innovation, attracting more consumers into the market and providing broader opportu-
nities for all the market’s participants. However, major innovation typically requires time
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to be accepted and fully utilized by the market, meaning it does not immediately result
in the rapid growth of the market share for platforms. In such a scenario, both HPs and
SMPs tend to pursue innovation strategies, aiming to benefit from the increased market
capacity over the long term. Minor innovation offers platforms an opportunity to quickly
test market responses and adjust their strategies accordingly. It is also more easily accepted
by users, making it appealing for platforms to implement. While minor innovation does
not significantly increase the market capacity, it generates swift market feedback and recog-
nition. As a result, both HPs and SMPs are motivated to adopt innovation strategies to
enhance their market share and responsiveness.

According to Proposition 6, if the innovation cost for SMPs remains as
c3 ≤ N3V3(1 − φ)(η + h + ηh), both major and minor innovations maintain their appeal.
This spontaneous market mechanism suggests that there is no need for the government or
other regulatory bodies to introduce additional policies to promote market competition and
innovation, as the market is already self-adjusting and evolving. Such a market environ-
ment not only ensures competitiveness but also fosters continuous innovation, delivering
high-quality experiences and added value to consumers and all participants.

5.3. Sensitivity Analysis in Monopolistic Related Markets

In this subsection, we conduct a sensitivity analysis of the parameter h. As shown
in Figure 7, we find that as h increases, the probability of HPs choosing cross-border
innovation becomes higher (i.e., q approaches 0 more quickly), while the probability of
SMPs opting for innovation also increases (i.e., p approaches 1 more quickly). Consequently,
the speed at which the game converges to a stable state also increases.

J. Theor. Appl. Electron. Commer. Res. 2025, 20, x FOR PEER REVIEW  24  of  32 
 

 

5.3. Sensitivity Analysis in Monopolistic Related Markets 

In this subsection, we conduct a sensitivity analysis of the parameter  h . As shown 

in Figure 7, we find  that as  h   increases,  the probability of HPs choosing cross‐border 

innovation becomes higher (i.e., 
q
  approaches 0 more quickly), while the probability of 

SMPs opting for  innovation also  increases (i.e., 
p
  approaches 1 more quickly). Conse‐

quently, the speed at which the game converges to a stable state also increases. 

 
(a)  (b) 

Figure 7. Sensitivity analysis of market share change rate,  h . (a) HPs; (b) SMPs. 

6. Conclusions 

In  light of  the  impact of HPs’ cross‐border expansion on  the competitiveness and 

the level of innovation of both core markets and related markets, this paper outlines the 

evolutionary  logic of platforms  in cross‐market competition. By constructing an evolu‐

tionary  game model  from  the  perspective  of data  factors,  it  analyzes  their  expansion 

strategies  in  core markets  and  cross‐border  behaviors  in  related markets.  This  paper 

discusses  the  evolutionarily  stable  strategies  of  the  two  types  of  platforms  (HPs  and 

SMPs) under different conditions and the factors influencing their strategy choices, sup‐

plemented by numerical simulations  to validate  the game process. The  rapid develop‐

ment of the digital economy and advancements in data algorithm technologies have en‐

abled platforms  to acquire  real‐time, granular, and structured market data,  further ac‐

celerating the industry’s digital transformation through cross‐border competition among 

platforms. 

6.1. Findings 

This study finds that, in the core market, whether HPs adopt an expansion strategy 

and whether SMPs choose a non‐exit strategy primarily depend on  three  factors. First, 

the cost required for HPs to implement the expansion strategy and the extent to which 

this strategy  impacts  the user scale. Second,  the operational costs  for SMPs  to adopt a 

non‐exit strategy and  their  influence on  the user scale. Third,  the gap  in  the  total user 

value  between HPs  and  SMPs. Any  of  these  three  factors  can  significantly  affect  the 

convergence outcome of the game. 

When HPs  engage  in  cross‐border  activities  in  related markets,  they may  choose 

cross‐border  competition,  cross‐border  innovation,  or  a  cross‐border monopoly.  In  a 

competitive environment, HPs are likely to consider two strategic options: cross‐border 

competition  or  cross‐border  innovation,  while  SMPs  in  the  related  market  decide 

whether to pursue innovation or adopt non‐innovation strategies. The findings suggest 

that when HPs have  a greater  innovation  influence,  they  tend  to  choose  cross‐border 

Figure 7. Sensitivity analysis of market share change rate, h. (a) HPs; (b) SMPs.

6. Conclusions
In light of the impact of HPs’ cross-border expansion on the competitiveness and the

level of innovation of both core markets and related markets, this paper outlines the evolu-
tionary logic of platforms in cross-market competition. By constructing an evolutionary
game model from the perspective of data factors, it analyzes their expansion strategies in
core markets and cross-border behaviors in related markets. This paper discusses the evo-
lutionarily stable strategies of the two types of platforms (HPs and SMPs) under different
conditions and the factors influencing their strategy choices, supplemented by numerical
simulations to validate the game process. The rapid development of the digital econ-
omy and advancements in data algorithm technologies have enabled platforms to acquire
real-time, granular, and structured market data, further accelerating the industry’s digital
transformation through cross-border competition among platforms.
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6.1. Findings

This study finds that, in the core market, whether HPs adopt an expansion strategy
and whether SMPs choose a non-exit strategy primarily depend on three factors. First, the
cost required for HPs to implement the expansion strategy and the extent to which this
strategy impacts the user scale. Second, the operational costs for SMPs to adopt a non-exit
strategy and their influence on the user scale. Third, the gap in the total user value between
HPs and SMPs. Any of these three factors can significantly affect the convergence outcome
of the game.

When HPs engage in cross-border activities in related markets, they may choose cross-
border competition, cross-border innovation, or a cross-border monopoly. In a competitive
environment, HPs are likely to consider two strategic options: cross-border competition
or cross-border innovation, while SMPs in the related market decide whether to pursue
innovation or adopt non-innovation strategies. The findings suggest that when HPs have
a greater innovation influence, they tend to choose cross-border innovation, while SMPs,
lacking sufficient technology or resources, opt for a non-innovation strategy. Conversely,
when SMPs have a greater innovation influence, low innovation costs drive them to pursue
innovation. However, if innovation costs are high, these SMPs become more conservative,
and the system fails to converge to a specific equilibrium point.

In related markets, under a monopolistic environment, HPs may choose between
cross-border monopoly and cross-border innovation strategies. In the context of system
dynamics involving major innovation, when HPs possess a greater innovation influence,
the system converges to a specific equilibrium point: {cross-border innovation, innovation}.
Conversely, when SMPs have a greater innovation influence, the level of innovation costs
determines the direction of system evolution. In the context of system dynamics involving
minor innovation, if HPs have a greater innovation influence, the level of SMPs’ innovation
costs influences the system’s evolution. If innovation costs are low, the system converges
to {cross-border innovation, innovation}; however, if innovation costs are high, the system
may converge to {cross-border monopoly, non-innovation}. On the other hand, if SMPs
have a greater innovation influence, regardless of the level of innovation costs, the system
always converges to {cross-border innovation, innovation}.

6.2. Research Contributions

This study makes three important contributions to the existing literature on platforms’
cross-border competition and innovation: (1) The current research primarily focuses on
static analysis, whereas this study constructs a two-stage evolutionary game model based
on data elements. It systematically analyzes the expansion behavior of HPs in core markets
and their cross-border competition behavior in related markets. This research provides
a new perspective for the theoretical framework of platforms’ cross-border competition,
particularly revealing the dynamic characteristics of data flow in different market envi-
ronments and its impact on the strategic decisions of HPs. (2) Existing research primarily
focuses on innovation modes and mechanisms at the macro level, whereas this study ex-
plores the innovation strategy adjustments of SMPs from a micro perspective. Specifically,
this study analyzes how SMPs flexibly adjust their innovation decisions based on their
own resource constraints and the strategies of HPs, in response to varying innovation costs
and impacts. This contribution expands the research scope in the field of innovation for
SMPs, particularly providing a new analytical framework for their innovation capabilities
and adaptation strategies in dynamic competitive environments. (3) This study fills the
research gap regarding the impact of cross-border competition and cross-border monopoly
strategies on related markets. We analyzed the interactions between HPs and SMPs in
cross-border markets under different innovation scenarios and explored how their innova-



J. Theor. Appl. Electron. Commer. Res. 2025, 20, 75 23 of 28

tion strategies jointly shape the system’s steady state under the coexistence of monopolies
and competition.

6.3. Managerial Insights

This study offers several managerial implications aimed at providing strategic guid-
ance for both HPs and SMPs. HPs should consider the following aspects when formulating
strategies: In the core market, if the HPs’ goal is to expand their market share, they should
continuously optimize data technologies, management, and operational processes to reduce
the costs associated with data-driven expansion. HPs should increase their investment
in data value, further widening the gap in data resources between themselves and SMPs,
thereby consolidating their market leadership. However, HPs need to be mindful of the
risks of over-expansion, ensuring that expansion does not lead to resource waste or un-
healthy market competition. In the competitive environment of related markets, HPs
should focus on their innovation influence. If there is a clear innovation advantage, HPs
should opt for a cross-border innovation strategy, expanding the market by integrating
data resources from new fields and attracting more users through innovation. However,
HPs should avoid using monopoly tactics to control the market and prevent excessive
competition from stifling innovation. In monopolistic environments, HPs need to balance
the impact of cross-border innovation and cross-border monopoly strategies on the data
scale and choose the strategy that maximizes data growth. Additionally, HPs must pay
attention to interactions with SMPs’ innovation behavior. If SMPs demonstrate a signifi-
cant influence on innovation, HPs should consider collaborating with them or adopting
alternative strategies to maintain their data scale.

In the face of data-driven market competition, SMPs in the core market should assess
whether they have sufficient data resources and innovation capabilities to compete with
HPs. If the expansion costs for HPs are low and their data resource advantages are
significant, SMPs may face pressure to exit the market. Therefore, platform managers
should consider finding a differentiated competitive strategy in market segmentation or
unique positioning to avoid direct competition with HPs, thereby reducing the risk of being
forced to exit the market. In related markets, particularly in a competitive environment, if
SMPs can effectively accumulate data resources and enhance their innovation influence
through R&D, they will be better positioned to survive in a highly competitive environment.
As such, SMPs should focus on innovation in products, technologies, and services, creating
differentiated competitive advantages by strengthening their innovation influence. In
a monopolistic environment, if the innovation costs faced by SMPs are relatively low,
even under strong competition from HPs, SMPs should continue to invest in innovation,
steadily increasing their data scale and market share. When HPs have a strong innovation
advantage, SMPs can lower entry barriers and enhance their market competitiveness
through continuous innovation. However, if innovation costs are high, SMPs should
carefully evaluate the potential returns from innovation to avoid wasting resources on
high innovation costs. In such a situation, SMPs should consider collaborating with other
platforms or R&D institutions to jointly reduce innovation barriers, share technological
resources, and leverage external partnerships for innovation, thus lowering risks and
improving their market adaptability.

To promote the healthy development of the data element market and ensure fair
competition, policymakers need to adopt a multifaceted approach. First, clear data gov-
ernance rules should be established to prevent the over-expansion of HPs and safeguard
the development space of SMPs. Policymakers should strengthen the regulation of data
privacy, data monopolies, and platform competition behaviors to ensure that platforms
comply with fair competition rules during expansion. In addition, policies should re-
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duce innovation costs through innovation funds, tax incentives, R&D subsidies, and other
measures, encouraging platforms to engage in technological R&D and market innovation.
These policies can help SMPs lower the economic barriers to innovation and improve
their market competitiveness. As HPs expand into related markets, governments should
intensify the regulation of cross-border monopolistic behaviors. Through antitrust laws
and policies, the government should prevent HPs from leveraging their data advantages to
establish unfair monopolistic positions in new markets and suppress innovation. Policies
can guide platforms to find a balance between collaborative innovation and competition,
avoiding excessive market concentration, and ensuring that all platforms can develop in a
fair competitive environment.

6.4. Limitations and Future Research

In this study, “cross-border competition” and “cross-border monopoly” are abstract
representations of platform behaviors, explicitly identified as behavior path choices based
on data migration and utilization, rather than concrete market phenomena or rule defini-
tions. “Cross-border competition” refers to the behavior of platforms leveraging the data
and traffic advantages that they accumulated in the core market to enter related markets
and compete with existing firms. On the other hand, “cross-border monopoly” describes a
platform’s monopolistic behaviors in related markets, driven by its data advantages from
the core market during cross-border activities. It is worth noting that this study does not
delve into specific types of cross-border monopoly behaviors; rather, it treats these concepts
as surface-level manifestations of cross-border platform behaviors. The deeper issue lies in
how cross-border data migration serves as the basis for platform behavior choices—namely,
how platforms utilize data migration from their core markets to enter related markets, form
competitive advantages, and subsequently choose either the cross-border competition or
cross-border monopoly path.

Future research can further refine the behavioral classifications of “cross-border com-
petition” and “cross-border monopoly”. For example, it could explore different forms of
cross-border monopolies (such as algorithmic discrimination, data blocking, and vertical inte-
gration) and how they manifest in the platform economy. Additionally, studies could consider
the influence of varying market characteristics (e.g., differences in user demand or market entry
barriers) on platforms’ behavior choices in cross-border competition, thereby providing a more
comprehensive depiction of platforms’ strategy dynamics in cross-border activities.
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Appendix A

Proof of Lemma 1. Let F(q) = 0, which yields q∗ = 0 or q∗ = 1, and the critical value
of p∗ is p∗ = c1−N1V1γ(1−λ)

N1V1γλ . The stability of the replicator dynamics for HPs is analyzed
as follows: (1) When p = p∗, F′(q) ≡ 0, indicating that for HPs, whether they choose an
expansion strategy or a non-expansion strategy, the outcome is stable for them. (2) When
p > p∗, F′(q∗)

∣∣q∗=0 > 0 , F′(q∗)
∣∣q∗=1 < 0 , which indicates that q∗ = 1, and the expansion

strategy is the locally stable equilibrium point. (3) When p < p∗, F′(q∗)
∣∣q∗=0 < 0 and

F′(q∗)
∣∣q∗=1 > 0 , which indicates that q∗ = 0, and the non-expansion strategy is the locally

stable equilibrium point.
Let F(p) = 0, which yields p∗ = 0 or p∗ = 1, and the critical value of q∗ is

q∗ = N2V2(1+λ)−c2
N2V2(1+λ)γ

. The replicator dynamics for SMPs are analyzed as follows: (1) When
q = q∗, F′(p) ≡ 0, indicating that for SMPs, whether they choose the exit strategy or the non-
exit strategy, the outcome is stable. (2) When q > q∗, F′(p∗)

∣∣p∗=0 > 0 and F′(p∗)
∣∣p∗=1 < 0 ,

which indicates that p∗ = 1, and the exit strategy is the locally stable equilibrium point.
(3) When q < q∗, F′(p∗)

∣∣p∗=0 < 0 and F′(p∗)
∣∣p∗=1 > 0 , which indicates that p∗ = 0, and

the non-exit strategy is the locally stable equilibrium point. Thus, Lemma 1 is proven. □

Proof of Proposition 1. Based on the expressions for p∗ = c1−N1V1γ(1−λ)
N1V1γλ and

q∗ = N2V2(1+λ)−c2
N2V2(1+λ)γ

, it is evident that when c1 < N1V1γ
(

1− 1
2 λ

)
, p∗ < 1

2 , and when

c2 > N2V2(1+ λ)
(

1− 1
2 γ

)
, q∗ < 1

2 . These conditions suggest that the system tends to
converge toward the equilibrium state (1, 1).

As illustrated in Figure 1a, the position of the saddle point, D(q∗, p∗), determines the
system’s trajectory toward one of the two equilibrium states. When the saddle point, D(q∗, p∗),
falls within region 2, both p∗ and q∗ are less than 1

2 . Consequently, the system is more likely to
converge toward the equilibrium point (1, 1), as the tendency for this equilibrium state becomes
stronger, as shown in Figure 1b. Thus, Proposition 1 is proven. □

Proof of Proposition 2. When c1 > N1V1γ
(

1− 1
2λ

)
, p∗ > 1

2 ; when c2 < N2V2(1+ λ)
(

1− 1
2γ

)
,

q∗ > 1
2 . Under these conditions, the saddle point, D(q∗, p∗), lies in region 1. Consequently,

the system tends to converge on the equilibrium point (0, 0), as the tendency for this
equilibrium state is reinforced, as shown in Figure 1c. Thus, Proposition 2 is proven. □

Proof of Lemma 2. The replicator dynamics for HPs are analyzed as follows: (1) When
p = p∗, F′(q) ≡ 0, indicating that for HPs, whether they choose a cross-border competition
strategy or a cross-border innovation strategy, the outcome is stable for them. (2) When
p > p∗, F′(q∗)

∣∣q∗=0 > 0 and F′(q∗)
∣∣q∗=1 < 0 , which indicates that q∗ = 1, and the cross-

border competition strategy is the locally stable equilibrium point. (3) When p < p∗,
F′(q∗)

∣∣q∗=0 < 0 and F′(q∗)
∣∣q∗=1 > 0 , which indicates that q∗ = 0, and the cross-border

innovation strategy is the locally stable equilibrium point.
The replicator dynamics for SMPs are analyzed as follows: (1) When q = q∗, F′(p) ≡ 0,

indicating that for SMPs, whether they choose the non-innovation strategy or the innova-
tion strategy, the outcome is stable. (2) When q > q∗, F′(p∗)

∣∣p∗=0 < 0 and F′(p∗)
∣∣p∗=1 > 0 ,

which indicates that p∗ = 0, and the non-innovation strategy is the locally stable equilib-
rium point. (3) When q < q∗, F′(p∗)

∣∣p∗=0 > 0 and F′(p∗)
∣∣p∗=1 < 0 , which indicates that

p∗ = 1, and the innovation strategy is the locally stable equilibrium point. Thus, Lemma 2
is proven. □

Proof of Proposition 3. The denominator of q∗ is N3V3[(a2 − 2)η + a1h + a1a2ηh]. We
analyzed each term separately to determine its sign: Since 1 ≤ a2 ≤ 2 (a standard assump-
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tion for platform parameters being positive), we have a2 − 2 ≤ 0. Additionally, η ≥ 0
(representing the relevance or influence of innovation) is positive. Therefore, (a2 − 2)η ≤ 0.
Since h > 0 (representing the impact factor of innovation, either major or minor), we
concluded a1h < 0 and a1a2ηh < 0. By summing these terms, the denominator becomes
a sum of all negative terms. Thus, the statement is proven: when −1 ≤ a1 < 0, we have
q∗ < 0, and q > q∗ is always satisfied. As shown in Figure 4a, the system converges to the
point (0, 0), where HPs choose the cross-border innovation strategy, and SMPs choose the
non-innovation strategy.

The numerator of q∗ is N3V3[(a2 − 1)η + (1+ a1)h+ (1+ a1a2)ηh]− c3. Given 0 < a1 ≤ 1,
all the terms in (a2 − 1)η +(1+ a1)h+(1+ a1a2)ηh are positive if 1 ≤ a2 ≤ 2, which is assumed
to hold. c3 is sufficiently small, so it does not dominate the numerator. By comparing the
numerator and denominator of q∗, it was found that (a2 − 1)η +(1 + a1)h+(1 + a1a2)ηh >

(a2 − 2)η + a1h + a1a2ηh. Therefore, when c3 is sufficiently small, the numerator is greater
than the denominator, leading to q∗ > 1. As shown in Figure 4b, the system converges to
the point (1, 1), where HPs choose the cross-border competition strategy, and SMPs choose
the innovation strategy.

If c3 cannot be neglected, there exists a situation where the numerator is smaller than
the denominator, resulting in 0 < q∗ < 1. Thus, Proposition 3 is proven. □

Proof of Lemma 3. The replicator dynamics for HPs are analyzed as follows: (1) When
y = y∗, F′(x) ≡ 0, indicating that for HPs, whether they choose a cross-border monopoly
strategy or a cross-border innovation strategy, the outcome is stable for them. (2) When y > y∗,
F′(x∗)|x∗=0 < 0 and F′(x∗)|x∗=1 > 0, indicating that x∗ = 0 is the stable equilibrium point. In
this case, HPs will adopt the cross-border innovation strategy. (3) When y < y∗, F′(x∗)|x∗=0 > 0
and F′(x∗)|x∗=1 < 0, indicating that x∗ = 1 is the stable equilibrium point. In this case, HPs will
adopt the cross-border monopoly strategy.

The replicator dynamics for SMPs are analyzed as follows: Since 0 < |a1| ≤ 1, when
the innovation cost of SMPs is c3 ≤ N3V3(1 − φ)(η + h + ηh), x∗ ≥ 1, and y∗ = 1 becomes
the stable equilibrium point. In this case, SMPs will adopt the innovation strategy. If the
innovation cost of SMPs is c3 > N3V3(1 − φ)(η + h + ηh), 0 < x∗ < 1: (1) When x > x∗,
y∗ = 0 becomes the stable equilibrium point, and SMPs choose the non-innovation strategy.
(2) When x < x∗, y∗ = 1 becomes the stable equilibrium point, and SMPs choose the
innovation strategy. Thus, Lemma 3 is proven. □

Proof of Proposition 6. Under the scenario of major innovation (h > 1), φ < η + h + ηh.
When φ < η + h + ηh, then ∂y∗

∂a1
> 0. Additionally, if 0 < a1 ≤ 1 and a1h < 1, then ∂y∗

∂a2
< 0;

if −1 ≤ a1 < 0, then ∂y∗
∂a2

< 0 as well.
In the scenario of minor innovation (0 < h ≤ 1), φ > η + h+ ηh. When φ > η + h+ ηh,

∂y∗
∂a1

< 0. In this case, if 0 < a1 ≤ 1 and a1h < 1, ∂y∗
∂a2

> 0; if −1 ≤ a1 < 0, ∂y∗
∂a2

> 0. Thus,
Proposition 6 is proven. □
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